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Objective To identify the differences in the movement of the hyoid bone and the vocal cord with and without
electrical stimulation in normal subjects.

Methods Two-dimensional motion analysis using a videofluoroscopic swallowing study with and without
electrical stimulation was performed. Surface electrical stimulation was applied during swallowing using
electrodes placed at three different locations on each subject. All subjects were analyzed three times using the
following electrode placements: with one pair of electrodes on the suprahyoid muscles and a second pair on the
infrahyoid muscles (SI); with placement of the electrode pairs on only the infrahyoid muscles (I0); and with the
electrode pairs placed vertically on the suprahyoid and infrahyoid muscles (SIV).

Results The main outcomes of this study demonstrated an initial downward displacement as well as different
movements of the hyoid bone with the three electrode placements used for electrical stimulation. The initial
positions of the hyoid bone with the SI and IO placements resulted in an inferior and anterior displaced position.
During swallowing, the hyoid bone moved in a more superior and less anterior direction, resulting in almost the
same peak position compared with no electrical stimulation.

Conclusion These results demonstrate that electrical stimulation caused an initial depression of the hyoid bone,
which had nearly the same peak position during swallowing. Electrical stimulation during swallowing was not
dependent on the position of the electrode on the neck, such as on the infrahyoid or on both the suprahyoid and
infrahyoid muscles.
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INTRODUCTION

Various methods, such as oropharyngeal exercise, com-
pensation maneuvers, diet control and electrical stimu-
lation, are used to improve swallowing in patients with
dysphagia. Recently, interest in the use of electrical stim-
ulation for the treatment of dysphagia has increased and
many researchers have been conducting studies related
to this [1]. The positions and types of electrodes used for
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electrical stimulation include intraoral, transcutaneous,
and intramuscular [2,3]. However, not all types of elec-
trical stimulation are used for treatment. The VitalStim
(Chattanooga Group, Hixson, TN, USA), a transcutane-
ous type of electrical stimulation that received approval
from the US Food and Drug Administration, is one of the
methods used [4].

In recent years, several studies have focused attention
on electrical stimulation of hyolaryngeal muscles. Freed
et al. [4] published data on the application of transcuta-
neous electrical stimulation to a group of 63 stroke pa-
tients and compared the data to that of 36 stroke patients
treated with thermal tactile stimulation. The results of
their study demonstrated a significant improvement in
the electrical stimulation group. However, the study has
been criticized for its many methodological flaws, includ-
ing the lack of a clearly articulated physiologic rationale
guiding the site of stimulation, the subject eligibility
criteria and failures to control for spontaneous recovery,
randomization, the validity of the measure used to de-
termine outcomes and experimenter bias [5]. There were
several studies following the Freed et al. [4] study that
compared transcutaneous electrical stimulation to tradi-
tional swallowing therapy. Blumenfeld et al. [6] investi-
gated the efficacy of electrical stimulation in treating per-
sons with dysphagia and aspiration. Their results showed
that dysphagia therapy with electrical stimulation was
superior to traditional dysphagia therapy alone. However,
Kiger et al. [7] reported no statistically significant differ-
ence in outcomes in patients treated with transcutaneous
electrical stimulation therapy and those that received tra-
ditional swallowing therapy for dysphagia.

Various muscle complexes are involved in the swallow-
ing process. The suprahyoid muscles include the mylo-
hyoid, geniohyoid and the anterior belly of the digastrics,
while the infrahyoid muscles include the thyrohyoid,
sternohyoid and omohyoid. The suprahyoid and thyro-
hyoid muscles move the hyoid bone in an anterosuperior
direction. However, the other infrahyoid muscles move
the hyoid bone in an inferior direction [1]. Contraction of
the hyolaryngeal muscles is one of the first events in the
swallowing reflex. This pulls the larynx in the anterosu-
perior direction and facilitates epiglottis rotation, help-
ing prevent aspiration while the bolus passes through the
pharynx [8]. Combined stimulation of both the supra-
hyoid and infrahyoid muscles, located in the submental
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area and the anterior throat areas, is standard practice
with transcutaneous electrical stimulation [9]. Using
transcutaneous electrical stimulation, a tolerable level
of electrical stimulation at the submental area moves the
hyoid bone in an anterosuperior direction, regardless of
the muscle depth of the stimulation. However, electrical
stimulation at the throat area moves the hyoid bone in an
inferior direction if insufficient current is flowing to the
deep muscles, including the thyrohyoid muscle [10].

Over the past few years, a considerable number of stud-
ies have analyzed hyolaryngeal structural movements
during swallowing with simultaneous electrical stimula-
tion. Humbert et al. [11] found that significant laryngeal
and hyoid descent occurred with stimulation at rest in
28 healthy volunteers. Also, during stimulated swallow-
ing, significant reductions in the peak elevation of both
the larynx and hyoid bone occurred. Ludlow et al. [12]
examined 11 participants with chronic long standing
dysphagia. They were interested in the effect of electrical
stimulation on the position of the hyoid bone under con-
ditions of no stimulation, low sensory-level stimulation,
maximally tolerated motor level stimulation during swal-
lowing and at rest. They showed that significant hyoid
depression occurred only during stimulated swallowing
and at rest. They also showed that participants who had
reduced aspiration and penetration during swallowing
with stimulation had greater hyoid depression during
stimulation. Therefore, they concluded that transcuta-
neous electrical stimulation would be detrimental to
hyolaryngeal elevation in dysphagic individuals. And
they suggested that patients should be carefully screened
prior to the use of transcutaneous electrical stimulation
to determine whether they would be placed at increased
risk of aspiration.

Although some studies showed that transcutaneous
electrical stimulation can depress the hyoid bone in both
healthy people and patients with dysphagia, transcuta-
neous electrical stimulation is still used as a treatment
option for patients with dysphagia without proven aspi-
ration and penetration safety. The VitalStim (Chattanooga
Group) is a transcutaneous method of electrical stimula-
tion that received approval from the US Food and Drug
Administration. However, as mentioned above, there has
been some controversy in recent studies over the efficacy
of electrical therapy for dysphagia. Therefore, there is a
real need to evaluate the efficacy of continuous electrical
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therapy for dysphagia.

An additional study revealed that transcutaneous elec-
trical stimulation of the infrahyoid muscles for 2 weeks,
along with effortful swallowing, had a significant effect
on the maximal vertical displacement of the larynx [13].
However, this study investigated the kinematic result of
treatment on repeated sessions of hyolaryngeal electrical
stimulation without a kinematic change analysis dur-
ing stimulation. Although, many clinicians believe that
transcutaneous electrical stimulation along with effortful
swallowing has a strengthening effect on patients with
dysphagia, we still do not know whether transcutaneous
electrical stimulation is detrimental for patients with dys-
phagia.

We addressed two questions in our study: 1) Does
transcutaneous electrical stimulation with effortful swal-
lowing really reduce the elevation of the larynx and hyoid
bone? If transcutaneous electrical stimulation with ef-
fortful swallowing really does reduce elevation, what is
the therapeutic mechanism underlying transcutaneous
electrical stimulation in patients with dysphagia? 2) Do
different arrangements of the surface electrode induce
different contractions of the hyolaryngeal muscles that
result in different levels of hyolaryngeal elevation?

Therefore, to assess the kinematic effect and safety dur-
ing electrical stimulation with effortful swallowing, we
measured the motion of the hyoid and larynx using vari-
ous placements of surface electrodes in healthy volun-
teers. We analyzed the movement of the hyoid and larynx
according to temporal change.

MATERIALS AND METHODS

Participants

To conduct this prospective study, it was necessary to
plan the number of subjects needed. Thus, we deter-
mined the number of subjects using a calculation meth-
od developed by the Occupational and Environmental
Medicine Department at the Kosin University College of
Medicine and received the approval of the Institutional
Review Board. The level of significance was set as ¢.=0.05
and type II error () was set at 0.20, while the power of
the test was maintained at 80% based on the results of
a preliminary study [14]. The results of a preliminary
study with 40 healthy volunteers showed that the average
horizontal movement of the hyoid bone was 12.55 mm

(standard deviation, 2.59 mm). Considering the fact that
there was a difference of 20% in the horizontal movement
of the hyoid bone with a posture of withdrawn jaw com-
pared to when the jaw was extended, the variation of the
hyoid bone according to the posture of the patients was
assumed to be significant. Thus, the minimum number
of subjects required for outcome measurements in the
movement of the hyoid bone was determined to be 18.
Considering a dropout rate of 10%, 18-20 subjects were
needed to conduct this study. Participants were recruited
using advertisements at the Dong-A University. Twenty
healthy volunteers (11 males and 9 females), with an av-
erage age of 21.4 years, participated in the study. None of
the subjects was on regular medication or had any his-
tory of neurological, phonological, psychiatric, speech,
or swallowing disorders. An informed consent form ap-
proved by the Institutional Review Board at the Kosin
University College of Medicine in the Republic of Korea
(IRB protocol number: 11-44) was completed by each
subject prior to the study. All the subjects were educated
about the study purpose, design, safety and potential
complications.

Electrical stimulation

The skin in the submental and laryngeal regions was
cleaned with alcohol to increase the adherence of the
electrodes to the skin. All male participants were shaved
to improve adherence of the electrodes to the skin. Adult
sized electrodes (VitalStim, REF 59000) with a 2.1 cm
round active area were used. Each participant was fa-
miliarized with the expected sensations upon use of the
surface electrical stimulation unit (VitalStim). The elec-
trical stimulation unit provided two channels of bipolar
electrical stimulation at a pulse rate of 80 Hz and a fixed
biphasic pulse duration of 700 ps. Each channel could be
independently adjusted between 0 and 25 pA of stimula-
tion intensity.

A total of 3 different electrode placements were used
(Fig. 1). In placement I, two sets of electrode pairs were
placed in the suprahyoid and infrahyoid areas (SI) target-
ing the suprahyoid and infrahyoid muscles. In placement
II, two sets of electrode pairs were placed in only the in-
frahyoid area (I0) targeting the thyrohyoid and sternohy-
oid muscles. In placement III, two sets of electrode pairs
were placed vertically in the suprahyoid and infrahyoid
areas (SIV). Before starting a recording, each electrode
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Fig. 1. Different placements of the surface electrodes. (A) Placement I has two pairs of surface electrodes attached to
the suprahyoid and infrahyoid muscles. (B) Placement II has two pairs of electrodes attached to only the infrahyoid
muscles. (C) In placement III, the suprahyoid and infrahyoid muscles receive electrical stimulation from vertically po-
sitioned surface electrodes (the hyoid bone is indicated by a line, and the surface electrodes are indicated by circles).

pair was placed on the skin, and the stimulation intensity
was gradually increased until the participants could feel a
tugging sensation. The intensity level was then increased
further until the participants felt that any additional in-
crease would not be sensed, yielding the maximum toler-
ance level. This maximum tolerance level was used and
recorded for all electrode pairs.

Videofluoroscopic swallowing study

Five milliliters of fluid, containing barium diluted to
1:10 with normal saline, was given to each participant.
Initially, the participant swallowed with no electrical
stimulation and the results were recorded. During swal-
lowing without stimulation, electrodes were placed on
the proper area (SI, IO, SIV). Electrical stimulation was
then applied and the maximum tolerance level was deter-
mined and recorded. After we determined the maximum
tolerance level, participants were asked to start swallow-
ing while in a seated position. Stimulation was initiated
and maintained before, during, and after the swallowing.
For stimulation at rest trials, participants were instructed
not to move and to keep their jaws closed. This was done
to prevent jaw opening because of the proximity of the
surface electrodes to the anterior belly of the digastric
muscle, which overlies the mylohyoid in the suprahyoid
area.

VESS was conducted separately using the 3 electrode
stimulation placements (SI, 10, SIV) and included 6 total
swallows with and without stimulation. To prevent mus-
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cle fatigue, there was a 10-minute rest period between
each trial. All processes were recorded and each video
was trimmed and digitized for motion analysis. The video
recordings were performed to satisfy three conditions.
First, video recordings had to include the time period
when the base of the tongue started pushing the food bo-
lus at the pharyngeal cavity to the point when the tail of
the bolus passed through the cricopharyngeal muscles.
Second, based on the anatomical position, the recording
area included the posterior half of the hard palate ante-
rior, the anterior edge of the lower endplate of the second
and fourth cervical vertebrae at the posterior, the lower
part of the cricopharyngeal muscles at the inferior, and
the hard palate at the superior. Lastly, the videos were
recorded for clear visualization of the movement of hy-
olaryngeal structures.

Kinematic analysis

For motion analysis, recorded videos were trimmed
with the Pinnacle 12.0 program. We digitized the posi-
tion of the anatomical structures and the food bolus us-
ing the Ariel Performance Analysis System (APAS; Ariel
Dynamics Inc., Trabuco Canyon, CA, USA), which we
had previously used for gait analyses, and analyzed the
movement of the anatomical structures and the food
bolus at 30 frames per second. The coordinate axes were
determined as in Fig. 2. The zero point was defined as the
anterior-inferior margin of the fourth cervical vertebral
body. The vertical axis was defined as the straight line
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Fig. 2. The coordinate axes were determined as follows.
The zero point was defined as the anterior-inferior mar-
gin of the fourth cervical vertebral body. The vertical axis
was defined as the straight line connecting the zero point
with the anterior-inferior margin of the second cervical
vertebral body. The horizontal axis was the axis perpen-
dicular to the vertical axis at the zero point. The move-
ments of the hyoid bone (arrow) and vocal cord (arrow
head) were analyzed using these coordinate axes. A, the
zero point; B, the anterior-inferior margin of the second
cervical vertebral body.

connecting the zero point with the anterior-inferior mar-
gin of the second cervical vertebral body. Consequently,
the horizontal axis was perpendicular to the vertical axis
at the zero point. The anterior-inferior margin of the
hyoid bone and the anterior edge of the vocal cord were
marked for the motion analysis on the coordinate axes.
APAS displayed the essential structures of deglutition, in-
cluding the maxillary bone, mandible bone, cervical ver-
tebrae, arytenoids cartilage, epiglottis, hyoid bone, and
vocal cord. The values calculated from these processes
were represented as graphs using MATLAB (MathWorks,
Natick, MA, USA).

Parameter measures

The parameters obtained by kinematic analysis are
horizontal initial point (HIP), the horizontal position of
the structure before swallowing compared to the zero
point; vertical initial point (VIP), the vertical position of
the structure before swallowing compared to the zero
point; horizontal peak point (HPP), the horizontal peak

point of the structure during swallowing; vertical peak
point (VPP), the vertical peak point of the structure dur-
ing swallowing; horizontal distance (HD) and vertical
distance (VD) of the hyoid bone and the vocal cord from
the coordinate axes. The HD was calculated from the
initial point (IP) to the maximally displaced points of the
structures in the vertical axis during swallowing. The VD
was calculated from the initial points to the maximally
displaced points of the structures in the horizontal axis
during swallowing.

Statistical analysis

A paired t-test was used to evaluate the significances of
the measured parameters with and without stimulation.
Values were considered to be statistically significant if the
p-value was less than 0.05. Statistical analyses of all data
was conducted using SPSS ver. 14.0 for Windows (SPSS
Inc., Chicago, IL, USA).

RESULTS

Vertical and horizontal movements of the hyoid bone
and vocal cord with and without electrical stimulation on
the suprahyoid and infrahyoid muscles (SI).

Initially, different results were observed for the move-
ment of the hyoid bone between trials with and without
stimulation during swallowing (Table 1).

The VIP of the hyoid bone showed significantly more
downward displacement with stimulation compared to
without stimulation (p<0.05) and the VD was significantly
larger (p<0.05). The VPP reached almost the same posi-
tion in both trials. The HIP of the hyoid bone showed sig-
nificantly more anterior displacement with stimulation
compared to without stimulation (p<0.05) whereas the
HD was smaller (p<0.05). The HPP was almost the same
in both trials.

Vertical vocal cord movement showed no definitive
differences between trials with and without stimulation
during swallowing (Table 1). However, analysis of hori-
zontal vocal cord movement resulted in some significant
differences in findings. The HIP of the vocal cord showed
significantly more anterior displacement with stimula-
tion compared to without stimulation, and the HPP of
the vocal cord also showed significantly greater anterior
displacement with stimulation (p<0.05). However, the
HD with stimulation was smaller than without stimula-
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Table 1. Vertical and horizontal movements of the hyoid
bone and vocal cord with and without electrical stimula-
tion using electrode placement I (SI)

Table 2. Vertical and horizontal movements of the hyoid
bone and vocal cord with and without electrical stimula-
tion using electrode placement II (I0)

Parameter Withox}t Stimulation p-value Parameter Withm.lt Stimulation p-value
stimulation stimulation

Hyoid bone Hyoid bone
VIP 21.37+7.48 15.30+15.29 0.013* VIP 21.37+£7.48 14.37+13.00 0.012*%
VPP 32.93+7.18 30.89+11.38 0.203 VPP 32.93+7.18 31.04+11.23 0.343
VD 11.56+3.14 15.58+6.99 0.004* VD 11.56%3.15 16.66+7.58 0.007*
HIP -36.16+3.89 -37.92+4.98 0.036* HIP -31.16+3.89 -38.37+5.22 0.007*
HPP -46.41+3.65 -46.75+4.88 0.713 HPP -46.41+3.65 -46.87+5.69 0.589
HD 10.26x2.07 8.831+2.43 0.026* HD 10.26%2.07 8.50+2.41 0.001*

Vocal cord Vocal cord
VIP -11.75%6.78 -11.88+11.97 0.936 VIP -11.75%+6.78 -12.75%+10.93 0.546
VPP 11.58+5.77 12.93+9.82 0.343 VPP 11.58+5.77 11.26+9.18 0.831
VD 23.33+3.02 24.81+7.02 0.225 VD 23.33+3.02 24.01+7.68 0.665
HIP -29.43+3.35 -31.40+3.91 0.005* HIP -29.4343.35 -31.76%4.75 0.005*
HPP -34.63+2.79 -36.28+4.46 0.041* HPP -34.63+2.79 -36.47+5.58 0.068
HD 5.20+1.43 4.87+2.03 0.467 HD 5.20%+1.43 4.70+1.86 0.291

Values are presented as meantstandard deviation.

SI, suprahyoid and infrahyoid areas; VIP, vertical initial
point; VPP, vertical peak point; VD, vertical distance;
HIP, horizontal initial point; HPP, horizontal peak point;
HD, horizontal distance.

*p<0.05, statistical significance was evaluated by paired
t-test.

tion (p<0.05).

Vertical and horizontal movements of the hyoid bone
and vocal cord with and without stimulation on only the
infrahyoid muscles (I0).

Hyoid movement showed different results with and
without stimulation during swallowing (Table 2).

The VIP of the hyoid bone with stimulation showed
significantly more downward displacement compared to
without stimulation (p<0.05) and the VD with stimula-
tion was significantly larger (p<0.05). The VPP reached
almost the same position in both trials. The HIP of the
hyoid bone showed significantly more anterior displace-
ment with stimulation (p<0.05), but the HD with stimula-
tion was smaller (p<0.05). The HPP was almost the same
under both conditions.

Vertical vocal cord movement showed no definitive dif-
ferences with or without stimulation (Table 2). However,
the HIP of the vocal cord showed significantly more ante-
rior displacement with stimulation (p<0.05).

Vertical and horizontal movements of the hyoid bone
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Values are presented as meantstandard deviation.

IO, infrahyoid area only; VIP, vertical initial point; VPP,
vertical peak point; VD, vertical distance; HIP, horizontal
initial point; HPP, horizontal peak point; HD, horizontal
distance.

*p<0.05, statistical significance was evaluated by paired
t-test.

and the vocal cord with and without vertical stimulation
on the suprahyoid and infrahyoid muscles (SIV).

Hyoid movement showed no significantly different re-
sults with and without stimulation during swallowing ex-
cept for the HD of the hyoid (Table 3). However, the VPP
and HPP of the hyoid bone reached the same peak under
both conditions. Vocal cord movement was the same for
all kinematics with or without stimulation. Only the HIP
of the vocal cord showed more anterior displacement
with stimulation than without stimulation (p<0.05).

DISCUSSION

After development of the two-channel electrical stimu-
lation system marketed under the name VitalStim, there
was much debate about its benefits for patients with
dysphagia. Evaluations of its physiological and clinical
effects performed in several studies were inconclusive.
Our study was designed to identify differences in the
movement of the hyoid bone and the vocal cord with
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Table 3. Vertical and horizontal movements of the hyoid
bone and vocal cord with and without electrical stimula-

tion using electrode placement III (SIV)

Parameter Withm.lt Stimulation p-value
stimulation

Hyoid bone
VIP 21.37+7.48 18.05+10.36 0.065
VPP 32.93+7.18 30.90+8.56 0.123
VD 11.56+3.15 12.84+6.45 0.304
HIP -36.16+3.89 -36.98+4.53 0.107
HPP -46.4113.65 -46.48+4.25 0.904
HD 10.26%2.07 9.50+2.39 0.044*

Vocal cord
VIP -11.75+6.78 -11.94+9.82 0.894
VPP 11.58+5.77 11.17+8.35 0.724
VD 23.33+£3.02 23.11+6.40 0.871
HIP -29.43+3.35 -30.87+4.27 0.012*
HPP -34.6312.79 -35.78+4.58 0.135
HD 5.20%+1.43 4.91+2.04 0.614

Values are presented as meantstandard deviation.

SIV, vertically in the suprahyoid and infrahyoid areas;
VIP, vertical initial point; VPP, vertical peak point; VD,
vertical distance; HIP, horizontal initial point; HPP, hori-
zontal peak point; HD, horizontal distance.

*p<0.05, statistical significance was evaluated by paired
t-test.

and without electrical stimulation in normal subjects,
and to clarify physiological differences in swallowing in
both conditions. In addition, we compared the effects
of different arrangements of surface electrodes on the
suprahyoid and infrahyoid muscles. In our study, stimu-
lated swallows had the same peak position for the hyoid
as nonstimulated swallows for all the placements tested
(Fig. 3). Therefore, we can conclude that stimulated swal-
lowing is as safe as nonstimulated swallowing in healthy
individuals.

Leelamanit el al. [10] tested the hypothesis that the
synchronous contraction of the thyrohyoid muscle by
electrical stimulation during swallowing would improve
dysphagia resulting from reduced laryngeal elevation. In
this study, all participants had dysphagia due to reduced
laryngeal elevation and were treated with electrical stim-
ulation for up to 4 hours daily. The results demonstrated
that stimulating synchronous contraction of the thyro-
hyoid muscle using a synchronous electrical stimulator

during swallowing improved hyolaryngeal excursion.
However, this study had several limitations in that it 1)
did not explore the difficulty of specifically targeting the
thyrohyoid without influencing neighboring muscles, 2)
utilized an uncontrolled pretreatment duration, mixed
etiology, age, and was an unblinded study and 3) failed to
report specific data for physiologic findings.

Following the study by Ludlow et al. [12], the theory that
electrical stimulation may depress hyolaryngeal move-
ment at rest for patients with dysphagia is now widely
accepted. However, considerable disagreement remains
on whether electrical stimulation depresses hyolaryngeal
movement during stimulated swallowing in patients with
dysphagia. Based on the conclusions drawn from this
study, we disagree with this point. In our study, the main
outcomes showed an initial downward displacement of
the hyoid bone and different movements of the hyoid
bone with the three placements used for electrical stimu-
lation. The initial positions of the hyoid bone with SI and
I0 showed a downward and anterior displaced position;
a result similar to that of Humbert et al. [11]. During
swallowing, the hyoid bone demonstrated more upward
movement and less movement in the anterior direction
and therefore, reached nearly the same peak position as
the case without electrical stimulation.

Also, when we applied electrical stimulation using SIV,
the hyoid bone movement did not show a significantly
different position with electrical stimulation at rest com-
pared with no electrical stimulation. Moreover, during
swallowing, there were no significant differences in hyoid
movement with and without stimulation. This finding
demonstrated that electrical stimulation usually induces
hyoid bone movement in the inferior direction during the
initial stimulation and is in accord with the results from
Humbert et al. [11]. However, our results during swallow-
ing were different from those of Humbert et al. [11], with
significant reductions in the hyoid bone peak elevation
occurring during stimulated swallowing. Humbert el al.
[11] suggested that stimulated swallowing was less safe
than non-stimulated swallowing. But in our study, stimu-
lated swallows had the same peak position for the hyoid
as did nonstimulated swallows in all the placements
tested. Accordingly, it is clear that stimulated swallowing
was as safe as nonstimulated swallowing in healthy indi-
viduals in this study. This finding demonstrated that the
placement of the electrode with SI or IO was not impor-
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NO STIMULATION

®

Fig. 3. The schematic depiction of
the initial points, peak points and
the movements of the hyoid bone
according to the different place-
ment patterns for the surface elec-
trodes. (A) Placement I involves
two pairs of surface electrodes at-
tached on the suprahyoid and in-
frahyoid muscles. (B) Placement
II involves two pairs of electrodes
attached on only the infrahyoid
muscles. (C) In placement III, the
suprahyoid and infrahyoid mus-
cles receive electrical stimulation
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tant for hyoid bone movement and that both placements
(SI and IO) could induce an initial depression and ante-
rior movement of the hyoid bone.

Pearson et al. [15] evaluated the structural properties of
the suprahyoid muscles and concluded that the geniohy-
oid muscle contributes to the anterior movement of the
hyoid bone, and that the mylohyoid muscle induced su-
perior movement. In our study, anterior movement of the
hyoid bone occurred regardless of electrode placement
(S, 10, SIV). Electrical stimulation of only the infrahyoid
muscles without stimulating the suprahyoid muscles also
induced anterior movement of the hyoid bone. Vocal
cord movement was not significantly different between
cases of electrical stimulation and no electrical stimula-
tion. Only electrode placement with SI resulted in a more
significant anterior movement during stimulated swal-
lowing compared with nonstimulated swallowing.
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from vertically positioned surface
electrodes.

Park et al. [16] referred to the fact that effortful swal-
lowing coupled with electrical stimulation increased the
degree of hyoid elevation in healthy volunteers, but this
effect faded within 2 weeks after treatment. They con-
cluded that motor electrical stimulation of the infrahyoid
muscles with effortful swallowing had a significant effect
on the maximal vertical displacement of the larynx and
used it as a means of resistance training. Also, Nam et al.
[17] investigated the effect of repeated sessions of electri-
cal stimulation therapy on the neck muscles with respect
to the stimulation site by using quantitative kinematic
analysis of VFSSs in dysphagia patients with acquired
brain injury. They concluded that different aspects of hy-
olaryngeal structural movements were increased accord-
ing to the stimulation site utilized, and suggested that
targeted electrical stimulation based on pathophysiology
was necessary. However, neither study conducted a kine-
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matic analysis of the activation of electrical stimulation.
Rather, they evaluated the effects of repeated sessions of
electrical stimulation therapy. Ultimately, our study did
not demonstrate a difference in findings between dif-
ferent electrical placements (SI vs. 10 vs. SIV, data not
shown). Therefore, we conclude that a study of targeted
electrical stimulation is required.

There are several limitations to this study. First, the
sample size was too small. Second, this study was con-
ducted in normal young healthy volunteers. Therefore,
in older healthy volunteers or in patients with dysphagia,
it is possible that the stimulation intensity, the power of
effortful swallowing, and the skin status may be different.
Berretin-Felix et al. [18] suggested that a one-size-fits-
all approach to electrical stimulation as an adjunctive
modality in dysphagia rehabilitation may be misdirected.
They also recommended additional research to modify
the clinical application of electrical stimulation from
patient to patient. Consequently, there is a need to study
patients with dysphagia, of variable age, sex and so on. In
addition, the Swallowing Kinematic Analysis that we used
can be a useful tool for a patient to patient approach.
Third, only 5 mL of fluid was used for VFSS. Logemann
et al. [19] reported that the maximal extent of structural
anterior hyoid movement and laryngeal elevation was
not significantly different with respect to the amount of
fluid. Fourth, we evaluated the swallowing mechanism
by the movement of the hyoid and larynx. Hyolaryngeal
movement was determined as a surrogated value, but
hyolaryngeal elevation aids laryngeal vestibule closure,
which is important for airway protection. Thus, lack of
normal hyolaryngeal elevation during swallowing can
place individuals at risk for aspiration [20]. Thus, it is
worthy of evaluation. Furthermore, we evaluated func-
tional values like penetration and aspiration based on the
New VFSS Scale [21]. The New VFSS Scale was clean in all
participants and was therefore not listed separately in the
results.

In conclusion, our study showed that electrical stimula-
tion caused an initial depression of the hyoid bone, which
reached nearly the same peak position during swallow-
ing in healthy volunteers. The elevation of the hyoid bone
was not dependent on the position of the electrode on
the neck, such as on the infrahyoid or on both the supra
and infrahyoid muscles. The only electrode position that
did not have a significant effect on the movement of the

hyoid bone was the vertical electrode.

Contrary to the results of previous studies, our motion
analysis showed significant elevation of the hyoid bone
during swallowing. Therefore, when used as resistance
training, electrical stimulation during swallowing can be
effective for producing a motor learning effect. In addi-
tion, further studies are necessary to identify the effect of
electrical stimulation according to functional values in
dysphagic patients.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article
was reported.

ACKNOWLEDGMENTS

This study was supported by a grant from the Kosin
University College of Medicine (2013).

REFERENCES

1. Ashford J, McCabe D, Wheeler-Hegland K, Frymark T,
Mullen R, Musson N, et al. Evidence-based systematic
review: oropharyngeal dysphagia behavioral treat-
ments. Part III: impact of dysphagia treatments on
populations with neurological disorders. ] Rehabil Res
Dev 2009;46:195-204.

2. Park CL, O’Neill PA, Martin DF. A pilot exploratory
study of oral electrical stimulation on swallow func-
tion following stroke: an innovative technique. Dys-
phagia 1997;12:161-6.

3. Clark H, Lazarus C, Arvedson J, Schooling T, Fry-
mark T. Evidence-based systematic review: effects of
neuromuscular electrical stimulation on swallow-
ing and neural activation. Am J Speech Lang Pathol
2009;18:361-75.

4. Freed ML, Freed L, Chatburn RL, Christian M. Elec-
trical stimulation for swallowing disorders caused by
stroke. Respir Care 2001;46:466-74.

5. Steele CM, Thrasher AT, Popovic MR. Electric stimula-
tion approaches to the restoration and rehabilitation
of swallowing: a review. Neurol Res 2007;29:9-15.

6. Blumenfeld L, Hahn Y, Lepage A, Leonard R, Belafsky
PC. Transcutaneous electrical stimulation versus tra-
ditional dysphagia therapy: a nonconcurrent cohort

WWW.e-arm.org

543



Sae Hyun Kim, et al.

study. Otolaryngol Head Neck Surg 2006;135:754-7.

7. Kiger M, Brown CS, Watkins L. Dysphagia manage-
ment: an analysis of patient outcomes using VitalStim
therapy compared to traditional swallow therapy.
Dysphagia 2006;21:243-53.

8. Ludlow CL. Electrical neuromuscular stimulation
in dysphagia: current status. Curr Opin Otolaryngol
Head Neck Surg 2010;18:159-64.

9. Matsuo K, Palmer JB. Anatomy and physiology of
feeding and swallowing: normal and abnormal. Phys
Med Rehabil Clin N Am 2008;19:691-707.

10.Leelamanit V, Limsakul C, Geater A. Synchronized
electrical stimulation in treating pharyngeal dyspha-
gia. Laryngoscope 2002;112:2204-10.

11. Humbert IA, Poletto CJ, Saxon KG, Kearney PR, Cru-
jido L, Wright-Harp W, et al. The effect of surface
electrical stimulation on hyolaryngeal movement in
normal individuals at rest and during swallowing. ]
Appl Physiol (1985) 2006;101:1657-63.

12.Ludlow CL, Humbert I, Saxon K, Poletto C, Sonies
B, Crujido L. Effects of surface electrical stimulation
both at rest and during swallowing in chronic pharyn-
geal dysphagia. Dysphagia 2007;22:1-10.

13.Park JW, Kim Y, Oh JC, Lee HJ. Effortful swallowing
training combined with electrical stimulation in post-
stroke dysphagia: a randomized controlled study.
Dysphagia 2012;27:521-7.

14. Leigh JH, Oh BM, Seo HG, Lee GJ, Min Y, Kim K, et al.
Influence of the chin-down and chin-tuck maneuver
on the swallowing kinematics of healthy adults. Dys-

544

WWWw.e-arm.org

phagia 2015;30:89-98.

15. Pearson WG Jr, Langmore SE, Zumwalt AC. Evaluat-
ing the structural properties of suprahyoid muscles
and their potential for moving the hyoid. Dysphagia
2011;26:345-51.

16.Park JW, Oh JC, Lee HJ, Park SJ, Yoon TS, Kwon BS.
Effortful swallowing training coupled with electrical
stimulation leads to an increase in hyoid elevation
during swallowing. Dysphagia 2009;24:296-301.

17.Nam HS, Beom J, Oh BM, Han TR. Kinematic effects
of hyolaryngeal electrical stimulation therapy on
hyoid excursion and laryngeal elevation. Dysphagia
2013;28:548-56.

18. Berretin-Felix G, Sia I, Barikroo A, Carnaby GD, Crary
MA. Immediate effects of transcutaneous electri-
cal stimulation on physiological swallowing effort in
older versus young adults. Gerodontology 2014 Nov
12 [Epub]. http://dx.doi.org/10.1111/ger.12166.

19.Logemann JA, Pauloski BR, Rademaker AW, Colan-
gelo LA, Kahrilas PJ, Smith CH. Temporal and bio-
mechanical characteristics of oropharyngeal swallow
in younger and older men. J Speech Lang Hear Res
2000;43:1264-74.

20. Lundy DS, Smith C, Colangelo L, Sullivan PA, Loge-
mann JA, Lazarus CL, et al. Aspiration: cause and impli-
cations. Otolaryngol Head Neck Surg 1999;120:474-8.

21.Jung SH, Lee KJ, Hong JB, Han TR. Validation of clini-
cal dysphagia scale: based on videofluoroscopic swal-
lowing study. ] Korean Acad Rehabil Med 2005;29:343-
50.



