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Abstract We tested the effects of surface electrical
stimulation on hyoid elevation during swallowing in heal-
thy volunteers. Sixteen people were recruited and randomly
divided into two groups. Electrical stimulation was applied
to the skin above the infrahyoid muscle in the experimental
group. The stimulation current was adjusted until muscle
contraction occurred and the hyoid bone became depressed.
Participants were asked to swallow forcefully so as to
elevate the hyolaryngeal complex when the stimulation
began. The same experiment was performed in the control
group except the intensity of stimulation was adjusted to
just above the sensory threshold. The two groups received
ten 20-min treatments over 2 weeks. We recorded the
myoelectrical activity of the submental muscles and the
amount of hyoid bone movement at three time points
(pretreatment, immediately post-treatment, and 2 weeks
after treatment). In the experimental group, the amount of
y-axis hyoid bone excursion was increased immediately
post-treatment, but this effect faded within 2 weeks fol-
lowing the treatment. Myoelectrical activity was not
affected by either treatment regimen. We concluded that
effortful swallowing coupled with electrical stimulation
increases the degree of hyoid elevation in healthy volun-
teers. It needs to be evaluated for its long-term
effectiveness in increasing the elevation of hyolaryngeal
complex.
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Transcutaneous electrical stimulation is a novel treatment
for dysphagia. The first study regarding this kind of treat-
ment was published in 1997 and investigated the triggering
of the swallowing reflex by oral electrical stimulation
when a palatal prosthesis was applied [1]. Freed et al. [2]
reported a new treatment for dysphagia consisting of
transcutaneous electrical stimulation applied through
electrodes placed on the neck. They compared the effec-
tiveness of electrical stimulation treatment with that of
thermal-tactile stimulation treatment and concluded that
electrical stimulation was the more effective of the two.
Another study showed that synchronized electrical stimu-
lation improved the contraction of the thyrohyoid muscle
and led to laryngeal elevation, an essential step in opening
the cricopharyngeal sphincter [3].

There has been some controversy in recent studies
over the efficacy of electrical therapy for dysphagia.
Some reports provide positive outcomes for this therapy
type within a certain population or individual, while
others do not. Blumenfeld et al. [4] reported that patients
who received 40 consecutive electrical stimulations
showed a significant improvement in their swallowing
function compared to those who had received traditional
dysphagia therapy. Another retrospective analysis showed
an improvement in swallowing function in 61% of
patients who received transcutaneous electrical stimula-
tion [5]. On the other hand, two different studies [6, 7]
that compared the outcome of neuromuscular electrical
stimulation (NMES) versus traditional swallowing
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treatments showed no additional improvement in the
NMES treatment group.

Many researchers have attempted to determine the
effects of transcutaneous electrical stimulation on the
physiology of swallowing, but little is known in this regard.
Suiter et al. [8] failed to produce evidence of an increase in
submental muscle strength after NMES. Another study
showed that surface electrical stimulation to the laryngeal
regions caused significant hyoid and laryngeal descent at
rest and reduced hyoid and laryngeal peak elevation during
swallowing in healthy adults [9]. The authors suggested
that in those patients who had the ability to raise their
hyolaryngeal complex, hyoid depression with stimulation
might serve as “resistance” during therapy. On the other
hand, if a patient was unable to produce any hyolaryngeal
elevation and therefore would not be able to resist the
hyoid depression induced by stimulation, then stimulation
might put such a patient at greater risk of aspiration as the
hyolaryngeal complex would remain held down during
swallowing [10]. Thus, the mechanism underlying electri-
cal stimulation therapy is unclear.

Base on the findings of Ludlow et al. [10], we used
electrical stimulation as a form of resistance training to
increase hyoid elevation in healthy volunteers. This rep-
resents a different approach from the existing method of
electrical stimulation. We thus tested the effect of a novel
method of electrical stimulation therapy with the intention
of providing an alternative treatment mechanism for
dysphagia.

Materials and Methods
Subjects

Sixteen healthy volunteers between the ages of 21 and
30 years were recruited for this study from December 2006
to January 2007 and randomly assigned into two groups.
They were all examined by a physician and a speech-lan-
guage pathologist. Our volunteers were free from
neurologic, phonologic, psychiatric, speech, and swallow-
ing disorders. This study was approved by the Institution
Review Board and informed consent was obtained from
every volunteer. The average age of the study group was
26.3 £ 2.4 years (8 males and 8 females). The general
characteristics of the participants are given in Table 1.

Procedures

This study was designed as a single-blind, randomized,
controlled study and was scheduled for a total of 4 weeks.
Before stimulation therapy, we obtained baseline data for
submental muscle electrical activity during swallowing by
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Table 1 General characteristics of the participants of the study
Experimental Control group p value
group (n = 8) (n=28)
Age (years) 26.6 £2.3 26.1 £2.5 NS
(24-30)* (21-29)*
Gender NS
Male 4 4
Female 4 4
Stimulation 438 +£1.33-7)7" 2.00+0(2-2)" <0.05
intensity
(mA)

NS Not significant

* Values are the mean £ SD; numbers in parentheses are (minimum -
maximum)

using surface electromyography (SEMG). Hyoid bone
excursion was also measured by videofluoroscopy (VES).
Electrical stimulation therapy was then applied to the
participants over 2 weeks, which was followed by SEMG
and VFS to evaluate the therapeutic effects of electrical
stimulation. During the final 2 weeks of the study the
participants received no treatment after which the last set
of SEMG and VFS data was gathered to determine the
long-term effects of electrical therapy.

Electrical Stimulation

Electrical stimulation was performed using the Microstim®
(Medel GmbH, Hamburg, Germany) which is a two-
channel functional electrical stimulation device for neuro-
muscular rehabilitation, especially where activation of
paralyzed muscles after stroke is concerned. Two sets of
electrodes were placed in the infrahyoid area targeting the
sternohyoid muscles (Fig. 1). A pulse rate of 35 Hz for
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Fig. 1 The placement of surface electrodes on the neck. All surface
electrodes were placed below the hyoid bone
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600 ps was used. The “on” and “off” stimulation cycle
ratio was 6:4 s. In the control group, the intensity of
stimulation was adjusted until the participants felt a tin-
gling sensation in the neck. In the experimental group, the
intensity of stimulation was increased until muscle con-
traction was visible. All participants received one 20-min
treatment each weekday for a total of ten 20-min treat-
ments over 2 weeks. Participants were asked to forcefully
swallow 2 ml of water every 10 s during the “on” stimu-
lation so as to elevate the hyolaryngeal complex. Between
two 10-min treatments, a 2-min rest period was allowed for
all participants so as to avoid muscle fatigue.

Surface Electromyography

The surface EMG signal was obtained using a Medelec-
Synergy instrument (Oxford Instruments, Surrey, UK). The
active electrodes were placed on the anterior bellies of the
digastric muscle with the reference electrodes on the
mentis. The peak amplitude and area of the EMG signal
were measured three times during forceful swallowing of
2 ml of water (sweep speed = 3 s; amplitude sensitiv-
ity = 100 pV). To facilitate consistent electrode placement
for the three recordings, we marked the points of stimu-
lation on the submental area.

Videofluoroscopy

A videofluoroscopic swallowing study was performed for
analysis of hyoid bone movement. Participants sat upright
and their heads were stabilized and immobilized with the
examiner’s hands. A 1.5-m distance from the X-ray tube to
the head was maintained. Participants were asked to
forcefully swallow 2 ml of 35% barium (w/v) three times.
Videofluoscopic images of a lateral view were directly
captured by using a digital Picture Archiving and Com-
munication System (PACS). The capture rate was 30
frames/s and the frame size was 1,021 x 1,021 pixels.

Hyoid Bone Movement Analysis

We used a PiView STAR program (Infinitt Co., Ltd.,
Seoul, Korea) for analysis of hyoid bone movement. When
we identified a point with the cursor, the program showed
its coordinate using a pixel location (Fig. 2). We deter-
mined the anterior inferior corner of the forth vertebra as
the origin and measured the x and y coordinates of the
anterior tip of the hyoid bone twice (when the hyoid bone
reached the superior and inferior positions during swal-
lowing). We calculated the difference between the x and y
coordinates of the superior and inferior positions. The
distance between pixels was 0.184 mm.
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® The origin

Fig. 2 The PiView STAR program for hyoid bone movement
analysis shows x and y coordinates of one point using pixel location

Statistical Analysis

The following measurements were obtained for comparison
pretreatment, immediately post-treatment, and 2 weeks
after treatment cessation: SEMG amplitude, sSEMG area, x-
axis values, and y-axis values of the hyoid bone. For paired
nonparametric variables analysis, the Wilcoxon signed
rank test was used (x = 0.05), and was performed with
SPSS v12.0 (SPSS, Inc., Chicago, IL, USA).

Results

Table 2 gives the change in SEMG peak amplitude over
4 weeks. Following forceful swallowing training, the
peak amplitude of the SEMG immediately post-treatment
increased compared with the baseline data in six of eight
subjects in the experimental group, but these responses
were not statistically significant (p = 0.123). The sEMG
signals 2 weeks after treatment cessation showed a sim-
ilar outcome. In the control group, there was no
significant difference between the peak amplitudes of the
SsEMG signals regardless of when the data were gathered.
Also, there was no significant difference between pre-
and post-treatment SEMG signals in either group, indi-
cating that myoelectrical activity was not affected by the
treatment.
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Table 2 The peak amplitude of Experimental group (1tV)

Control group (LV)

the sSEMG
Subject Week 0 Week 2 Week 4 pvalue Subject Week O Week2 Week4 p value
A 1045.0 1049.2 1746.9 1 265.8 155.3 211.7
B 638.0 780.3 969.7 2 205.0 214.2 208.6
C 223.9 263.3 319.5 3 337.5 266.7 470.6
D 667.8 580.8 310.6 4 554.1 364.2 642.5
E 379.2 507.2 450.5 5 247.5 218.6 375.8
F 285.6 425.6 434.1 6 283.0 239.7 252.8
G 303.1 417.2 452.2 7 190.3 220.8 228.1
H 388.0 337.0 354.9 8 241.3 265.6 309.4
NS NS
NS Not significant
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Fig. 3 The degree of x- and y-axis movement of the hyoid bone. a X-
axis movement in the experimental group. b X-axis movement in the
control group. ¢ Y-axis movement in the experimental group. d Y-axis
movement in the control group

In the case of hyoid movement, increased elevation just
after 2 weeks of treatment was observed only in the
experimental group. This elevation involved no forward
hyoid movement. However, the effects faded within
2 weeks following treatment. Figure 3 shows the degree of
x- and y-axis movement of the hyoid bone. There was no
significant difference in the degree of x-axis movement in
either group pretreatment, immediately post-treatment, and
2 weeks after treatment. However, in the experimental
group, the amount of y-axis hyoid bone excursion was
increased immediately post-treatment. This movement,
however, could not be maintained for the 2 weeks fol-
lowing treatment. There was no significant difference in the
control group.

dysphagia is gaining in popularity, the mechanism whereby
it affects swallowing remains unclear. The findings of the
present study contribute to our understanding of how
electrical stimulation affects swallowing physiology.

Upward and superior movement of the larynx is an
important aspect of swallowing. It is very closely related to
airway protection and decreased laryngeal elevation causes
aspiration [11]. Opening of the upper esophageal sphincter
also results from the traction generated by the anterior
movement of the larynx [12].

The premise of this study was based on the findings of
Ludlow et al. [10], i.e., electrical stimulation applied to the
anterior neck results in decreased hyolaryngeal excursion.
Evidence in the research literature indicates that resistance
exercises are effective for strength training [13]. Individ-
uals with decreased hyolaryngeal excursion during
swallowing presumably have weak muscles. Therefore, we
used electrical stimulation to provide resistance against
hyolaryngeal excursion hypothesizing that it would lead to
an increase in hyoid movement and a strengthening of the
muscles involved in hyoid movement.

Participants in the experimental group trained their
submental muscles by elevating their hyoid against the
downward movement induced by electrical stimulation
(the current intensity was also raised to induce downward
movement). In the first 2 weeks of training, hyoid
movement was enhanced but this enhancement did not
last an additional 2 weeks without exercise. It usually
takes at least 4 weeks for muscle hypertrophy to occur
and so the strength gained during the early training
period might be explained by the neural factor theory
[14]. Two weeks of muscle unloading results in the loss
of strength via the mechanism of neural adaptation [15].
These theories may offer a possible explanation for our
results.
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However, our sSEMG signal findings did not support the
neural factor theory. In this study, six participants in the
experimental group actually increased their SEMG ampli-
tudes just after treatment, although the increases were not
statistically supported. One possible explanation for our
findings could lie in our method of effortful swallow.
According to Huckabee et al. [16], how one performs the
effortful swallow affects pharyngeal pressure and sub-
mental SEMG. If tongue-to-palate is not emphasized during
execution of effortful swallowing, the amplitude of the
submental SEMG cannot be increased. This factor could
have affected our results. Another possible reason is that
we could not measure the activity of all the muscles
involved in hyoid elevation. The muscles that elevate the
hyoid bone consist of the mylohyoid, geniohyoid, and
anterior bellies of the digastric muscle. However, we
placed the recording electrodes on only the anterior bellies
of the digastrics, which are superficially located, and could
record signals only from those. So, it is possible that our
data did not reflect the effects of training.

There are conflicting views about the physiologic effect
of effortful swallowing as a means of altering pharyngeal
pressure in bolus swallowing. Hind et al. [17] documented
that effortful swallowing of a thin liquid bolus resulted in
increased oral pressure and increased duration of maximal
anterior hyoid excursion, laryngeal vestibule closure, and
extent of superior hyoid movement, with a trend toward
oral bolus clearance. However, Biilow et al. [18] docu-
mented a decreased hyomandibular distance before
swallowing and reduced hyoid movement during swal-
lowing in nonimpaired subjects. In our study, effortful
swallowing training without motoric electrical stimulation
did not increase either SEMG activity or hyoid excursion
compared to the baseline data.

The present study has several shortcomings. First, the
sample size was too small. We randomly assigned the
participants and used statistical analysis for nonparametric
valuables, but the limitation still remained. Second,
because we did not measure laryngeal movement, we could
report on the elevation of the hyoid rather than the hyola-
ryngeal complex. We did not measure the cross-sectional
area of the submental muscles that would have reflected
muscle hypertrophy, and we did not measure real strength
using a force transducer. Therefore, we could not claim that
submental muscle strength increased. These limitations
should be addressed in a subsequent study. Third, this
treatment protocol was applied to young healthy people
rather than patients with dysphagia. As a result it is difficult
to extrapolate our findings to account for such patients.
Therefore, clinical studies with patients suffering from
dysphagia are required.

In conclusion, effortful swallowing coupled with elec-
trical stimulation increases the degree of hyoid elevation in
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healthy volunteers. However, it needs to be evaluated for
its short-term and long-term effectiveness in increasing
hyoid and laryngeal elevation and improving swallowing
safety in patients with dysphagia.
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