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Abstract The objectives of this study were to evaluate
the state of tongue pressure production during supraglottic
swallow (SS) and super-supraglottic swallow (SSS) per-
formed by healthy adults, and to investigate the effects of
these swallowing maneuvers on the oral stage of swal-
lowing. The participants were 19 healthy individuals.
Tongue pressure against the hard palate during swallowing
was measured using a tongue pressure sensor sheet system
with five pressure-sensitive points. The tasks comprised
swallowing 5 mL of water by normal wet swallow, SS, and
SSS, and the parameters for analysis were the duration, the
maximal magnitude, and the integrated value of tongue
pressure during swallowing. The duration of tongue pres-
sure was significantly longer at the anterior-median part of
the hard palate during both SS and SSS than with normal
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wet swallow. The maximal magnitude increased signifi-
cantly only at the posterior part of the hard palate during
SS, but at all points during SSS. The integrated value
increased significantly only at the posterior-median part of
the hard palate during SS, but at all points except the mid-
median part of the hard palate during SSS. The maximal
magnitude and integrated value were also significantly
higher at the anterior-median and posterior circumferential
parts during SSS than during SS. These results show that
these two swallowing maneuvers, which are known pri-
marily as techniques to protect the airway, also function to
strengthen the tongue pressure produced by the contact
between the tongue and the hard palate during swallowing
and this effect is more pronounced during SSS.

Keywords Supraglottic swallow - Super-supraglottic
swallow - Swallowing - Tongue - Pressure - Dysphagia -
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Introduction

Supraglottic swallow (SS) and super-supraglottic swallow
(SSS) are swallowing maneuvers that prevent the aspiration
of food or liquid by closing the airway before swallowing
[1]. These methods involve holding one’s breath to close
the airway prior to swallowing, followed by coughing
voluntarily immediately after swallowing to clear any
residual food or liquid from the airway entrance. The dif-
ference between these two swallowing techniques lies in
the degree of effort involved during breath-holding prior to
swallowing: in SS, the breath is held without effort,
whereas in SSS, a greater effort is exerted during breath-
holding. The mechanism of action of these two maneuvers
has previously been studied using videoendoscopy (VE) [2,
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3], videofluorography (VF), and manometric measurement
[4-6], and a previous study [7] has reported that SS and
SSS affect not only airway closure but also hyoid bone and
laryngeal movement. However, most reports have focused
on the status of airway closure and kinetic changes during
the pharyngeal stage of swallowing; there have been few
studies that observed tongue movement in detail during the
oral stage of swallowing [8].

The mechanism of bolus transfer is reported to depend
on the oropharyngeal propulsion pump and the hypo-
pharyngeal suction pump, which act together in a syn-
ergistic and elaborate manner [9]. According to Shaker
et al. [10], intraoral pressure is generated from the
anterior to the posterior during swallowing, and the
tongue pressure generated by contact between the tongue
and the palate provides the largest force that propels the
bolus from the mouth to the pharynx. An evaluation of
tongue pressure against the hard palate with SS and SSS
during the oral stage of swallowing may therefore pro-
vide valuable information for elucidating the mechanism
of action of the swallowing movements involved in these
maneuvers.

On the grounds that the measurement of tongue pres-
sure may be a useful method of evaluating tongue
movement, tongue pressure measuring devices have been
developed and used in a number of studies on tongue
pressure [11-18]. The sensor sheet system for measuring
tongue pressure, developed by Hori et al. [19], uses an
extremely thin sensor sheet (thickness ~0.1 mm) that can
be applied directly to the palatal mucosa, enabling the
measurement of tongue pressure that better reflects
physiological conditions. Tamine et al. [20] used this
sensor sheet system to measure tongue pressure and
reported the normal pattern of tongue pressure production
during swallowing in healthy young and elderly volun-
teers. It has also been used to analyze tongue movements
in patients with dysphagia, with Hirota et al. [21] and
Konaka et al. [22] reporting on the relationship between
dysphagia and tongue pressure production in stroke
patients. This sensor sheet has also been used to elucidate
the characteristics of tongue pressure production during
various types of swallowing, such as chin-down posture
[23], effortful swallow and the Mendelsohn maneuver
[24], and tongue-hold swallowing [25].

The sensor sheet system for measuring tongue pressure
thus may be useful for evaluating tongue movements dur-
ing SS and SSS. In this study, this sensor sheet system was
used to evaluate the characteristics of the state of tongue
pressure production during SS and SSS performed by
healthy adults, and the effects of these swallowing
maneuvers on the oral stage of swallowing were
investigated.
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Materials and Methods
Participants

The participants were 19 healthy young staff members of the
University of Zurich Dental School (13 females, 6 males;
mean age = 25.9 + 6.6 years, age range = 17-40 years)
with no subjective or objective temporomandibular joint
problems, eating difficulties, or dysphagia. The content of
the study was explained in writing, and informed consent
was obtained from all participants. This experimental pro-
tocol was approved by the Ethics Committees of Osaka
University and the University of Zurich.

Tongue Pressure Measurement

Tongue pressure was measured with the Swallow Scan
System (Nitta Corporation, Osaka, Japan) (Fig. 1). The
tongue pressure sensor sheet in this system forms a T shape
that follows the curve of the palatal surface. It is extremely
thin (~0.1 mm thick) and thus poses no impediment to the
measurement of physiological swallowing [26]. Depending
on the size of the palate of the subject, a small, medium, or
large sensor sheet was selected and attached to the palate
with a sheet-type denture adhesive (Touch Correct II,
Shionogi, Osaka, Japan). None of the subjects reported any
gagging sensation during the experiment. The tongue
pressure sensor sheet incorporates pressure-sensitive points
at five locations regarded as necessary for measuring ton-
gue pressure during swallowing: the anterior-median part
of the hard palate (Ch. 1), the mid-median part of the hard
palate (Ch. 2), the posterior-median part of the hard palate
(Ch. 3), the right posterior-circumferential part of the hard
palate (Ch. R), and the left posterior-circumferential part of
the hard palate (Ch. L). The production of tongue pressure
at each channel was recorded in temporal sequence. The
position where pressure was applied was determined using
the incisive papilla and hamular notch as anatomical
landmarks. Ch. 1 was positioned 5 mm posterior to the
incisive papilla. Ch. 2 was positioned one-third of the way
from the incisive papilla along the midline perpendicular to
the line joining the bilateral hamular notches. Ch. 3 was
positioned two-thirds of the way from the incisive papilla
along the same line. Ch. R and Ch. L were positioned two-
thirds of the way from the incisive papilla along the lines
joining the incisive papilla and the left and right hamular
notches. The wires from the sensor sheet were passed out
of the mouth through the oral vestibule, so as not to
interfere with occlusion, and connected to a personal
computer.

Before starting tongue pressure measurements, a vac-
uum pump was used to apply a specific negative pressure
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Fig. 1 a Swallow scan system for measuring tongue pressure with a sensor sheet. b The sensor sheet (three sizes). ¢ The original sensor sheet for
measuring tongue pressure at five measuring points (Chs. /-3, R and L) attached to the palatal mucosa with a sheet-type denture adhesive

via the air duct provided at the exit of the tongue pressure
sensor sheet for calibration of the pressure-sensitive points.
During measurements, participants were seated in an
upright position with their heads immobilized by a head-
rest. The Frankfort plane was parallel with the floor, and
the participants’ feet were touching the floor. The sampling
frequency was 100 Hz.

Procedures

The measurement tasks comprised normal wet swallow,
SS, and SSS; for all three swallow types, the participants
were asked to swallow 5 mL of water at room temperature.
For SS, a syringe was used to inject 5 mL of water onto the
floor of the oral cavity, after which participants were
instructed to “Breathe through your nose, then hold your
breath lightly before and during swallowing. Cough
immediately after you finish swallowing.” For SSS, a
syringe was used to inject 5 mL of water onto the floor of
the oral cavity, after which participants were instructed to
“Breathe through your nose, then hold your breath as
strongly as you can before and during swallowing. Cough
immediately after you finish swallowing.” Participants
were told to put the palms of their hands together in front
of their chest and press them hard against each other while
they held their breath [1]. They practiced the different
swallowing techniques thoroughly before the measure-
ments were taken. A total of nine measurements were
made, three times each for normal wet swallow, SS, and
SSS, which were performed in random order.

Statistical Analysis

The tongue pressure waves obtained (Fig. 2) were used to
analyze the duration, the maximal magnitude, and the inte-
grated value of tongue pressure during swallowing at each
pressure-sensitive location (Fig. 3). The duration of tongue
pressure was defined as the time from onset to offset of tongue
pressure, the maximal magnitude of tongue pressure during
swallowing was defined as the maximal value of tongue
pressure that appeared during the time from onset to offset,
and the integrated value of tongue pressure was defined as the
integrated value that appeared during the time from onset to
offset. The mean value of each parameter for every pressure-
sensitive point was calculated for each subject. The intraclass
correlation coefficient of these three values for each subject
was greater than 0.8, which meant that intraindividual dif-
ferences were small enough to use the mean value as the
representative value for each subject. Friedman’s test was
used to compare these analysis parameters between different
measurement tasks, and if a significant difference was evi-
dent, multiple comparison was then performed using Wilco-
xon’s signed rank-sum test, with the level of significance
corrected according to Bonferroni’s inequality. PASW Sta-
tistics 18 (SPSS, Chicago, IL) was used for statistical pro-
cessing, and the level of significance was 5 % in all cases.

Results

Table 1 gives the duration, maximal magnitude, and inte-
grated value of tongue pressure during swallowing recorded
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Fig. 2 Comparison of the patterns of pressure generation obtained during three swallow tasks. a Normal wet swallow. b Supraglottic swallow.

¢ Super-supraglottic swallow

at each channel during each measurement task as the
mean =+ standard error, and (Figs. 4, 5, 6) show a compar-
ison among the different measurement tasks of the duration,
maximal magnitude, and integrated value of tongue pressure
during swallowing recorded at each channel.

Duration of Tongue Pressure during Swallowing

The duration of tongue pressure during swallowing was
significantly longer at the anterior-median part of the hard
palate (Ch. 1) during both SS and SSS than during normal

wet swallow.

Maximal Magnitude of Tongue Pressure
during Swallowing

The maximal magnitude of tongue pressure during swal-
lowing increased significantly during SS compared with
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normal wet swallow at the posterior part of the hard palate
(Chs. 3 and R). It increased significantly at all channels
during SSS. The maximal magnitude of tongue pressure
during swallowing also increased significantly at channels
1, R, and L during SSS compared with SS.

Integrated Value of Tongue Pressure
during Swallowing

The integrated value of tongue pressure during swallowing
showed a tendency to increase during SS compared with
normal wet swallow at all channels, but this increase was
significant only at the posterior-median part of the hard
palate (Ch. 3). It increased significantly at the anterior-
median and posterior parts of the hard palate (Chs. 1, 3, R,
and L) during SSS. The integrated value of tongue pressure
during swallowing also increased significantly at channels
1, R, and L during SSS compared with SS.
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Fig. 3 Representative waves of tongue pressure during normal wet
swallow and items for evaluating the state of tongue pressure
production

Table 1 Mean values and standard errors for each tongue pressure
measurement at Chs. 1-3, R, and L during three swallow tasks

Task Channel Duration (s) Maximal Integrated value
magnitude (kPa) (kPa x s)
NS Ch. 1 0.39 £ 0.07 94 +£26 30+1.2
Ch. 2 0.53 £ 006 95+22 394+ 13
Ch. 3 027 £005 75+£19 1.8 £ 0.6
Ch. R 0.55 £ 0.05 13.6 £26 40+ 15
Ch. L 058 £0.04 112+1.7 31+0.7
SS Ch. 1 047 £ 0.07 10.8 £25 41+ 1.6
Ch. 2 0.55 +£0.07 114 +£26 51 +£138
Ch. 3 0.30 £ 0.05 102 £2.5 29+ 1.1
Ch. R 0.62 £ 0.07 16.6 £2.9 49+ 15
Ch. L 0.63 £ 0.07 13.5+£20 3.8 +0.8
SSS Ch. 1 0.51 £ 0.06 143 +£2.8 49+ 13
Ch. 2 0.52 £0.05 13.0+24 47+ 1.2
Ch. 3 0.30 £ 0.04 11.6 £23 2.6+ 0.7
Ch. R 0.61 &£ 0.05 204 £ 35 63+ 138
Ch. L 0.65 £ 0.05 17.0 £25 5.1 £1.0

NS normal wet swallow, SS supraglottic swallow, SSS super-supra-
glottic swallow

Discussion

This is the first study to evaluate the characteristics of the
state of tongue pressure production during SS and SSS.
Previous studies of the physiological effects of these
maneuvers have involved only the use of VE to observe the
status of supraglottic closure and the use of VF or
manometry to assess pharyngeal contraction [2-6], and

very few studies have investigated tongue movements
during swallowing [8, 27]. In this study, the duration of
tongue pressure during SS was significantly prolonged at
the anterior-median part of the hard palate when compared
with that during the normal wet swallow (Ch. 1). The
maximal magnitude of tongue pressure during swallowing
showed a tendency to increase at all channels during SS,
with this increase being particularly significant at the
posterior part of the hard palate (Chs. 3 and R). Kahrilas
et al. [28] reported that contact between the anterior part of
the tongue and the palate constitutes the anchor for tongue
movements, and it is important for bolus maintenance and
propulsion. The prolonged contact between the anterior
tongue and hard palate observed in the present study likely
indicates the reinforced anchoring function of the tongue,
which in turn can lead to increased tongue pressure gen-
erated at the posterior part of the palate.

The duration of tongue pressure was also significantly
longer at the anterior-median part of the hard palate (Ch. 1)
during SSS than during normal wet swallow, in the same
way as during SS. An increase in the maximal magnitude
of tongue pressure during swallowing, which was not sta-
tistically significant during SS, was significant at all
channels during SSS, and the integrated value of tongue
pressure was also significant at all pressure-sensitive
locations except Ch. 2. When SS and SSS were compared,
the maximal magnitude and integrated value of tongue
pressure during swallowing were also significantly higher
at Chs. 1, R, and L during SSS than during SS. This shows
that the greater effort exerted in breath-holding by pressing
the palms together further increased the degree of biome-
chanical changes that occurred during SS [29]. It has been
believed that the main physiological effects of SS and SSS
are airway protection and improved pharyngeal function,
but the present results suggest that these maneuvers may
also improve tongue—palate contact during swallowing.

In previous studies of SS and SSS, Mendelsohn et al. [2]
and Donzelli et al. [3] reported that bearing down harder
when performing SS results in more reliable closure of the
glottis. According to Bulow et al. [4], there was no differ-
ence in swallowing movements or swallowing pressure
between normal wet swallow and SS performed by healthy
individuals. This research team also carried out a compari-
son within a patient population and found that even among
patients, there was no difference between normal wet
swallow and SS in the maximal swallowing pressure,
duration of swallowing pressure [5], or the frequency of
laryngeal penetration or aspiration [6]. Ohmae et al. [7]
found that early closure of the larynx and prolongation of the
duration of hyoid and laryngeal excursion were evident in
both SS and SSS performed by healthy individuals, and that
these findings were more pronounced during SSS. Many
such studies comparing SS and normal wet swallow during
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Fig. 4 Comparison of the
duration of tongue pressure
during three swallow tasks
measured at five different
points. NS normal wet swallow,
SS supraglottic swallow, SSS
super-supraglottic swallow

Fig. 5 Comparison of the
maximal magnitude of tongue
pressure during three swallow
tasks measured at five different
points. NS normal wet swallow,
SS supraglottic swallow, SSS
super-supraglottic swallow

Fig. 6 Comparison of the
integrated value of tongue
pressure during three swallow
tasks measured at five different
points. NS normal wet swallow,
SS supraglottic swallow, SSS
super-supraglottic swallow
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pharyngeal swallowing have found no difference between  consistent with the results of the present study. The maximal
the two, and SSS is regarded as more effective in producing ~ magnitude of tongue pressure during swallowing did
greater biomechanical changes than SS. These findings are ~ increase during SS, but this increase was statistically
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significant only at limited sensor locations, whereas during
SSS, the maximal magnitude of tongue pressure during
swallowing increased significantly across the entire palate.
This suggests that the use of SSS is more effective for reli-
ably increasing tongue pressure production.

The integrated value of tongue pressure increased sig-
nificantly during SSS compared with that during normal
wet swallow. This indicates that the tongue performs a
greater amount of work during SSS, meaning that this
swallowing technique may also function as a tongue
strengthening exercise. Yet, due to the relative complexity
and physical burden of this maneuver, such a possibility
will be a subject for future research.

In the present study, the maximal magnitude of tongue
pressure during swallowing was smaller than that reported in
previous studies that used other tongue pressure measurement
systems [13, 30]. This may be due to the different measuring
systems in each experiment and the tongue behavior of each
subject. The present sensor sheet system has a rated capacity
of 70 kPa and a measuring accuracy of 0.27 kPa [31].
Therefore, it can be used to measure a wide range of tongue
pressure, and the value of the maximal magnitude of tongue
pressure during swallowing obtained in the present study can
occasionally be found in healthy subjects.

Because the sensor sheet system for measuring tongue
pressure used in the present study cannot directly measure
the pharyngeal pressure generated between the base of the
tongue and the pharyngeal wall, a limitation of this study
was that there were no findings related to the mode of
pressure propagation during swallowing maneuvers or the
relationship between the oral and pharyngeal pressure
events. If it were possible to use the sensor sheet system for
measuring tongue pressure simultaneously with manometry
or VF measurements to evaluate these swallowing
maneuvers, this would make it easier to elucidate the mode
of pressure propagation from the mouth to the pharynx.
The participants in the present study were also healthy
young adults, and measurements of elderly people and
patients with dysphagia are required to investigate the
effects of SS and SSS on tongue movement.
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