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Abstract

Objective: We monitored swallows before and after the ‘humming swallow’
and the ‘forehead exercise’ in dysphagia patients and evaluated whether these
maneuvers were effective.

Design: For the ‘humming swallow’, a modified version of the supraglottic
swallow, the subject was instructed to inhale and hum before a swallow. For
the forehead exercise, the subject was instructed to place his palm firmly on
his forehead and push his forehead against his hand strongly. Each patient
performed the maneuvers sequentially. The breathing-swallowing coordination
and kinetics of swallowing were measured before and after each maneuver and
during the humming swallow.

Results: Choking was observed in 13 of 30 patients before the forehead
exercise but only observed in two patients after the maneuver. The frequencies
of inspiration before swallowing and inspiration after swallowing were greater
when swallowing was accompanied by choking. In the humming swallow, the
frequency of inspiration after swallowing tended to increase.

Conclusion: None of the parameters associated with swallowing kinetics
showed significant changes during the two maneuvers. The humming swallow
maneuver may increase the frequency of inspiration after swallow, so caution
should be exercised when this technique is applied to patients with food residues
in the pharynx.

Keywords: Deglutition disorders; Supraglottic swallow; Humming swallow;
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Abbreviations

E-SW: Expiration-Swallow; I-SW: Inspiration-Swallow; SW-E:
Swallow-Expiration; SW-I: Swallow-Inspiration; LRT: Laryngeal
rising time; LAD: Laryngeal activation duration

Introduction

Respiration after swallowing is usually followed by expiration,
which could be an airway protective mechanism, as expiration
can prevent the inhalation of residual material left in the pharynx
after swallowing [1]. Indeed, it has been reported that Parkinson’s
disease patients with decreased swallowing safety, as measured by
the penetration-aspiration scale, tend to inspire after swallows (SW-
I pattern) and tend to have shorter swallowing apnea duration [2].
Recently, we developed a swallowing monitoring device that can
detect the laryngeal motion and evaluate the coordination between
breathing and swallowing [3]. Comparing the kinetics of swallowing
between healthy elderly subjects and patients with dysphagia, we
found that the prolongation of ‘swallowing latency’ (interval between
the onset of respiratory pause and the onset of swallowing) leads to
delayed timing of the swallow and results in an increase in the SW-I
pattern in patients with dysphagia [4].

Here, we evaluate the effects of two new maneuvers by analyzing

the coordination between breathing and swallowing and the timing
of swallowing within the respiratory cycle. The first maneuver is the
‘humming swallow’, a modified version of the supraglottic swallow
maneuver. In the supraglottic swallow maneuver, each subject is
instructed to inhale and hold his breath before and during swallowing
and to exhale after swallowing [5]. Therefore, the subject is expected
to swallow at a high lung volume and naturally resume his respiration
with expiration after swallowing, which would reduce the chance
of aspiration. However, it is difficult to objectively confirm when
someone is holding their breath, and thus, it is difficult to judge
whether the subject followed the instructions. In about half of healthy
subjects, the vocal folds are not fully closed when they try to follow
the ‘easy’ breath-holding instructions [6,7]. In the humming swallow,
the subject is instructed to hum while swallowing instead of holding
is breath. Humming induces vocal fold adduction, thereby securing
the airway closure to prevent aspiration. The humming swallow has
an additional benefit of clearing the food residue from the airway.
However, humming decreases lung volume, which could deteriorate
the breathing-swallowing coordination.

The second maneuver is the forehead exercise. The head-lifting
exercise protocol known as the Shaker exercise consists of isometric
and isotonic exercises to strengthen the suprahyoid muscles.
However, since the head-lifting exercise requires the physical ability
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Figure 1: A schema illustrating the study protocol.

to lift the subject’s own head, its use for the elderly population may be
limited [8]. To overcome this limitation, alternative exercises, aiming
at the same goal, have been devised [8-10]. One of the authors (I.F.)
has also invented an exercise to strengthen the suprahyoid muscle; in
this exercise, the subject firmly attaches his hand on his forehead and
strongly pushes his forehead against his hands. Anecdotal evidence
suggests that this ‘forehead exercise’ instantaneously reduced the
chance of choking in some patients. However, the mechanisms
of the improvement remain unknown. We hypothesize that the
forehead exercise maintains the larynx at a higher position, shortens
the swallowing latency, and makes the swallow occur earlier in the
respiratory cycle, consequently improving the breathing-swallowing
coordination.

Materials and Methods

The protocol was approved by local ethical committees of
Hyogo College of Medicine (No. 1715) and Hamamatsu City
Rehabilitation Hospital. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. Chronic stable
patients with dysphasia with Food Intake Level Scale [11] 4-8 (30
subjects, 21 men and 9 women, 75.3%+13.3 years old) were enrolled
in this study. Aspiration or residue in vallecula and/or the pyriform
recess was confirmed by video endoscopy or video fluorography in
all subjects. All subjects could understand instructions; patients with
severe dementia who could not follow the instructions of swallowing
maneuvers were excluded from the study.

Study protocol

Subjects were seated upright on a chair and performed the
humming swallow maneuver and the forehead exercise sequentially.
The subjects voluntarily swallowed four types of test foods. They
swallowed each type of food before, during, and after the humming
swallow maneuver, as well as after the forehead exercise (Figure 1).
These swallows were monitored by a non-invasive monitoring device
[3], and signals were stored in a micro SD card for later analyses.

Instruction to the subjects

We adopted the humming swallow, a modified version of the
supraglottic swallow. Once a test food was put in the subject’s oral
cavity, the subject was instructed to inhale and then hum to secure
the airway clearance before swallowing. Three of 30 subjects could
not hum before swallowing and conducted the original version of
the supraglottic swallow. Namely, they inhaled breath and hold their
breath before swallowing. After swallowing, the subject was instructed
to exhale through his mouth.

For the forehead exercise, the subject was instructed to press his
palm firmly against his forehead and push his forehead against his
hand strongly for 5 seconds, and subsequently push his forehead
against his hand for 1 second 5 times.

Test foods

Weadopted the ‘Level’ system of the Japanese Society of Dysphagia

Rehabilitation [12] to describe the specification of test foods. Test
foods we used were Level 0 soft jelly, Level 2 hard jelly, Level 3 purée,
and water. The properties (hardness, cohesion, and adhesion) of
these test foods were strictly controlled. One piece of test food was
approximately 3g, and water was injected using a syringe. Patients
were instructed not to chew test foods and to swallow voluntarily.

Swallowing function evaluation

The method to monitor swallowing behavior has been described
previously [3]. Briefly, respiratory flow was monitored by a nasal
cannula-type flow sensor (Flow Nasal Cannula Type A, Atom
Medical, Saitama, Japan) and a differential pressure transmitter (KL-
17, Nagano Keiki Co., Tokyo, Japan). At the same time, laryngeal
motion and sound were monitored by a custom-made piezoelectric
sensor (Murata Manufacturing, Nagaokakyo, Japan). The following
parameters were measured using Matlab software (R2008b,
Mathworks, Natick, MA, USA) on a Windows 8.1 computer [4]:

1. Pause duration

The duration of deglutition apnea (respiratory pause associated
with swallowing).

2. Swallowing latency

The time from the onset of respiratory pause to the onset of
swallowing reflex. The onset of swallowing reflex was defined as
the time point when the speed of the laryngeal elevation reached a
maximum.

3. Old phase

The timing of the swallow in the respiratory cycle, which is
expressed as a number between 0 and 1, where 0 is the beginning of
the preceding inspiration and 1 is the mean length of the respiratory
cycle [13].

4. Co-phase

The time from the swallowing onset to the next inspiration,
normalized to the mean length of the respiratory cycle (which was
setas 1).

5. Coordination between breathing and swallowing

We categorized the breathing-swallowing pattern using two types
of parameters: 1) B-SW type, a parameter describing the combination
of swallow and the preceding respiratory phase. This type can be either
E-SW (expiration-swallow) or I-SW (inspiration-swallow); and 2)
SW-B type, a parameter describing the combination of swallow and
the following respiratory phase. This can be either SW-E (swallow-
expiration) or SW-I (swallow-inspiration).

In addition, ‘choking’ was identified as coughing immediately
after swallowing. No subject exhibited silent aspiration, judging by
wet hoarseness.

Statistical analysis

Changes in parameter values associated with swallowing after
maneuvers were compared using repeated-measures analysis of
variance (ANOVA), followed by post hoc analyses with the Tukey-
Kramer test. Frequencies of each breathing-swallowing coordination
pattern were compared by the chi-square test followed by
Haberman’s residual analysis. For the humming swallow maneuver,
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Table 1: Relationship between choking and breathing-swallowing parameters.

Non-Choking Choking
N 412 18
Old phase 1.044+0.641 1.024+0.428
Cophase 0.687+0.508 0.527+0.331
Swallow latency [ms] 3024573 1554212
LRT [3] [ms] 505308 576+414
LAD [3] [ms] 901+298 928+351
Pause duration [s] 1.044+0.750 0.935+0.586
1-SW frequency [%] 7.0 11.1#
SW-I frequency [%] 13.3 22.2%
SW-I or I-SW frequency [%] 19.7 33.3%

Chi-square P value (## p<0.0001).

Table 2: Changes in breathing-swallowing parameters during and after the
modified version of supraglottic swallowing.

All: 30 patients Before During After
Old phase 0.922+0.523 | 0.955+0.471 | 1.024+0.573
Cophase 0.673+0.477 | 0.783+0.510 | 0.642+0.567

Swallow latency [ms] 236447 1724369 3641644

LRT [3] [ms] 476347 506+300 502+293
LAD [3] [ms] 917+298 906+346 882+262

Pause duration [s] | 1.002+0.773  0.955+0.471 | 1.057+0.768

I-SW frequency [%] 9.1 6.7 5.4

SW-I frequency [%] 10.9 16.2 13.4

SW-I or I-SW frequency | [%] 19.1 21.9 17.9
Responder: 11 patients Before During After
Old phase 0.825+0.436 = 1.164+0.418 0.958+0.364
Cophase 0.572+0.310 | 0.624+0.360 0.606+0.302
Swallow latency [ms] 229+407 95+243 418+655
LRT [3] [ms] 553+339 532+337 488+286
LAD [3] [ms] 889+282 938+440 907+285

Pause duration [s] | 0.937+0.642 @ 0.888+0.375 | 1.081+0.762

1-SW frequency [%] 7.7 5.6 4.9

SW-I frequency [%] 10.3 25.0%* 7.3

SW-l or I-SW frequency | [%] 17.9 30.6* 12.2

Chi-square test P value to Before (*p<0.05, ** p<0.01).

swallows before, during, and after the maneuver were compared, and
for the forehead exercise, swallows before and after the maneuver
were compared. Swallowing kinetics and the breathing-swallowing
coordination were further analyzed for the responder group, which
was defined as a group of subjects who did not choke after the
forehead exercise. All data are presented as the mean + standard
deviation. P values were two-sided, and P <0.05 was considered
statistically significant.

Results

Relationship between choking and breathing-swallowing
coordination

We observed a total of 430 swallows in 30 patients during the
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Figure 2: Breathing-swallowing coordination patterns observed during the
modified version of supraglottic swallowing. A: A representative case of a
swallow with the expiration-swallow-expiration pattern; B: A representative
case of a swallow with the expiration-swallow-inspiration pattern. In both
traces, respiratory flow, laryngeal sound, and laryngeal displacement signals
are shown in blue, red, and green, respectively. A positive shift in the
respiratory flow signal represents expiration, and a negative shift represents
inspiration. Red, pink, yellow, green horizontal bars represent the onset of
the preceding inspiration, the onset of swallowing reflex, the onset and the
offset of respiratory pause associated with swallowing, and the onset of the
following inspiration, respectively.

study. Among these swallows, 18 swallows were accompanied by
choking. As shown in Table 1, the frequency of the I-SW or SW-I
pattern was significantly greater in swallows with choking, supporting
the hypothesis that swallows with the I-SW or SW-I pattern increase
the risk of aspiration.

Breathing-swallowing coordination pattern during the
humming swallow maneuver

The breathing-swallowing patterns before, during, and after the
humming swallow maneuver are shown in Table 2. The frequency
of inspiration after swallowing (SW-I pattern) increased during the
humming swallow compared to the frequency before the maneuver
(p=0.0048 for the responder group). Figure 2 shows representative
cases of SW-E pattern and SW-I pattern swallows during the
humming swallow. Due to the breath-holding and humming during
the humming swallow, swallows with an SW-I pattern took 4.796 +
2.154 s to start after the preceding inspiration on an average, resulting
in a delayed timing of swallow in the respiratory cycle (old phase =
1.252+0.482). The frequency of choking was not different between
before, during, and after the maneuver.

Changes in swallowing kinetics before the forehead
exercise

Before the forehead exercise, choking was observed in 13 of 30
patients. However, choking persisted in only two patients, suggesting
that the forehead exercise had some instantaneous beneficial effects
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Table 3: Changes in breathing-swallowing parameters after the forehead
exercise.

All: 30 patients Before After
Old phase 1.024+0.573 1.100+0.886
Cophase 0.642+0.567 0.626+0.435

Swallow latency [ms] 3641644 416+703

LRT [3] [ms] 502+293 550+307
LAD [3] [ms] 882+262 903+294

Pause duration [s] 1.057+0.768 1.146+0.903

1-SW frequency [%] 5.4 7.8

SW-I frequency [%] 13.4 14.6

SW-I or I-SW frequency [%] 17.9 22.3
Responder: 11 patients Before After
Old phase 0.958+0.364 1.036+0.985
Cophase 0.606+0.302 0.585+0.456
Swallow latency [ms] 4184655 4184721
LRT [3] [ms] 488+286 584+319
LAD [3] [ms] 907+285 945+320

Pause duration [s] 1.081+0.762 1.063+0.758

I-SW frequency [%] 4.9 8.6

SW-I frequency [%] 7.3 14.3

SW-I or I-SW frequency [%] 12.2 22.9

on the swallowing function. However, the old phase (the timing of
the swallow within the respiratory cycle) and the swallowing latency
did not show significant changes (Table 3). We further analyzed
changes in these parameter values for the responder group in which
choking was not observed after the forehead exercise, but none of the
parameter values showed significant changes.

Discussion

The present study confirmed that inspiration before swallowing
or after swallowing can increase the risk of aspiration. The humming
swallowmaneuverincreased the frequency of inspiration after swallow.
In addition, although the forehead exercise may instantaneously
decrease the chance of aspiration, this result could not be explained
by its effects on the swallowing latency or the breathing-swallowing
coordination.

Humming swallow maneuver

In the present study, we found that the humming maneuver
increased the frequency of inspiration after swallows, especially in
responders. We do not know the reason why the responders who
did not choke after the forehead exercise more frequently inspired
after swallowing. The supraglottic maneuver was invented to secure
the closure of the vocal cord, and our modified version intended
to clear the airway and to further facilitate the closing of the vocal
cord. Therefore, the maneuver should prevent aspiration during
swallowing. However, it should be noted that the maneuver prolongs
the timing of the swallow in the respiratory cycle and increases the
chance of inspiration immediately after swallowing. This maneuver
could thereby increase the chance of aspiration after swallowing in
patients who have food residues in the pharynx, because inspiration

after swallowing may suck the residue into the lower airway.
McFarland et al. [14] found that swallows occur at a specific lung
volume. Therefore, the humming maneuver might have made some
subjects miss the optimal timing of swallowing.

Forehead exercise

The Shaker exercise, consisting of isometric and isotonic head-
lifting exercises, augments the opening of the upper esophageal
sphincter upon swallowing [15,16] and enhances the thyrohyoid
muscle shortening [17]. A preliminary randomized trial demonstrated
that the Shaker exercise reduced post-swallow aspiration to a greater
degree compared to the traditional swallowing therapy [18]. However,
head-lifting may not be feasible for patients with sarcopenia or those
in a frail condition. To overcome these problems, a tongue press
exercise [8], a jaw opening exercise [9], and the Chin Tuck Against
Resistance exercise [10] were developed. These exercises are less
strenuous than the Shaker exercise, can be performed in a sitting
position, and are reported to be equally effective at strengthening the
suprahyoid muscles. The forehead exercise used in the present study
is similar to these maneuvers in that it can be performed in a sitting
position, and it has the additional advantage of lowering the risk of
injuring the temporomandibular joint compared to these maneuvers.

In the present study, although immediate effects of the forehead
exercise were present judging from the incidence of choking before
and after the maneuver, we could not detect any improvement in the
measured values. Further study is needed to elucidate the mechanisms
of the immediate effect of the forehead exercise.

Conclusion

Swallowing kinetics measured by non-invasive techniques were
not changed by the humming swallow maneuver or the forehead
exercise. The humming swallow maneuver may increase the frequency
of inspiration after swallow, so caution should be exercised when this
technique is applied to patients with food residues in the pharynx.
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