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Abstract
Objective: To evaluate a magnetic swallowing monitoring device to monitor swallowing in patients with
Parkinson’s disease and to compare these findings with those of videofluoroscopic examination of swallowing (VF).
Methods: Twenty-one patients with Parkinson’s disease and 11 healthy controls were included in this study. The
subjects were examined by VF using 10 ml of liquid barium, with the magnetic swallowing monitoring device
attached to the patient’s neck. We compared the results obtained from the magnetic swallowing monitoring device
with those of VF.
Results: Eight patients and all controls showed normal swallowing on VF. According to the magnetic swallowing
monitoring device, patients without dysphagia had similar waveforms to those of healthy controls. It also revealed
the following swallowing-related abnormalities in 13 patients: piecemeal deglutition, delayed swallowing onset,
delayed relaxation of the cricopharyngeal muscle, hesitation to swallow, and aspiration.
Conclusions: Patients with Parkinson’s disease often showed abnormalities in the sequence of movements
during the swallowing reflex. The magnetic swallowing monitoring device could detect these abnormalities simply
and non-invasively.

Keywords: Parkinson’s disease; Deglutition; Dysphagia; Magnetic
device; Swallowing monitoring device; Video fluoroscopic
examination of swallowing; Piecemeal deglutition; Aspiration

Background and Purpose
Video fluoroscopic examination of swallowing (VF) studies has
reported various abnormalities in patients with Parkinson’s disease
(PD) [1-3]. In particular, aspiration is an important risk factor of
pneumonia and discontinuation of oral intake in PD [4]. Although
patients with PD require a periodical evaluation of their swallowing
function, the frequency of VF should be ideally reduced, because VF
involves X-ray exposure.
The process of swallowing involves sequential movements of the
larynx [5]. The hyoid bone, which is used to identify the larynx on VF,
moves upward and forward during swallowing, but no correlation has
been observed between the amplitudes of the hyoid’s upward and
forward displacement [6,7]. The magnetic swallowing monitoring
device (MSMD) is a new percutaneous system used to evaluate
swallowing [8]. This device can determine the timing of the laryngeal
movement on the basis of the distance between two magnetic coils as a
“distance waveform” and the voltage of swallowing sounds detected by
a piezoelectric microphone as a “sound waveform” in real time. The
purpose of this study was to evaluate swallowing in patients with PD
using the MSMD.
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Subjects and Methods
The subjects included 21 patients with PD [median age: 70 years,
interquartile range (IQR) 65–76 years; 9 men and 14 women; Hoehn –
Yahr (H&Y) stage II, n = 3; stage III, n = 13; stage IV, n = 4; stage V, n
= 1] and 11 healthy controls (mean age: 23 years, IQR 29–45; 6 men
and 5 women). Not all the subjects were aware of dysphagia and
ingested their meals orally. The patients were selected from amongst
patients with PD who were admitted to our hospital for evaluation or
treatment of Parkinsonism. All patients were diagnosed with clinically
definite PD [9] and were treated with L-DOPA. Cerebral infarction,
arteriosclerotic parkinsonism, and other neurodegenerative diseases
were excluded on the basis of cranial magnetic resonance imaging
findings. 123I-metaiodobenzylguanidine (MIBG) scanning was also
performed, and it was confirmed that the heart/mediastinum ratio of
MIBG uptake declined to ≤1.6 in the delayed phase [10].
An oscillation coil and a detection coil were built into the MSMD
(Figure 1) [8]. The oscillation coil produced a magnetic field with a
frequency of 20 kHz, and the inductive voltage in the detection coil
was detected. The voltage was demodulated and passed through a lowpass filter (cut-off frequency 30 Hz). The voltage was converted to a
distance between the two coils by using calibration data. The
piezoelectric microphone in the MSMD detected the swallowing
sounds. The sound voltage detected by the microphone was rectified
and passed through a low-pass filter (cut-off frequency 30 Hz) to
detect the envelope of the sound waveform. These two voltages (coil
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and sound voltages) were converted to digital data by an analog/digital
converter with a sampling frequency of 100 Hz in the MSMD.

esophageal sphincter when the acoustic peak occurred between N2
and P5.

Figure 1: The magnetic swallowing monitoring device system. This
system consists of three parts: the holder unit with the built-in coils
and microphone (A), detection circuit unit, and personal computer
to control and record the signals (B). The sensors of the holder unit
can be attached to the front of the neck (C).
VF was used to measure swallowing. Subjects were seated with the
MSMD attached to the skin above the thyroid cartilage, and
fluoroscopy was performed from the side. The position of the MSMD
was determined by palpation of the thyroid cartilage. An investigator
injected 10 ml of a two-fold dilution of 110 w/v% liquid barium into
the subject’s oral cavity; subsequently, the patient started swallowing
in response to a signal. Patients who experienced wearing-off were
tested during the “on” state. The fluorographic results were recorded
on a DVD at 30 frames/s, and in all the clips, a marker was
semiautomatically placed on the hyoid bone by using two-dimensional
motion analysis software to evaluate the motion of the hyoid bone
during swallowing. All subjects were provided with a written
explanation of the VF procedure and of the use of MSMD during VF.
Each subject provided written informed consent before beginning this
study. This study was approved by the ethics committee of our
institution.

Figure 2: The swallowing waveform with the magnetic swallowing
monitoring device. The upper waveform represents the distance
waveform, and the lower waveform represents the sound waveform.
The vertical line indicates the start of the swallowing. The solid
lines above the temporal axis indicate the duration of swallowing.
(A) Normal swallowing in a 48-year-old healthy man, (B)
piecemeal deglutition in a 65-year-old woman with Parkinson’s
disease (PD), and (C) double swallowing in an 80-year-old woman
with PD.

The waveforms of the MSMD were sampled at 100 Hz and were
synchronized with the fluorographic results on a personal computer.
The waveform of MDMS for the first swallowing was analyzed. A
single assessor evaluated and compared all the results; another assessor
re-evaluated the results of the healthy controls. The timing of each
peak of the waveforms in the MSMD was compared using the Mann
Whitney U test for normal swallowing and abnormal swallowing. p <
0.05 was considered significant. IBM SPSS® (Ver.22) statistical
software was used for these analyses.

Results
1) Normal swallowing dynamics: Nine of 21 patients and all
controls showed normal swallowing on VF. In normal swallowing, the
distance waveform in the MSMD detected five well-characterized
peaks (P1, N2, P3, N4, and P5) (Figure 2A). Because a few peaks in the
sound waveforms appeared for each subject, the highest acoustic peak
was detected. To compare these findings with those of VF, the MSMD
produced the distance waveform by the following mechanism. 1) The
thyroid cartilage passed between the two coils of the MSMD with
laryngeal elevation, and the distance between the coils narrowed (P1 to
N2); 2) the coils were pushed out by the forward displacement of the
larynx, and the distance between the coils was widened (N2 to P3); and
3) the thyroid cartilage moved backward (P3 to N4) and downward
(N4 to P5), and the coils returned to their starting position (Figure 3).
It is thought that the swallowing sounds are generated due to several
factors [11]. On VF, liquid barium passed through the upper
J Neurol Neurophysiol
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Figure 3: The mechanism of the waveform. The thyroid cartilage
passes between the two coils during laryngeal elevation, and the
distance between the coils decreases (P1 to N2). Then, the coils are
pushed out by the anterior movement of the larynx (N2 to P3).
Finally, the thyroid cartilage moves posteroinferiorly (P3 to N4),
and the thyroid cartilage moves downward, returning to its starting
position (N4 to P5). The upper solid arrow represents the distance
between the coils, and the lower broken arrow represents the
movements of the thyroid cartilage.
2) Abnormal swallowing dynamics: Twelve of 21 patients showed
abnormal swallowing on VF.
a) Piecemeal deglutition was shown in four patients. VF showed
that a small amount of liquid had flowed from the oral cavity to the
pharynx, and a residue was observed in the oral cavity after
swallowing. These patients had consumed the 10 ml of liquid in several
separate swallowing episodes. Patient 1 was a 65-year-old woman with
PD in H&Y stage III. Swallowing reflexes were repeated four times in
approximately 7.0 s during the consumption of 10 ml of liquid barium
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(Figure 2B). The P3 peaks were small, and the N4 and P5 peaks were
unclear in the distance waveform, but all swallowing reflexes showed a
peak in the sound waveform.
b) Double swallowing was shown in five patients. After the first
swallow, a residue was observed in the hypopharynx. A delayed second
swallowing reflex was spontaneously evoked. Patient 2 was an 80-yearold woman with PD in H&Y stage IV. A second swallowing waveform
appeared approximately 9.5 s after the appearance of the waveform for
the first swallowing reflex (Figure 2C). Three healthy subjects had also
swallowed the liquid in two swallows, but the interval between the first
and second swallowing episodes was less than 5.0 s.
c) Interruption of swallowing was shown in a patient. Patient 3 was
a 72-year-old woman with PD in H&Y stage III. After the start of the
swallowing reflex, the interval from P1 to P3 was approximately 2.2 s
(Figure 4A). The acoustic peak occurred between P3 and P5. After the
liquid flowed into the pharynx, the swallowing reflex started, and the
hyoid bone began to elevate. The hyoid bone, however, did not
promptly move anteriorly, and relaxation of the cricopharyngeal
muscle was also delayed. Finally, the liquid passed through the upper
esophageal sphincter without aspiration on VF (Figure 4B).

Figure 5: Hesitation to swallow and aspiration in a 61-year-old man
with Parkinson’s disease. (A) The swallowing waveform with the
magnetic swallowing monitoring device. At first, movement of the
larynx was observed, but no accompanying sound waveform peak
was observed (the broken line above the temporal axis). A sound
wave appeared with a time lag. A swallowing waveform appeared
with an accompanying sound waveform (I). Swallowing then
occurred twice (II, III). Afterward, the sound waveform was
disordered. The upper waveform represents the distance waveform,
and the lower waveform represents the sound waveform. (B) On
videofluorography, this patient was found to have aspirated the
liquid (arrow).
3) Timing analysis (Figure 6): We set the timing of P1 as a starting
point. Compared to the normal swallowing dynamics, the abnormal
swallowing dynamics exhibited significantly early timing of N2, P3, N4
and P5, respectively (p =0.02, =0.01, =0.01, <0.01). The outlier in the
abnormal swallowing is Patient 3. The median timing of the acoustic
peak appeared between P3 and N4. There was no significant difference
in the timing of the acoustic peak between the two groups.

Figure 4: Interruption of swallowing in a 72-year-old woman with
Parkinson’s disease. (A) The swallowing waveform shown by the
magnetic swallowing monitoring device. After the start of
swallowing, the interval between P1 and P3 was approximately 2.2
s. The sound waveform nearly agreed with P3. The upper waveform
represents the distance waveform, and the lower waveform
represents the sound waveform. (B) On videofluorography, after
the swallowing reflex had started (P1), the movement of the hyoid
bone (red line) stopped with the larynx still elevated (N2). The
hyoid bone then moved anteriorly, and the cricopharyngeal muscle
opened. The liquid passed through the pharynx (P3).
d) Aspiration with hesitation was shown in two patients. On VF,
after liquid had flowed from the oral cavity to the pharynx, laryngeal
elevation did not start promptly and liquid was aspirated. Patient 4
was a 61-year-old man with PD in H&Y stage III. At first, the distance
waveform in the MSMD detected a movement in the larynx, but no
accompanying acoustic peak was detected (Figure 5A, broken line). A
shelving acoustic peak wave appeared with a time lag. Then, both the
P3 peaks and acoustic peak appeared at 2.0 s. Swallowing reflexes
appeared as three events. Both the distance waveform and the sound
waveform were disturbed. VF showed that laryngeal elevation was
aborted without forward displacement, and the liquid had flowed into
the larynx. When the liquid entered the larynx, barium bubbles were
formed due to breathing. Then, three swallowing episodes were
recorded. Finally, this patient aspirated the liquid and choked (Figure
5B).
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Figure 6: Box-and-whisker plot of the timing of the peaks of the
waveforms in the MSMD. Compared to the normal swallowing
dynamics, the abnormal swallowing dynamics exhibits significantly
early timing of N2, P3, N4 and P5, respectively. AP, acoustic peak;
Black bar, abnormal swallowing; white bar, normal swallowing; *,
significant difference; NS, no significant difference.

Discussion
The dysphagia in PD is caused by a number of factors. In this study,
we evaluated swallowing in patients with PD using the MSMD. The
MSMD could evaluate not only the frequency and onset of swallowing
reflex, but also abnormalities in the timing of swallowing processes in
PD.
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Dysfunction in transferring food from the mouth to the pharynx
may be caused by lingual bradykinesia [12-14]. We believe that PD
patients who showed piecemeal deglutition with MSMD had lingual
bradykinesia.
It has been reported that the density of α-synuclein-positive lesions
in the pharyngeal sensory nerves is significantly greater in PD patients
with dysphagia than in those without dysphagia, and these
abnormalities may decrease pharyngeal sensation [15]. PD patients
with decreased pharyngeal sensation could show delayed swallowing
of residue in the pharynx with MSMD.
One characteristic of the swallowing abnormalities in PD is the
disruption of the normal sequence in the pharyngeal phase of
swallowing [16]. Dysfunction of the central pattern generators of
swallowing in PD may be attributed to a deficit in the inhibition of the
pedunculopontine tegmental nucleus [17,18]. In patient 3, a break was
observed in the swallowing reflex even though liquid had flowed into
the pharynx. Moreover, patient 3 experienced delayed relaxation of the
cricopharyngeal muscle. This type of dysphagia would be caused by
dysfunction of the central pattern generators of swallowing. The
MSMD was useful in evaluating the abnormalities of reflex-controlled
sequential swallowing.
Once the liquid passes through the fauces, it can flow into the
pharynx with the help of gravity, without the swallowing reflex [19]. In
patients with aspiration, the liquid had flowed into the pharynx before
the swallowing reflex occurred; in addition, these patients showed
hesitation in swallowing and aspiration. Our findings suggest that the
mismatch between the position of liquid and the timing of the
pharyngeal process may be a cause of dysphagia in PD. Therefore, it
might be important to evaluate both the movement of the larynx and
the position of the liquid during swallowing in PD. The
videofluorographic method and the MSMD system could complement
each other in swallowing studies.
The thyroid cartilage moved faster in abnormal swallowing than in
normal swallowing. Moreover, there was no significant difference in
the timing of the acoustic peak between the two groups, which
suggests that PD patients with abnormal swallowing swallow in a short
time, resulting in incomplete swallowing.
Recently, it has been reported that targeted training of sensorimotor
actions with swallowing would improve swallowing in PD [20]. It is an
effective treatment that helps PD patients with dysphagia recognize the
difference between normal and abnormal swallowing [21]. The MSMD
may be useful in targeted exercise therapy for swallowing in PD,
because patients can use this device repetitively and monitor their
swallowing in real time.
This study has several limitations. First, the small sample size could
limit the reliability of the study. Second, it is possible that the
waveforms of MSMD will change depending on the consistency and
volume of the food used for examination.
To conclude, the MSMD could detect both normal and abnormal
swallowing in PD simply and non-invasively. When using this system
during VF, the dysfunction of the central pattern generators of
swallowing in PD could be diagnosed easily. In the future, we plan to
investigate more patients with PD and use the MSMD for targeted
exercise therapy for swallowing in PD.
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