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(7) ABSTRACT

A swallowing sensor that is attached to a person’s pharyn-
geal portion and that measures the person’s swallowing
ability includes: a film-shaped detector that detects vibration
based on displacement and sound of the pharyngeal portion;
an adhesive layer that is provided on one of two main sides
of the detector and that attaches the detector to the pharyn-
geal portion; and a sensing film arranged on the detector to
cover entirety of the other main side of the detector, wherein
a main side of the sensing film that contacts the detector
contains an adhesive component, the sensing film is attach-
able to the pharyngeal portion around the detector using the
adhesive component, and the sensing film conveys vibration
to the detector. Accordingly, the swallowing ability can be
more accurately measured.
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SWALLOWING SENSOR AND
SWALLOWING ABILITY DIAGNOSIS
SYSTEM PROVIDED WITH THE SAME

[0001] This is a continuation of International Application
No. PCT/JP2017/017158 filed on May 1, 2017 which claims
priority from Japanese Patent Application No. 2016-097304
filed on May 13, 2016, and Japanese Patent Application No.
2016-097307 filed on May 13, 2016. The contents of these
applications are incorporated herein by reference in their
entireties.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a swallowing
sensor and a swallowing ability diagnosis system provided
with the same.

[0003] Hitherto, a swallowing sensor that is attached to a
person’s pharyngeal portion and that measures the person’s
swallowing ability has been proposed (for example, see
Patent Document 1).

[0004] The swallowing sensor of Patent Document 1
evaluates, with the use of two piezoelectric elements, the
number of times and the strength of a subject’s swallowing.
Specifically, the first piezoelectric element is an element that
changes the amount of electric charge in accordance with the
amount of displacement of a bone (thyroid cartilage) in a
subject’s pharyngeal portion and generates an electric
charge signal (displacement signal) in accordance with the
change. The second piezoelectric element is an element that
changes the amount of electric charge in accordance with the
intensity of sound of the pharyngeal portion which is made
at the time of swallowing (swallowing sound) and generates
an electric charge signal (audio signal) in accordance with
the change. By processing the electric charge signals gen-
erated by these two piezoelectric elements, the number of
times and the strength of the subject’s swallowing are
evaluated.

[0005] Patent Document 1: International Publication No.
WO 2015/053241

BRIEF SUMMARY

[0006] However, there have been demands in recent years
for improving the accuracy of measuring a person’s swal-
lowing ability using a swallowing sensor including the
swallowing sensor disclosed in Patent Document 1.

[0007] The present disclosure provides a swallowing sen-
sor capable of accurately measuring a person’s swallowing
ability and a swallowing ability diagnosis system provided
with the same.

[0008] A swallowing sensor of the present disclosure is a
swallowing sensor that is attached to a person’s pharyngeal
portion and that measures the person’s swallowing ability,
including; a film-shaped detector that detects vibration based
on displacement and sound of the pharyngeal portion; an
adhesive layer that is provided on one of two main sides of
the detector and that attaches the detector to the pharyngeal
portion; and a sensing film arranged on the detector to cover
entirety of the other main side of the detector, wherein a
main side of the sensing film that contacts the detector
contains an adhesive component, the sensing film is attach-
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able to the pharyngeal portion around the detector using the
adhesive component, and the sensing film conveys vibration
to the detector.

[0009] Inaddition, a swallowing ability diagnosis function
system of the present disclosure includes the swallowing
sensor, a controller that processes data of a detection result
obtained by the swallowing sensor, and a determination unit
that determines a person’s swallowing ability on the basis of
the data processed by the controller.

[0010] According to a swallowing sensor and a swallow-
ing ability diagnosis system of the present disclosure, a
person’s swallowing ability can be more accurately mea-
sured.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] These aspects and features of the present disclosure
will become apparent from the following description in
conjunction with embodiments with reference to the accom-
panying drawings.

[0012] FIG. 1 is a schematic side view of a swallowing
sensor in use according to an embodiment.

[0013] FIG. 2 is a schematic perspective view of the
swallowing sensor in use.

[0014] FIG. 3A is a front view of the swallowing sensor
before use.
[0015] FIG. 3B is a cross-sectional view taken along line

A-A' in FIG. 3A.

[0016] FIG. 3C is a cross-sectional view taken along line
B-B' in FIG. 3A.

[0017] FIG. 4 is a vertical cross-sectional view of an
adhesive layer.

[0018] FIG. 5 is a vertical cross-sectional view of a
sensing film.

[0019] FIG. 6 is a block diagram representing the sche-
matic configuration of a substrate.

[0020] FIG. 7 is a front view illustrating the swallowing
sensor after being attached.

[0021] FIG. 8A is a graph illustrating the result of a
simulation of the swallowing sensor.

[0022] FIG. 8B is a graph illustrating the result of a
simulation of the swallowing sensor.

[0023] FIG. 9A is a graph illustrating the result of a
simulation of the swallowing sensor.

[0024] FIG. 9B is a graph illustrating the result of a
simulation of the swallowing sensor.

[0025] FIG. 9C is a graph illustrating the result of a
simulation of the swallowing sensor.

[0026] FIG. 9D is a graph illustrating the result of a
simulation of the swallowing sensor.

[0027] FIG. 10A is a graph illustrating the result of a
simulation of the swallowing sensor.

[0028] FIG. 10B is a graph illustrating the result of a
simulation of the swallowing sensor.

[0029] FIG. 10C is a graph illustrating the result of a
simulation of the swallowing sensor.

[0030] FIG. 11 is a front view illustrating the dimensions
of a pharyngeal portion.

[0031] FIG. 12 is a block diagram representing the sche-
matic configuration of a swallowing ability diagnosis system
according to the embodiment.

[0032] FIG. 13 is a block diagram representing the sche-
matic configuration of a swallowing ability diagnosis system
according to a modification.
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DETAILED DESCRIPTION

[0033] According to a first aspect of the present disclo-
sure, there is provided a swallowing sensor that is attached
to a person’s pharyngeal portion and that measures the
person’s swallowing ability, including: a film-shaped detec-
tor that detects vibration based on displacement and sound
of the pharyngeal portion; an adhesive layer that is provided
on one of two main sides of the detector and that attaches the
detector to the pharyngeal portion; and a sensing film
arranged on the detector to cover entirety of the other main
side of the detector, wherein a main side of the sensing film
that contacts the detector contains an adhesive component,
the sensing film is attachable to the pharyngeal portion
around the detector using the adhesive component, and the
sensing film conveys vibration to the detector. According to
such a configuration, the detection accuracy of the swallow-
ing sensor can be improved, and a person’s swallowing
ability can be accurately measured.

[0034] According to a second aspect of the present dis-
closure, there is provided the swallowing sensor according
to the first aspect in which an adhesive force of the adhesive
layer is greater than an adhesive force of the sensing film. By
setting the adhesive force of the adhesive layer to be greater
in this manner, the sensitivity of detecting vibration using
the adhesive layer can be improved by improving the
adhesion to the skin. Therefore, information obtained using
the adhesive layer can be made more independent than
information obtained using the sensing film, thereby realiz-
ing a desired detection form. Accordingly, the vibration
detecting accuracy of the detector can be improved, and a
person’s swallowing ability can be accurately measured.
Furthermore, by setting the adhesive force of the sensing
film to be less than the adhesive force of the adhesive layer,
the sensing film can be more easily peeled off without
necessarily hurting the skin of the person when peeling off
the sensing film.

[0035] According to a third aspect of the present disclo-
sure, there is provided the swallowing sensor according to
the first aspect or the second aspect in which Young’s
modulus of the adhesive layer is less than Young’s modulus
of the sensing film. By adjusting the Young’s moduli in this
manner, the ability to follow the stretching of pharyngeal
skin can be made greater in the adhesive layer than in the
sensing film, and the sensitivity of detecting vibration using
the adhesive layer can be made greater. Therefore, informa-
tion obtained using the adhesive layer can be made more
independent than information obtained using the sensing
film, thereby realizing a desired detection form.

[0036] Accordingly, the vibration detecting accuracy of
the detector can be improved, and a person’s swallowing
ability can be more accurately measured.

[0037] According to a fourth aspect of the present disclo-
sure, there is provided the swallowing sensor according to
any one of the first to third aspects in which the sensing film
includes a layer that contains the adhesive component and a
base material that supports the layer. According to such a
configuration, because the sensing film has the base mate-
rial, vibration of a muscle around the thyroid cartilage can
be more reliably conveyed to the detector, compared with
the case in which the sensing film has no base material.
[0038] According to a fifth aspect of the present disclo-
sure, there is provided the swallowing sensor according to
any one of the first to fourth aspects in which a thickness of
the sensing film is 90 pm or greater. According to such a
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configuration, because the thickness of the base material of
the sensing film is made thicker, vibration of a muscle
around the thyroid cartilage can be more reliably conveyed
to the detector.

[0039] According to a sixth aspect of the present disclo-
sure, there is provided the swallowing sensor according to
any one of the first to fifth aspects in which the sensing film
is made of polyethylene or polyester. According to such a
configuration, the detection accuracy of the swallowing
sensor can be improved, and a person’s swallowing ability
can be more accurately measured.

[0040] According to a seventh aspect of the present dis-
closure, there is provided the swallowing sensor according
to any one of the first to sixth aspects in which the detector
is a piezoelectric element that generates an electric charge
signal on the basis of the detected vibration. By adopting a
piezoelectric element in this manner, the detector can be
realized with a simple configuration.

[0041] According to an eighth aspect of the present dis-
closure, there is provided the swallowing sensor according
to the seventh aspect which further includes an amplifier
circuit that amplifies an electric charge signal generated by
the piezoelectric element. By adopting such an amplifier
circuit, the detection result obtained by the swallowing
sensor can be more easily evaluated.

[0042] According to a ninth aspect of the present disclo-
sure, there is provided a swallowing ability diagnosis system
including: the swallowing sensor according any one of the
first to eighth aspects; a controller that processes data of a
detection result obtained by the swallowing sensor; and a
determination unit that determines the person’s swallowing
ability on the basis of the data processed by the controller.
According to such a configuration, a person’s swallowing
ability can be accurately measured.

[0043] According to a tenth aspect of the present disclo-
sure, there is provided a swallowing ability diagnosis system
further including a respiratory condition detection device
that detects a person’s respiratory condition, wherein the
determination unit determines the person’s swallowing abil-
ity on the basis of the data processed by the controller and
a detection result obtained by the respiratory condition
detection device. According to such a configuration, a per-
son’s swallowing ability can be accurately measured.
[0044] According to an eleventh aspect of the present
disclosure, there is provided a swallowing sensor that is
attached to a person’s pharyngeal portion and that measures
the person’s swallowing ability, including: a film-shaped
detector that detects vibration based on displacement and
sound of the pharyngeal portion; and an adhesive layer that
is provided to cover entirety of one of two main sides of the
detector and that attaches the detector to the pharyngeal
portion. The length of the detector in the transverse direction
is 5 mm or greater; the length of the detector in the
longitudinal direction is 20 mm or greater; the length of the
adhesive layer in the transverse direction is 30 mm or less;
and the length of the adhesive layer in the longitudinal
direction is 75 mm or less. According to such a configura-
tion, the detection accuracy of the swallowing sensor can be
improved, and a person’s swallowing ability can be accu-
rately measured.

[0045] According to a twelfth aspect of the present dis-
closure, there is provided the swallowing sensor according
to the eleventh aspect which further includes a sensing film
arranged on the detector to cover entirety of the other main
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side of the detector, wherein a main side of the sensing film
that contacts the detector contains an adhesive component,
the sensing film is attachable to the pharyngeal portion
around the detector using the adhesive component, and the
sensing film conveys vibration to the detector. According to
such a configuration, because vibration can be conveyed to
the detector not only using the adhesive layer but also using
the sensing film, the detection accuracy of the swallowing
sensor can be improved, and a person’s swallowing ability
can be accurately measured.

[0046] According to a thirteenth aspect of the present
disclosure, there is provided the swallowing sensor accord-
ing to the eleventh or twelfth aspect in which a horizontal
width of the sensing film is 100 mm or less, and a vertical
width of the sensing film is 75 mm or less. According to such
a configuration, detection of noise of vibration can be
suppressed, and furthermore the sensing film becomes more
difficult to be peeled off.

[0047] According to a fourteenth aspect of the present
disclosure, there is provided the swallowing sensor accord-
ing to anty one of the eleventh to thirteenth aspects in which
the adhesive layer is capable of attaching the detector to the
pharyngeal portion such that the center of the detector will
be positioned at the pharyngeal bulge, which is a protrusion
of the thyroid cartilage of the pharyngeal portion, and the
transverse direction of the detector and the adhesive layer
will coincide with the horizontal direction. According to
such a configuration, advantageous effects obtained by
specification of dimensions of the detector and the adhesive
layer can be more effectively achieved.

[0048] According to a fifteenth aspect of the present
disclosure, there is provided the swallowing sensor accord-
ing to any one of the eleventh to fourteenth aspects in which
the detector is a piezoelectric element that generates an
electric charge signal on the basis of the detected vibration.
By adopting a piezoelectric element in this manner, the
detector can be realized with a simple configuration.

[0049] According to a sixteenth aspect of the present
disclosure, there is provided the swallowing sensor accord-
ing to the fifteenth aspect which further includes an amplifier
circuit that amplifies an electric charge signal generated by
the piezoelectric element. By adopting such an amplifier
circuit, the detection result obtained by the swallowing
sensor can be more easily evaluated.

[0050] According to a seventeenth aspect of the present
disclosure, there is provided a swallowing ability diagnosis
system including: the swallowing sensor according any one
of the eleventh to sixteenth aspects; a controller that pro-
cesses data of a detection result obtained by the swallowing
sensor; and a determination unit that determines the person’s
swallowing ability on the basis of the data processed by the
controller. According to such a configuration, a person’s
swallowing ability can be accurately measured.

[0051] According to an eighteenth aspect of the present
disclosure, there is provided the swallowing ability diagno-
sis system according to the seventeenth aspect which further
includes a respiratory condition detection device that detects
a person’s respiratory condition, wherein the determination
unit determines the person’s swallowing ability on the basis
of the data processed by the controller and a detection result
obtained by the respiratory condition detection device.
According to such a configuration, a person’s swallowing
ability can be accurately measured.
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[0052] Hereinafter, an embodiment of the present disclo-
sure will be described in detail on the basis of the drawings.

Embodiment

[0053] FIGS. 1 to 3 include diagrams illustrating the
schematic configuration of a swallowing sensor 2 according
to the embodiment. FIG. 1 is a schematic side view of the
swallowing sensor 2 in use, and FIG. 2 is a schematic
perspective view of the swallowing sensor 2 in use. FIG. 3A
is a front view of the swallowing sensor 2 before use. FIG.
3B is a cross-sectional view taken along line A-A' in FIG.
3A, and FIG. 3C is a cross-sectional view taken along line
B-B' in FIG. 3A.

[0054] As illustrated in FIGS. 1 and 2, the swallowing
sensor 2 is a film-shaped sensor that is attached to a
pharyngeal portion 6 of a person 4, who is a subject, and that
is used to measure the swallowing ability of the person 4.
[0055] The swallowing sensor 2 includes, as illustrated in
FIG. 3A, a detector 8, an adhesive layer 10, a sensing film
12, a separator 13, a substrate 14, and a connector 16. The
swallowing sensor 2 has a multilayer structure obtained by
stacking these elements in a thickness direction C (FIGS. 3B
and 3C). Specifically, on the cross section taken along line
A-A', as illustrated in FIG. 3B, the sensing film 12, the
detector 8, the adhesive layer 10, and the separator 13 are
stacked in this order from top to bottom. On the cross section
taken along line B-B', as illustrated in FIG. 3C, the sensing
film 12, the substrate 14, the detector 8, the adhesive layer
10, and the separator 13 are laminated/stacked in this order
from top to bottom.

[0056] At the time of attaching the swallowing sensor 2 to
the pharyngeal portion 6, the separator 13 is peeled off from
the swallowing sensor 2, and the adhesive side of the
adhesive layer 10 and the sensing film 12, which adhered to
the separator 13, is attached to the pharyngeal portion 6. In
FIGS. 3B and 3C, a direction in which the swallowing
sensor 2 is attached to the pharyngeal portion 6 is referred
to as an attaching direction D. Hereinafter, each configura-
tion of the swallowing sensor 2 will be described.

[0057] The detector 8 is a member for detecting vibration
of the pharyngeal portion 6 that occurs accompanying to the
swallowing operation of the person 4. The detector 8 of the
present embodiment is a piezoelectric element that generates
an electric charge signal on the basis of the detected vibra-
tion. The detector 8 is not limited to a piezoelectric element,
and the detector 8 may be anything, such as a strain gauge,
as long as the detector 8 is capable of detecting vibration by
calculating changes of electrical characteristics over time
due to displacement or distortion.

[0058] The detector 8 of the present embodiment is a
thin-film-shaped sensor and is formed in a vertically-long
rectangular shape in plan view, as illustrated in FIG. 3A. As
illustrated in FIG. 3B, the detector 8 has two main sides 8a
and 8b, which face each other in the thickness direction C.
The adhesive layer 10 is adhered to the main side 8a, which
is closer to the pharyngeal portion 6 (lower side). The
sensing film 12 is adhered to the main side 86, which is
farther from the pharyngeal portion 6 (upper side), on the
cross section taken along line A-A', and the substrate 14 is
connected to the main side 85 on the cross section taken
along line B-B'.

[0059] The detector 8 of the present embodiment is con-
figured to detect vibration in the center of the pharyngeal
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portion 6 using the adhesive layer 10, and to detect vibration
in the peripheral part of the pharyngeal portion 6 using the
sensing film 12.

[0060] The adhesive layer 10 is a member that attaches the
detector 8 to the pharyngeal portion 6 and that conveys
vibration of the pharyngeal portion 6 to the detector 8. The
adhesive layer 10 of the present embodiment is configured
such that both sides thereof in the thickness direction C are
sticky (such as a double-sided adhesive tape). In a state
before use illustrated in FIG. 3B, the adhesive layer 10 is
adhered to both the detector 8 and the separator 13.

[0061] As illustrated in FIG. 3A, the adhesive layer 10 is,
like the detector 8, rectangular in plan view, and has external
dimensions slightly larger than the detector 8. On the lower
side of the page of FIG. 3A, an end portion 10e of the
adhesive layer 10 coincide with an end portion 8¢ of the
detector 8. As illustrated in FIG. 3A, it is only necessary for
the adhesive layer 10 to be provided to cover the entirety of
the main side 8a, which is one of two main sides of the
detector 8.

[0062] FIG. 4 is a vertical cross-sectional view of the
adhesive layer 10. As illustrated in FIG. 4, the adhesive layer
10 includes a base material 10a, a first layer 105, and a
second layer 10c, and the first layer 105 and the second layer
10c¢ are arranged to sandwich the base material 10a from
both sides. The base material 10q is a layer that supports the
first layer 105 and the second layer 10c. The base material
10 has certain stiffness and is configured to more reliably
convey the vibration of the pharyngeal portion 6 to the
detector 8. The first layer 105 and the second layer 10¢ are
layers that contain adhesive components arranged on both
sides of the base material 10a. In the first layer 105 and the
second layer 10c, sides that are exposed without necessarily
contacting the base material 10 are adhesive sides 104 and
10f. In the present embodiment, the thickness of the base
material 10a is set to be less than the sum of the thickness
of the first layer 105 and the second layer 10¢. For example,
the thickness of the base material 104 is set to 25 um, and
the sum of the thickness of the first layer 104 and the second
layer 10¢ is set to 75 um. In addition, the material of the base
material 10a is, for example, polyethylene, and the material
of the first layer 1056 and the second layer 10c¢ is, for
example, a composition containing a rubber base, such as a
synthetic polyisoprene rubber or a styrene-isoprene-styrene
block copolymer, blended with a tackifier resin, a softener,
or the like. However, there is no particular restriction on the
material of the base material 104, the first layer 105, and the
second layer 10c.

[0063] Referring back to FIG. 3, the sensing film 12 is,
like the adhesive layer 10, a member that attaches the
detector 8 to the pharyngeal portion 6 and that conveys
vibration of the pharyngeal portion 6 to the detector 8. The
sensing film 12 of the present embodiment is a single-sided
adhesive tape. A main side of the sensing film 12 facing
toward the attaching direction D (contacting the detector 8)
has an adhesive component to configure an adhesive side.
The sensing film 12 is adhered to the detector 8 and the
separator 13 on the cross section taken along line A-A' and
is adhered to the substrate 14 and the separator 13 on the
cross section taken along line B-B'. As illustrated in FIG.
3A, the sensing film 12 has a substantially rectangular shape
that covers the entirety of the detector 8 and the adhesive
layer 10 in plan view. The sensing film 12 is provided to
cover the entirety of the main side 85 (FIG. 3B), which is the
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other main side of the detector 8. The sensing film 12 is
adhered to the separator 13 around the detector 8 and the
adhesive layer 10 in a direction along the surface of the
swallowing sensor 2 (a direction along a plane perpendicular
to the thickness direction C).

[0064] FIG. 5 is a vertical cross-sectional view of the
sensing film 12. As illustrated in FIG. 5, the sensing film 12
includes a base material 12a, and a layer 126 containing an
adhesive component arranged on one of two main sides of
the base material 12a. The base material 12a is a layer that
supports the layer 125 containing an adhesive component.
Like the base material 10a of the adhesive layer 10, the base
material 124 has certain stiffness, and is configured to more
reliably convey the vibration of the pharyngeal portion 6 to
the detector 8. In the layer 125, a side that is exposed without
necessarily contacting the base material 12q is an adhesive
side 12¢. In the present embodiment, the thickness of the
base material 12a is set to be greater than the thickness of the
layer 12b. For example, the thickness of the base material
12a is set to 90 um, and the thickness of the layer 124 is set
to 40 um. In addition, the material of the base material 12a
is, for example, polyethylene, and the material of the layer
125 is, for example, an acrylic material (such as an acrylic
acid ester monomer polymer).

[0065] The above-described adhesive layer 10 and sensing
film 12 have the function of adhesively fixing the detector 8
to the pharyngeal portion 6. In the present embodiment, the
adhesive force and Young’s modulus are made different
between the adhesive layer 10 and the sensing film 12.
Specifically, the adhesive force of the adhesive layer 10 is
set to be greater than the adhesive force of the sensing film
12. In addition, the Young’s modulus of the adhesive layer
10 is set to be less than the Young’s modulus of the sensing
film 12. That is, the degree of extensibility of the adhesive
layer 10 is set to be greater than the degree of extensibility
of the sensing film 12. Note that the adhesive force is a force
necessary for peeling off an item that has been stuck and
may be defined as a force that occurs in response to contact
between the adhesive side and the adherend. In addition, the
Young’s modulus can be obtained as a stress/strain ratio. The
relationship between the adhesive force and the Young’s
modulus of the adhesive layer 10 and the sensing film 12 and
the relationship between the vibration and the measurement
sensitivity will be described later.

[0066] The separator 13 is a member that holds the swal-
lowing sensor 2 before the swallowing sensor 2 is attached
to the pharyngeal portion 6. An adhesive side 10f of the
adhesive layer 10 and the adhesive side 12¢ of the sensing
film 12 are adhered to the surface of the separator 13. When
the separator 13 is peeled off from the adhesive layer 10 and
the sensing film 12, it becomes possible to attach the
swallowing sensor 2 to the pharyngeal portion 6 using the
adhesive side 107 of the adhesive layer 10 and the adhesive
side 12¢ of the sensing film 12.

[0067] The substrate 14 is a substrate for amplifying and
converting an electric charge signal generated by the detec-
tor 8 on the basis of the vibration of the pharyngeal portion
6. The substrate 14 is connected to one of two end portions
of the detector 8 (the lower side of the page of FIG. 3A) and
is held between the detector 8 and the sensing film 12 in the
thickness direction C (FIG. 3C). The substrate 14 has the
connector 16, and a cord 20 (FIG. 2) is connected to the
connector 16. The substrate 14 is electrically coupled to a
controller 26 (FIG. 2) with the connector 16 and the cord 20
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interposed therebetween. The substrate 14 generates a cet-
tain digital signal by amplifying and converting an electric
charge signal generated by the detector 8, and outputs the
digital signal to the controller 26. The controller 26 is one
that processes data of a detection result obtained by the
swallowing sensor 2 by processing the digital signal output
from the substrate 14, and includes, for example, a micro-
computer. Processing performed by the controller 26 is
processing such as outputting data for enabling diagnosis of
the swallowing ability of the person 4.

[0068] FIG. 6 is a block diagram representing the sche-
matic configuration of the substrate 14. As illustrated in FIG.
6, the substrate 14 includes an amplifier circuit 28 and an
A/D converter circuit 30, which serve as a configuration
connected between the detector 8 and the controller 26.

[0069] The amplifier circuit 28 is an amplifier circuit for
converting an electric charge signal transmitted from the
detector 8 to a voltage signal Vout. The A/D converter circuit
30 is a circuit for converting the voltage signal Vout from an
analog signal to a digital signal. The digital signal output
from the A/D converter circuit 30 is output to the controller
26. On the basis of the digital signal output from the
substrate 14, the controller 26 displays a measurement result
regarding the motion of the pharyngeal portion 6 that occurs
accompanying to the swallowing operation of the person 4.

[0070] The electric charge signal transmitted from the
detector 8 includes an electric charge signal based on
vibration due to “displacement” and an electric charge signal
based on vibration due to “sound”. The frequency of an
electric charge signal based on vibration due to “displace-
ment” is, for example, 100 mHz to 10 Hz, and the frequency
of an electric charge signal based on vibration due to
“sound” is, for example, 100 Hz to 10 kHz. Because the
frequency bands of the electric charge signals belong to
different ranges, the substrate 14 conducts filtering based on
the frequency bands, thereby separately outputting a mea-
surement result based on vibration due to “displacement”
and a measurement result based on vibration due to “sound”.
Although various methods are adoptable as the filtering
method, a description thereof will be omitted in the present
specification.

[0071] A method of using and the operation of the swal-
lowing sensor 2 with the foregoing configuration will be
described.

[0072] At first, a health professional peels off the separator
13 from the adhesive side 10/ of the adhesive layer 10 and
the adhesive side 12¢ of the sensing film 12. Holding the
swallowing sensor 2 from which the separator 13 has been
peeled off, the health professional attaches the adhesive side
10fof the adhesive layer 10 and the adhesive side 12¢ of the
sensing film 12 to the pharyngeal portion 6.

[0073] FIG. 7 illustrates an example of the swallowing
sensor 2 after being attached to the pharyngeal portion 6. As
illustrated in F1G. 7, the swallowing sensor 2 is placed such
that the center of the detector 8 will coincide with the
pharyngeal bulge, which is a protrusion of a thyroid cartilage
21 of the pharyngeal portion 6. At this time, the swallowing
sensor 2 is placed such that the transverse direction of the
detector 8 and the adhesive layer 10 will coincide with the
horizontal direction, and the longitudinal direction thereof
will coincide with the vertical direction.

[0074] Note that there may be some errors in the attach-
ment position and angle of the swallowing sensor 2.
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[0075] A thyropharyngeal muscle 22, which supports the
thyroid cartilage 21 from the back, is positioned around the
thyroid cartilage 21. The sensing film 12 is arranged to
substantially cover the thyropharyngeal muscle 22. A hyoid
bone 23 is positioned above the thyroid cartilage 21 and the
thyropharyngeal muscle 22, and a sternum 24 is positioned
below the thyroid cartilage 21 and the thyropharyngeal
muscle 22. A pair of carotid arteries 25 is positioned on both
the left and right sides of the thyroid cartilage 21 and the
thyropharyngeal muscle 22. The sensing film 12 is arranged
in a range that overlaps none of the hyoid bone 23, the
sternum 24, and the carotid arteries 25.

[0076] In one swallowing operation, the thyroid cartilage
21 and the hyoid bone 23 move vertically in an interlocking
manner, and the thyropharyngeal muscle 22 also moves at
the same time. Specifically, in one swallowing operation, the
thyroid cartilage 21 and the hyoid bone 23 move upward,
and then move downward for the same distance to return to
the same positions. At this time, the movement of the thyroid
cartilage 21 and vibration involved in the motion of the
thyropharyngeal muscle 22 are conveyed by the adhesive
layer 10 and the sensing film 12 to the detector 8. In the
swallowing sensor 2 of the present embodiment, the adhe-
sive layer 10 is provided at a position that substantially
overlaps the detector 8, and the sensing film 12 is provided
around the adhesive layer 10, thereby attaching the swal-
lowing sensor 2 to the pharyngeal portion 6. According to
such a configuration, while conveying mainly vibration of
the thyroid cartilage 21 to the detector 8 using the adhesive
layer 10, mainly vibration of the thyropharyngeal muscle 22
can be conveyed to the detector 8 using the sensing film 12.

[0077] In this manner, not only detection of vibration of
the pharyngeal portion 6 using the adhesive layer 10, but
also conveying of vibration of the pharyngeal portion 6
around the adhesive layer 10 to the detector 8 using the
sensing film 12 enables detection of vibration of the pha-
ryngeal portion 6 in a wide range. That is, it becomes
possible to detect vibration of the thyroid cartilage 21,
positioned at the center of the pharyngeal portion 6, using
the adhesive layer 10, and to detect vibration of the thyro-
pharyngeal muscle 22 around the thyroid cartilage 21 using
the sensing film 12. According to such a method, the
swallowing ability of the person 4 can be more accurately
measured, compared with the case of detecting vibration of
the pharyngeal portion 6 using only the adhesive layer 10.
Furthermore, at the time of attaching the swallowing sensor
2 to the pharyngeal portion 6, the detector 8 becomes more
difficult to be peeled off from the pharyngeal portion 6 by
attaching the swallowing sensor 2 to the pharyngeal portion
6 using the sensing film 12 in addition to the adhesive layer
10. Accordingly, the detection accuracy of the detector 8 can
be improved, and the swallowing ability of the person 4 can
be more accurately measured.

[0078] Here, two types of vibrations, one based on “dis-
placement” and the other based on “sound”, occur in the
thyroid cartilage 21 and the thyropharyngeal muscle 22. In
measuring the swallowing ability, these two types of vibra-
tions can be detected. However, because the thyropharyn-
geal muscle 22 is close to the carotid arteries 25 and other
blood vessels, vibration regarding sound contains many
noise components. Because of this point, for the thyroid
cartilage 21, the accuracy of detecting vibration based on
both “displacement” and “sound” can be increased, and, for
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the thyropharyngeal muscle 22, the accuracy of detecting
vibration based on “displacement” can be mainly increased.
[0079] To more accurately realize such a detection form,
in the present embodiment, the adhesive force and Young’s
modulus are made different between the adhesive layer 10
and the sensing film 12. Specifically, the adhesive force of
the adhesive layer 10 is set to be greater than the adhesive
force of the sensing film 12. By setting the adhesive force of
the adhesive layer 10 to be greater, the sensitivity of detect-
ing vibration using the adhesive layer 10 can be improved by
improving the adhesion to the skin. Accordingly, informa-
tion obtained using the adhesive layer 10 can be made more
independent than information obtained using the sensing
film 12. According to such a configuration, the following
method becomes possible: detecting vibration based on
displacement of the thyropharyngeal muscle 22, which is
necessary around the thyroid cartilage 21, while improving
the sensitivity of detecting vibration based on displacement
and sound of the thyroid cartilage 21 and suppressing
picking up of noise of pulsation of blood vessels or the like.
Accordingly, the vibration detecting accuracy of the detector
8 can be improved, and the swallowing ability of the person
4 can be more accurately measured.

[0080] In addition, the Young’s modulus of the adhesive
layer 10 is set to be less than the Young’s modulus of the
sensing film 12 in the present embodiment. By adjusting the
Young’s moduli in this manner, the ability to follow the
stretching of skin of the pharyngeal portion 6 can be made
greater in the adhesive layer 10 than in the sensing film 12,
and the sensitivity of detecting vibration using the adhesive
layer 10 can be made greater. Accordingly, information
obtained using the adhesive layer 10 can be made more
independent than information obtained using the sensing
film 12. Therefore, the following method becomes possible:
detecting vibration based on displacement of the thyropha-
ryngeal muscle 22, which is necessary around the thyroid
cartilage 21, while improving the sensitivity of detecting
vibration based on displacement and sound of the thyroid
cartilage 21 and suppressing picking up of noise of pulsation
of blood vessels or the like. Accordingly, the vibration
detecting accuracy of the detector 8 can be improved, and
the swallowing ability of the person 4 can be more accu-
rately measured.

[0081] In addition, in the present embodiment, the adhe-
sive layer 10 and the sensing film 12 both have base
materials with certain stiffness. Because the adhesive layer
10 has the base material 10a and the sensing film 12 has the
base material 12a as described above, vibration of the
thyroid cartilage 21 and vibration of the thyropharyngeal
muscle 22 can be more reliably conveyed to the detector 8.
[0082] After that, when the measurement is completed, the
swallowing sensor 2 is detached from the pharyngeal portion
6. As has been described above, because the adhesive force
of the sensing film 12 is set to be less than the adhesive force
of the adhesive layer 10, the sensing film 12 can be more
easily peeled off without necessarily hurting the skin of the
person 4 when peeling off the sensing film 12, which
occupies a wide range.

[0083] Next, the results of simulations conducted using
the swallowing sensor 2 of the present embodiment will be
described using FIGS. 8 to 10. FIGS. 8 to 10 are the results
of simulations for comparing the characteristics of particu-
larly the sensing film 12 in the swallowing sensor 2. In these
simulations, experiments were conducted using the swal-
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lowing sensor 2 and a swallowing simulator (not illustrated).
The swallowing simulator is a machine capable of simulat-
ing the swallowing operation of the person 4, and this
machine can repeatedly replicate the same swallowing
operation. The experiments were conducted by attaching the
swallowing sensor 2 to the surface of the swallowing
simulator. FIGS. 8 to 10 are data representing the displace-
ment of the intensity of a signal over time, which is output
to the controller 26 on the basis of one swallowing operation
under respective conditions. Note that data is illustrated
which is obtained by performing filtering based on the
above-mentioned frequency bands to extract the signal
intensity mainly related to “displacement”, out of “displace-
ment” and “sound”.

[0084] FIGS. 8A and 8B are the results of simulations
comparing the presence/absence of the sensing film 12. FIG.
8A is the result of a simulation (comparative example) using
a swallowing sensor not provided with the sensing film 12.
FIG. 8B is the result of a simulation (first example) using the
swallowing sensor 2 provided with the sensing film 12.
Comparison of the results in FIGS. 8A and 8B makes it clear
that the difference between the minimum point and the
maximum point of the signal intensity is greater in the first
example than in the comparative example. The peaks and
valleys of other representative amplitudes (circular portions
surrounded by dotted lines) are also greater in the first
example than in the comparative example. Accordingly, it is
clear that the greater signal intensity is output in the first
example, and the vibration detecting sensitivity is higher.
That is, it is clear that the vibration detecting sensitivity
increases by having the sensing film 12. Note that, in the
swallowing sensor 2 of the present embodiment, the ampli-
tude of a signal is amplified by providing the amplifier
circuit 28 on the substrate 14. As illustrated in FIGS. 8A and
8B, the vibration detecting sensitivity can be greatly
improved by providing the sensing film 12. In such a case,
there may be an advantageous effect that the amplifier circuit
28 can be omitted.

[0085] FIGS. 9A and 9D are the results of simulations
comparing the thickness of the base material 12a of the
sensing film 12. FIG. 9A is the result of a simulation (second
example) using the swallowing sensor 2 in which the
thickness of the base material 12a of the sensing film 12 is
45 pm. FIG. 9B is the result of a simulation (third example)
using the swallowing sensor 2 in which the thickness of the
base material 12a of the sensing film 12 is 75 um. FI1G. 9C
is the result of a simulation (fourth example) using the
swallowing sensor 2 in which the thickness of the base
material 124 of the sensing film 12 is 90 pm. FIG. 9D is the
result of a simulation (fifth example) using the swallowing
sensor 2 in which the thickness of the base material 12a of
the sensing film 12 is 125 pm. Comparison of the results in
FIGS. 9A to 9D makes it clear that, regarding the valleys of
representative amplitudes (circular portions surrounded by
dotted lines), the greater signal intensity is output in the
fourth and fifth examples, where the thickness of the base
material 12a of the sensing film 12 is thicker, than in the
second and third examples, and it is clear that the vibration
detecting sensitivity is higher. In addition, comparison of the
results in FIGS. 9C and 9D makes it clear that the greater
signal intensity is output in the fifth example, where the
thickness of the base material 12a of the sensing film 12 is
thicker, than in the fourth example, and it is clear that the
vibration detecting sensitivity is higher. From these results,
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it is clear that the vibration detecting sensitivity can be
increased by setting the thickness of the base material 124 of
the sensing film 12 to 90 um or greater.

[0086] FIGS. 10A to 10C are the results of simulations
comparing the material of the base material 12a of the
sensing film 12. FIG. 10A is the result of a simulation (sixth
example) using the swallowing sensor 2 in which the
material of the base material 12a of the sensing film 12 is
polyethylene. FIG. 10B is the result of a simulation (seventh
example) using the swallowing sensor 2 in which the
material of the base material 12a of the sensing film 12 is
polyester. FIG. 10C is the result of a simulation (eighth
example) using the swallowing sensor 2 in which the
material of the base material 12a of the sensing film 12 is
polyurethane. Comparison of the results in FIGS. 10A to
10C makes it clear that, regarding the valleys of represen-
tative amplitudes (circular portions surrounded by dotted
lines), the greater signal intensity is output in the sixth and
seventh examples than in the eighth example, and it is clear
that the vibration detecting sensitivity is higher. From the
results, it is clear that the vibration detecting sensitivity can
be increased by using polyethylene or polyester for the
material of the base material 12a of the sensing film 12.
[0087] Next, the dimensions of the swallowing sensor 2
will be described using FIG. 11.

[0088] FIG. 11 is a front view illustrating the arrangement
relationship and dimensions of the bones, muscles, blood
vessels, and the like in the pharyngeal portion 6 of the person
4. As illustrated in FIG. 11, the thyroid cartilage 21 has a
width of about 5 mm in the horizontal direction. The
distance from the thyroid cartilage 21 up to the hyoid bone
23 is about 30 mm. The distance from the thyroid cartilage
21 down to the sternum 24 is about 45 mm. The thyropha-
ryngeal muscle 22, which is positioned surrounding the
thyroid cartilage 21, occupies an area around the thyroid
cartilage 21 in plan view, and has a width of about 30 mm
in the horizontal direction. The relative distance between the
carotid arteries 25, which are arranged on the left and right
of the thyropharyngeal muscle 22, is about 100 mm. In one
swallowing operation, the thyroid cartilage 21 and the hyoid
bone 23 move upward for about 20 mm from the positions
indicated in FIG. 11, and then move downward for the same
distance to return to the original positions.

[0089] In such a configuration, the swallowing sensor 2 is
placed such that the center of the detector 8 will overlap the
pharyngeal bulge, which is a protrusion of the thyroid
cartilage 21, and the transverse direction of the detector 8
will coincide with the vertical direction. Assuming such an
arrangement, the horizontal width, that is, the width in the
transverse direction, of the detector 8 is set to be 5 mm or
greater. Accordingly, the detector 8 can cover the width
direction of the thyroid cartilage 21, and vibration based on
displacement and sound of the thyroid cartilage 21 can be
more accurately detected. In addition, the vertical width, that
is, the width in the longitudinal direction, of the detector 8
is set to be 20 mm or greater. Accordingly, the detector 8 can
at least partially cover the vertical movement of the thyroid
cartilage 21 accompanying the swallowing operation, and
vibration based on displacement and sound of the thyroid
cartilage 21 can be more accurately detected. In addition, the
width in the transverse direction of the adhesive layer 10 is
set to be 30 mm or less. Accordingly, the horizontal width of
the adhesive layer 10 becomes less than the width of the
thyropharyngeal muscle 22. In the horizontal direction,
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curvature of the skin is greatly different between the thyro-
pharyngeal muscle 22 and its outside portion. Thus, curva-
ture of the adhesive layer 10 can be suppressed to be small
by making the horizontal width of the adhesive layer 10 less
than the width of the thyropharyngeal muscle 22, and the
adhesive layer 10 becomes more difficult to be peeled off
from the pharyngeal portion 6. Furthermore, the width in the
longitudinal direction of the adhesive layer 10 is set to be 75
mm or less. Accordingly, because the adhesive layer 10 can
be arranged not overlapping the hyoid bone 23 and the
sternum 24 in the vertical direction, detection of noise of
vibration can be suppressed, and furthermore the adhesive
layer 10 becomes more difficult to be peeled off.

[0090] In the configuration of the above-mentioned detec-
tor 8, the swallowing ability can be diagnosed in a mode not
provided with the sensing film 12. Note that the swallowing
ability can be further accurately diagnosed by providing the
sensing film 12 in the following modes.

[0091] In the configuration of the above-mentioned detec-
tor 8, the horizontal width of the sensing film 12 is set to be
100 mm or less. Accordingly, because the sensing film 12
can fit in a range not overlapping the carotid arteries 25,
detection of noise of vibration caused by pulsation of the
carotid arteries 25 can be suppressed, thereby improving the
detection accuracy. In addition, the vertical width of the
sensing film 12 is set to be 75 mm or less. Accordingly, like
the adhesive layer 10, because the sensing film 12 can be
arranged not overlapping the hyoid bone 23 and the sternum
24 in the vertical direction, detection of noise of vibration
can be suppressed, and furthermore the sensing film 12
becomes more difficult to be peeled off.

[0092] Next, a swallowing ability diagnosis system 50 for
diagnosing the swallowing ability of the person 4 using the
swallowing sensor 2 will be described using FIG. 12. FIG.
12 illustrates the swallowing ability diagnosis system 50
according to the present embodiment. The swallowing abil-
ity diagnosis system 50 further includes, in addition to the
above-described swallowing sensor 2 and controller 26, a
determination unit 51 for determining (diagnosing) the swal-
lowing ability of the person 4. The determination unit 51 is
electrically coupled to the controller 26, and includes, for
example, a microcomputer. As illustrated in FIG. 12, the
swallowing sensor 2, the controller 26, and the determina-
tion unit 51 are connected in series. The determination unit
51 determines (diagnoses) the swallowing ability of the
person 4 by processing data of a measurement result
obtained by the swallowing sensor 2, which is output from
the controller 26. According to such a configuration, the
swallowing ability of the person 4 can be accurately diag-
nosed using the above-described swallowing sensor 2. Note
that various methods can be adopted as a method of pro-
cessing data by the determination unit 51, that is, a specific
determination method.

[0093] Next, FIG. 13 illustrates a modification of the
swallowing ability diagnosis system 50 illustrated in FIG.
12. A swallowing ability diagnosis system 60 illustrated in
FIG. 13 further includes, in addition to the above-described
swallowing sensor 2 and controller 26, a respiratory condi-
tion (or state) detection device (sensor) 31. The respiratory
condition detection device 31 is a device that detects the
respiratory condition or state of the person 4, and includes,
for example, a pressure sensor. When the respiratory con-
dition detection device 31 includes a pressure sensor, the
respiratory condition detection device 31 is connected to a
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tube inserted through the nose of the person 4 and detects the
respiratory condition on the basis of the exhalation pressure
of the person 4. The respiratory condition detection device
31 is electrically coupled to a determination unit 61 along
with the controller 26. The swallowing sensor 2 and the
controller 26 are connected to the determination unit 61 in
parallel with the respiratory condition detection device 31.
The determination unit 61 determines (diagnoses) the swal-
lowing ability of the person 4 by processing a detection
result obtained by the swallowing sensor 2. which is from
the controller 26, and a detection result obtained by the
respiratory condition detection device 31. According to such
a configuration, because the swallowing ability of the person
4 is comprehensively determined by taking into consider-
ation the respiratory state of the person 4 in addition to the
result based on the swallowing sensor 2, the swallowing
ability of the person 4 can be more accurately diagnosed.
[0094] Although the present disclosure has been described
with reference to the above-described embodiment, the
present disclosure is not limited to the above-described
embodiment. For example, although the case in which the
adhesive layer 10 has a shape that covers the entirety of the
main side 8a, which is one of two main sides of the detector
8, has been described in the embodiment, the embodiment is
not limited to this case, and the adhesive layer 10 may
partially cover the main side 8a, which is one of two main
sides of the detector 8.
[0095] In addition, although the case in which the adhe-
sive layer 10 includes the base material 10e¢ has been
described in the embodiment, the embodiment is not limited
to this case, and the adhesive layer 10 may include only the
layer 106 containing an adhesive component, without nec-
essarily including the base material 10a.
[0096] By appropriately combining arbitrary embodi-
ments among the above-described various embodiments,
advantageous effects of each of the embodiments may be
achieved.
[0097] Although the present disclosure has been fully
described in connection with embodiments with reference to
the accompanying drawings, it is clear that various modifi-
cations and corrections will be apparent to those skilled in
the art. Such modifications and corrections should be under-
stood to be included in the scope of the present disclosure
without departing from the scope of the present disclosure in
accordance with the appended claims.
[0098] The disclosure of the specification, drawings, and
claims of Japanese patent application No. 2016-097304 filed
on May 13, 2016 and Japanese patent application No.
2016-097307 filed on May 13, 2016 is incorporated herein
by reference in its entirety.

1. A swallowing sensor configured to attach to a pharyn-
geal region of a subject and to measure a swallowing ability
of the subject, comprising:
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a film-shaped detector configured to detect vibration
based on displacement of and sound from the pharyn-
geal region;

an adhesive layer that is provided on a first main side of
the detector for adhering the detector to the pharyngeal
region; and

a sensing film that completely covers a second main side
of the detector, the second main side being opposite the
first main side,

wherein the sensing film comprises an adhesive on a main
side that covers the detector for adhering the main side
of the sensing film to the second main side of the
detector and to the pharyngeal region, and

wherein the sensing film is configured to convey vibration
to the detector.

2. The swallowing sensor according to claim 1, wherein
an adhesive force of the adhesive layer is greater than an
adhesive force of the sensing film.

3. The swallowing sensor according to claim 1, wherein
a Young’s modulus of the adhesive layer is less than a
Young’s modulus of the sensing film.

4. The swallowing sensor according to claim 1, wherein
the sensing film comprises a supporting base layer having
the adhesive on one side.

5. The swallowing sensor according to claim 1, wherein
a thickness of the sensing film is 90 pm or greater.

6. The swallowing sensor according to claim 1, wherein
the sensing film is a polyethylene or polyester.

7. The swallowing sensor according to claim 1, wherein
the detector is a piezoelectric or strain gauge configured to
generate an electric charge signal based on a displacement of
the detector.

8. The swallowing sensor according to claim 7, further
comprising an amplifier circuit configured to amplify the
electric charge signal generated by the detector.

9. The swallowing sensor according to claim 1, wherein
the adhesive layer is a double-sided adhesive.

10. A swallowing ability diagnosis system comprising:

The swallowing sensor according to claim 1; and

at least one controller or microcomputer configured to
process a detection result of the swallowing sensor, and
to determine the swallowing ability of the subject based
on the processed detection result.

11. The swallowing ability diagnosis system according to

claim 10, further comprising:

arespiratory condition or state sensor configured to detect
a respiratory condition or state of the subject,

wherein the at least one controller or microcomputer is
further configured to determine the swallowing ability
of the subject based on the processed detection result
and the detected respiratory condition.
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