12

dome shape portion of each of the sector portions 11a to 1le overlaps with a dome
shape portion of another such that a gap is not formed between the seclor portions 11a
to 11e when cach of the sector portions 11a 1o 11e vibrates and the dome shape portion
is for forming a surface of the tongue, the model of the tonguc further has a structure
where a tongue surface portion 11g that has both right and left sides extending in t
radial direction and has a depression in a central portion between the right and left sides
is overlapped with each of the scclor portions 1la to lle and cach of the fgecior
portionsIla to 1le vibrales in a circumferential direction in the depression of the tongue
surface portion 19 in a static state, the model of the tongue is conligured to be set such
that the sector portions 11a{o 1le rotate by a predetermined angle toward 4 far side in 2
circumferential dircclion during swallowing and then the pseudgtorally-ingested
product 20 is pushed toward the fur side by the sector portion 1le af a larthest side of
the tongue 11,

the dynamie threc-dimensional model of the head-and-#Heck 10z has a structure
where the head-and-neck includes a pharynx 14, a larynx ppftion 12c¢ and a gullet 18,
the larynx portion 12¢ is divided info an epiglotiis 12a and a larynx 12, an esophageal
entrance 18a of the gullet 18 is configured fo be closed héfore swallowing is started, and
the esophageal enirance 18a is configured to extend apd the pharynx 14 is configured fo
contract during swallowing; and

the dynamic three-dimensional model of the head-and-necl is configured to be
set such that the larynx 12 is conligured to befmoved in a divection {o the mental region
16a of the mandible to open the esophageg! enfrance 18a, the pharynx is configured to
contract, and then the cpiglotiis 12a is cofffignred to be rotated by 2 predetermined angle
toward the far side so as {o closc an csgphageal entrance 18a during swallowing.

With this configuration, the/ flow passage of the psendo-orally-ingested product
20 is formed in the depression/without forming gaps between the respective sector
portions 1ila to lle. They, the pseudo-orally-ingested product 20 is smoothly
trangported to the far sidgl This allows providing the dynamic three-dimensional
model of the head-and-fieck that can approxjn:ia'tcly reproduce the behavior of the
tongue 11, the pharyny/14, the larynx 12, and the gnilet 18 during swallowing.

[0026]

To splve the above-described problem, a swallowing simulation method
according tp’'an eleventh aspect of the present invention, for example, as illustrated in
FIG23 fsee FIG. 2 for configuration), comprises, a head-and-neck modeling step
(S010Y/of forming a dynamic threc-dimensional model of a head-and-neck 10a that
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CLAIMS

L. A swallowing simulation apparatus, comprising:

a head-and-neck modeling unit configured to form a dynamic
three-dimensional model of a head-and-neck that includes head-and-neck organs;

an organ movement setting unit configured to set a movement of each of'the
head-and-neck organs in the dynamic three-dimensional model of the head-and-netk;

an orally-ingested-product physical-property setiing uwuit configured Ao set an

orally-ingested product;
"an input unit configured to imput a pseudo-orally-ingested ppoduct formed by
modeling the orally-ingested product to an oral cavity;

a movement analysis unit configured fo analyze the mo¥ement of each of the
head-and-neck organs in the dynamic three-dimensional mogel of the head-and-neck
and a behavior of the pseudo-orally-ingested product/during swallowed, in a
{hree-dimensional space using a particle method; and

a display unit configured to display an analysjé result of the movement of each
of the head-and-neck orgams and the behavior of fhe pseudo-orally-ingested product
during swallowed that are analyzed by the moyément analysis unit, on a movement

screen.

2. The swallowing simulation appayétus according to claim 1, wherein

the head-and-neck modeling yfit is configured to set the head-and-neck organ
as a polygon or particles, and

the movement analysis phit is configured to freat the pseudo-orally-ingested
product as a polygon or particl

3. The swallowing gfmulation apparatus according to claim 2, wherein

the head-and-péck modeling unit is configured fo set a model of a tongue as
one of head-and-neck organs to have a structure divided into » pieces of sector portions
in a near-far diregfion, wherein » is an integer equal to or more than 2, while a mental
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transport the pseudo-orally-ingested product toward a far-side direction.

4. The swallowing simulation. apparatus according to claim 3, wherein
the head-and-neck modeling unit is configured to form the model of the tongue
having a structure where dome shape portions of each of the sector portions overla
with a dome shape portion of another such that a gap is not formed between the sgétor
portions when each of the sector portions vibrates, the dome shape portion bejag for
forming a surface of the tongue, further the head-and-neck modeling unit is cgnfigured
to form the model of the tongue having the structure where a tongue surfaceportion that
has both right and left sides extending in the radial direction and has a gépression in a
ceniral portion between the right and left sides is overlapped with egch of the.sector
portions, and each of the sector portions vibrates in a radial directigh in the depression
of the tongue surface portion in a static condition; and
the organ movement setting unit is configured to set mOvements of organs such
that each of the sector portions rotates by a predetermined ahgle toward a far side in a
circumferential direction during swallowing and thep the pseudo-orally-ingested
product is pushed toward a far side by the sector portigh at a farthest side of the tongue
at an end of swallowing.
5. The swallowing simulation apparatus gécording to claim 3 or claim 4, wherein
the head-and-neck modeling unit/1s configured to set the model of the
head-and-neck having a structure where th¢ head-and-neck includes a pharynx, a larynx
portion, and a gullet, the larynx portigh is divided into an epiglottis and a larynx, an
esophageal entrance of the gullet is cgnfigured to be closed before swallowing is started,
and the esophageal entrance is cofifigured to extend and the pharynx is configured to
contract during swallowing; an
the organ movement/Setting unit is configured fo set movements of organs such
that the larynx is configupéd to be moved in a direction to the mental region of the
mandible to open the egbphageal entrance, the pharynx is configured to contract, and
then the epiglotiis is gonfigured to be rotated by a predetermined angle toward the far
side during swallowing so as to close an entrance of the larynx.
6. The gtvallowing simulation apparatus according to any one of claim 1 to claim
5, wherein
e orally-ingested-product physical-property setting uuit is configured to set a
of psendo-orally-ingested products of liquid, semisolid, or solid as the analysis
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target, the pseudo-orally-ingested products having differemt physical properties; and

the movement analysis unit is configured to determine free surfaces of the
plurality of pseudo-orally-ingested products and boundares between the plurality of
pscudo-orally-ingested producls so as {o analyze an interfocking behavior of the
pluralily of pseudo-orally-ingested products,

7. The swallowing simulation apparatus according to any one of claim 1 tg/Claim
6, further comprising

an evaluation/diagnosis unit configured to evaluate or diagnose £asiness of
eating and/or easiness of drinking of the orally-ingested product based opf'the behavior
of the pseudo-oraily-ingested product during swallowed on the mgvement screen,
wherein

the movement screen is a virtual movement screen formegd in a virtual space by
the swallowing simulation apparatus to simulatively display tfe analysis result of the
the behavior of the

analyzed by the movement

movement of ecach of the head-and-neck organs a
pscudo-orally-ingested product during swallowed that ay
analysis unit, and

' the evaluation/diagnosis unit is configure
based on whether or not a behavior of the pseudo Orally-ingested product in the virtual

to make evaluation or diagnosis

movement screen satisfies a predetermined condtion.

8. The swallowing simulaiion appagdtus according to claim 1 or claim 7, further
comprising:

an evaluation/diagnosis-resyd recording unit confipured to record an evaluation
resull or a diagnosis result related §6 easiness of eating and/or casiness of drinking of the
orally-ingested product basc/ on the analysis result of the behavior of the
pscudo-orally-ingested produgt during swallowed; and

a physical properj§ determiner configured to defermine a physical property of
the orally-ingested prodyet regarded as appropriate based on the evaluation or diagnosis

result recorded in the £valuation/diagnosis-result recording unit.

9, A dypémic three~-dimensional model of a head-and-neck including
head-and-neck organs, comprising:

a ¥odel of a tongue as once of head-and-neck organs, the model of the tongue
having A structure divided info » pieces of scctor portions in a near-far direction,

wherein # is an integer equal to or more than 2, while a mental region of a mandible as
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an origin of a genioglossus is set to a pivot of sector;

wherein each of the sector portions is configured to vibrate in cooperation with
one another while having a predetermined phase difference in a radial direction so as to
perform a traveling wave movement by movements of organs to iramsport the
pseudo-orally-ingested product toward a far-side direction.

10. The dynamic three-dimensional model of the head-and-neck according tclaim

9,

wherein the model of the tongue has a structure where a dome shapé portion of
each of the sector portions overlaps with a dome shape portion of anotifer such that a
gap is not formed between the sector portions when each of the sector porflons vibrates,
the dome shape portion being for forming a surface of the tongyg, the model of the
tongue firther has a structure where a tongue surface portion thaj/has both right and left
sides extending in the radial direction and has a depression in A central portion between
the right and left sides is overlapped with each of the sectgl portions, and each of the
sector portions vibrates in a circumferential direction iy'the depression of the tongue
surface portion in a static state;

wherein the model of the fongue is confi
portions rotate by a predetermined angle toward g/Tar side in a circumferential direction

ihgested product is pushed toward the far

red to be set such that the sector

during swallowing and then the pseudo-orally-
side by the sector portion at a farthest side o

wherein the dynamic three-diménsional model of the head-and-neck has a
structure where the head-and-neck inclydes a pharynx, a larynx portion, and a gullet, the
larynx portion is divided into an epiélottis and a larynx, an esophageal entrance of the
gullet is configured to be closed before swallowing is started, and the esophageal
entrance is configured to extghd and the pharynx is configured to contract during

e tongue;

swallowing; and

wherein the dydamic three-dimensional model of the head-and-neck is
configured to be set sugh that the larynx is configured to be moved in a direction to the
mental region of te mandible to open the esophageal entrance, the pharymx is
configwred to cofiract, and then the epiglottis is configured to be rotated by a
predetermined Angle toward the far side so as to close an esophageal entrance during

swallowing,

A swallowing simulation method, comprising:
a head-and-neck modeling step of forming a dynamic three-dimensional model

11.
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of head-and-neck that includes head-and-neck organs;

an organ-movement setfing step of sefling a movement of each of the
head-and-neck organs in the dynamic three-dimensional model of the head-and-neck;

an orally-ingested-product physical-property setting step of setting an
orally-ingested product as an analysis target and a physical property of ft
orally-ingested product;

an input step of inputting a pseudo-orally-ingésted product formed by mgdeling
the orally~ingested product to an oral cavity;

a movement avalyzing step of analyzing the movement of gach of the
head-and-neck organs in the dynamic three-dimensional model of the head-and-neck
and a behavior of the pseudo-orally-ingested product during swallowed using a particle
method; and

a display step of displaying an analysis result of the mg¥ement of each of the
bead-and-neck organs and the behavior of the pseudo-orally/ingested product during
swallowed that are analyzed in a three-dimensional space An the movement analyzing

step, on a movement screen.

12, The swallowing simulation method accordixg to claim 11, further comprising:
an evaluation step of evaluating easinesg’ of eating and/or easiness of drinking
of the orally-ingested product based on the/analysis result of the behavior of the
pseudo-orally-ingested product during swallgwed; and
a physical property determinatigh step of determining a physical propetty of
the orally-ingested product regarded/as appropriate based on an evaluation result
evaluated in the evaluation step.

13. A program readable by a computer, wherein
gured to make the computer execute the swallowing
g to claim 11 or claim 12.

determiner; and
a production condition determiner configured to determine a production




condition that sets a physical property of the orally-ingested product to the physical
property determined as appropriate by the physical properly determiner based on a
prototype result recorded in the orally-ingested-product prototype result recording unit.

15, The orally-ingested-product development assistance apparatus according §
claim 14, further comyprising

an evaluation/diagnosis unit configured to evaluate or diagnosc casipss of
eating and/or easiness of drinking of the orally-ingested product based on the
of the pseudo-orally-ingested product during swallowed, on the movemngent screen,
wherein

the movement screen is a virtual movement sercen formed in & virtual space by
the swallowing simulation apparatus to simulatively display the afalysis result of the
movement of cach of the head-and-neck organs and e behavior of the
pseudo-orally-ingested product during swallowed that ave andlyzed by the movement
analysis unit, and

the evaluation/diagnosis vnit is confignred fo
based on whether or not a behavior of the pseudo-oralfy-ingested product in the virtual

movement screen satisfies a predetesmined conditiog.

1ake evalualion or diagnosis

16. An orally-ingested-product developmefit method, comprising

the swallowing simulafion method gccording to claim 12, wherein

the orally-ingested-product phygical-property setting siep includes a step of
changing the physical property of th¢ orally-ingested product to sct, and a step of
repeatedly performing a subscqueny/process up to the physical property determination
step, or a step of changing the pl#sical property of the orally-ingested product to set, a
siep of repeatedty performing 4 subsequent process up to the evaluation step, and then
collectively performing the physical property determination step,
further comprisip@:
an oraily-ingésted-product prototype production step of perlorming an
experimental produgdion under an appropriately-set production condition to have the

physical propertyAletermined as appropriafe in the physical property determination siep;

oduction condition determination step of determining a production
condition/that gives a physical property of the orally-ingested product to the physical
determined as appropriate in the physical property determinalion step based on
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17. The orally-ingested-product development method according to claim 16,
wherein

the movement screen is a virtual movement screen formed at a virtual space by
a swallowing simulation apparatus {o simulatively display an analysis resuit of A
movement of each of the head-and-neck organs and a behavior of /ihe
pseudo-orally-ingested product during swallowed, the analysis result being analyzed in
the movement analysis step,

the display step is a virtual display step o simulatively display she analysis
result on the virtual movement screen, and

the evaluation/diagnosis step is configured to evaluate whethgt the behavior of
the pséudo—orally—ingested product on the virtval movement £creen simulatively
displayed in the virtual display step meets a predetermined condijfon or not.

18. An orally-ingested-product production method, copdprising

a step of producing the orafly-ingested producy'using a production condition
determined in  the production condition defermination step of  the
orally-ingested-product development method accorgfng to claim 16 or claim 17.

15. A dietary education assistance apparafs, comprising:

the swallowing simulation apparatys according to claim 1 or claim 7;

an evaluation/diagnosis-result reg€ording unit configured to record an evaluation
result or a diagnosis result of easipess of eating and easiness of drinking of the
orally-ingested product based od the analysis result of the behavior of the
pseudo-orally-ingested product gdring swallowed; and

a teaching unit configired to explain the behavior of the pseudo-orally-ingested
product during swallowed/displayed on the movement screen by the display unit
associating with the evAluation result or the diagnosis result of the orally-ingested
product recorded in the evaluation/diagnosis-result recording unit.

20, A dietary education method, comprising:
the syfallowing simulation method according to claim 11;
evaluation step of evaluating easiness of eating and/or easiness of drinking
of the gfally-ingested product based on the analysis result of the behavior of the
pseudg-orally-ingested product during swallowed; and
a teaching step of explaining the behavior of the psemndo-orally-ingested



product during swallowed displayed on the movement screen in the display step
associating with the evaluation result of the orally-ingested product evaluated in the

evaluation step.

21. The swallowing simulation apparatus according to any one of claim 1 to clai
8, further comprising

an organ movement determiner configured to determine an organ moyement
parameter fifting to a behavior or a symptom of an organ of a diagnosed pergbn based
on the analysis result analyzed in the movement analysis unit in the orgay’ movement
parameters set in the organ movement setting unit.

22. A diagnosis assistance apparatus; comprising
the swallowing simulation apparatus according to claim
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dome shape portion of each of the sector portions 1la to lle overlaps with a dome
shape portion of another such that a gap is not formed between the sector portions 11a
to 11e when each of the sector portions 11a to 1le vibrates and the dome shape portion
is for forming a surface of the tongue, the model of the tongue further has a structure
where a tongue surface portion 11g that has both right and left sides extending in the
radial direction and has a depression in a central portion between the right and left sides
is overlapped with each of the sector portions 11a to 11e and each of the sector portions
11a to 1le vibrates in a circumferential direction in the depression of the tongue surface
portion 19 in a static state, the model of the tongue is configured to be set such that the
sector portions 1la to lle rotate by a predetermined angle toward a far side in a
circumferential direction during swallowing and then the pseudo-orally-ingested
product 20 is pushed toward the far side by the sector portion 1le at a farthest side of
the tongue 11;

the dynamic three-dimensional model of the head-and-neck 10a has a structure
where the head-and-neck includes a tongue 11, a palate 15, a pharynx 14, a larynx
portion [2c¢, a trachea 13 and a gullet 18, the larynx portion 12c¢ is divided into an
epiglottis 12a and a larynx 12, an esophageal entrance 18a of the gullet 18 is configured
to be closed before swallowing is started, and the esophageal entrance 18a is configured
to extend and the pharynx 14 is configured to contract during swallowing; and

the dynamic three-dimensional model of the head-and-neck is configured to be
set such that the larynx 12 is configured to be moved in a direction to the mental region
16a of the mandible to open the esophageal entrance 18a, the pharynx is configured to
contract, and then the epiglottis 12a is configured to be rotated by a predetermined angle
toward the far side so as to close an esophageal entrance 18a during swallowing,.

With this configuration, the flow passage of the pseudo-orally-ingested product
20 is formed in the depression without forming gaps between the respective sector
portions 1la to 1le. Then, the pseudo-orally-ingested product 20 is smoothly
transported to the far side. This allows providing the dynamic three-dimensional
model of the head-and-neck that can approximately reproduce the behavior of the
tongue 11, the pharynx 14, the larynx 12, and the gullet 18 during swallowing,.

[0026]

To solve the above-described problem, a swallowing simulation method
according to an eleventh aspect of the present invention, for example, as illustrated in
FIG23 (see FIG 2 for configuration), comprises, a head-and-neck modeling step
(8010) of forming a dynamic three-dimensional model of a head-and-neck 10a that
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CLAIMS

1. A swallowing simulation apparatus, comprising:

a head-and-neck modeling unit configured to form a dynamic three-dimensional
model of a head-and-neck that includes head-and-neck organs;

an organ movement setting unit configured to set a movement of each of the
head-and-neck organs in the dynamic three-dimensional mode] of the head-and-neck;

an orally-ingested-product physical-property setting unit configured to set an
orally-ingested product as an analysis target and a physical property of the orally-
ingested product;

an input unit configured to input a pseudo-orally-ingested product formed by
modeling the orally-ingested product to an oral cavity;

a movement analysis unit configured to analyze the movement of each of the
head-and-neck organs in the dynamic three-dimensional model of the head-and-neck
and a behavior of the pseudo-orally-ingested product during swallowed, in a three-
dimensional space using a particle method; and

a display unit configured to display an analysis result of the movement of each
of the head-and-neck organs and the behavior of the psecudo-orally-ingested product
during swallowed that are analyzed by the movement analysis unit, on a movement

screen.

2. The swallowing simulation apparatus according to claim 1, wherein

the head-and-neck modeling unit is configured to set the head-and-neck organ as
a polygon or particles, and

the movement analysis unit is configured to treat the pseudo-orally-ingested
product as a polygon or particles.

3. The swallowing simulation apparatus according to claim 2, wherein

the head-and-neck modeling unit is configured to set a model of a tongue as one
of head-and-neck organs to have a structure divided into # pieces of sector portions in a
near-far direction, wherein » is an integer equal to or more than 2, while a mental region
of a mandible as an origin of a genioglossus is set to a pivot of sector, and

the organ movement setting unit is configured to set movements of organs such
that each of the sector portions is configured to vibrate in cooperation with one another
while vibrations of different sector portions have predetermined phase differences in a

radial direction so as to perform a traveling wave movement by movements of organs to



transport the pseudo-orally-ingested product toward a far-side direction.

4, The swallowing simulation apparatus according to claim 3, wherein

the head-and-neck modeling unit is configured to form the medel of the tongue
having a structure where dome shape portions of each of the sector portions overlaps
with a dome shape portion of another such that a gap is not formed between the sector
portions when each of the sector portions vibrates, the dome shape portion being for
forming a surface of the tongue, further the head-and-neck modeling unit is configured
to form the model of the tongue having the structure where a tongue surface portion that
has both right and left sides extending in the radial direction and has a depression in a
central portion between the right and left sides is overlapped with each of the sector
portions, and each of the sector portions vibrates in a radial direction in the depression
of the tongue surface portion in a static condition; and

the organ movement setting unit is configured to set movements of organs such
that each of the sector portions rotates by a predetermined angle toward a far side in a
circumferential direction during swallowing and then the pseudo-orally-ingested
product is pushed toward a far side by the sector portion at a farthest side of the tongue
at an end of swallowing.

5. The swallowing simulation apparatus according to claim 3 or claim 4, wherein
the head-and-neck modeling unit is configured to set the model of the head-and-
neck having a structure where the head-and-neck includes a tongue, a palate, a pharynx,
a larynx portion, a trachea and a gullet, the larynx portion is divided into an epiglottis
and a larynx, an esophageal entrance of the gullet is configured to be closed before
swallowing is started, and the esophageal entrance is configured to extend and the
pharynx is configured to contract during swallowing; and
the organ movement setting unit is configured to set movements of organs such
that the larynx is configured to be moved in a direction to the mental region of the
mandible to open the esophageal entrance, the pharynx is configured to contract, and
then the epiglottis is configured to be rotated by a predetermined angle toward the far

side during swallowing so as to close an entrance of the larynx.

6. The swallowing simulation apparatus according to any one of claim 1 to claim 5,
wherein

the orally-ingested-product physical-property setting unit is configured to set a
plurality of pseudo-orally-ingested products of liquid, semisolid, or solid as the analysis
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target, the pseudo-orally-ingested products having different physical properties; and

the movement analysis unit is configured to determine free surfaces of the
plurality of pseudo-orally-ingested products and boundaries between the plurality of
pseudo-orally-ingested products so as to analyze an interlocking behavior of the
plurality of pseudo-orally-ingested products.

7. The swallowing simulation apparatus according to any one of claim 1 to claim 6,
further comprising

an evaluation/diagnosis unit configured to evaluate or diagnose easiness of
eating and/or easiness of drinking of the orally-ingested product based on the behavior
of the pseudo-orally-ingested product during swallowed on the movement screen,
wherein

the movement screen is a virtual movement screen formed in a virtual space by
the swallowing simulation apparatus to simulatively display the analysis result of the
movement of each of the head-and-neck organs and the behavior of the pseudo-orally-
ingested product during swallowed that are analyzed by the movement analysis unit,
and

the evaluation/diagnosis unit is configured to make evaluation or diagnosis
based on whether or not a behavior of the pseudo-orally-ingested pfoduct in the virtual

movement screen satisfies a predetermined condition.

8. The swallowing simulation apparatus according to claim 1 or claim 7, further
comprising:

an evaluation/diagnosis-result recording unit configured to record an evaluation
result or a diagnosis result related to easiness of eating and/or easiness of drinking of the
orally;ingested product based on the analysis result of the behavior of the pseudo-
orally-ingested product during swallowed; and

a physical property determiner configured to determine a physical property of
the orally-ingested product regarded as appropriate based on the evaluation or diagnosis

result recorded in the evaluation/diagnosis-result recording unit.

9. A dynamic three-dimensional model of a head-and-neck including head-and-
neck organs, comprising:

a model of a tongue as one of head-and-neck organs, the model of the tongue
having a structure divided into n pieces of sector portions in a near-far direction,

wherein n is an integer equal to or more than 2, while a mental region of a mandible as
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an origin of a genioglossus is set to a pivot of sector;

wherein each of the sector portions is configured to vibrate in cooperation with
one another while having a predetermined phase difference in a radial direction so as to
perform a traveling wave movement by movements of organs to transport the pseudo-

orally-ingested product toward a far-side direction.

10.  The dynamic three-dimensional model of the head-and-neck according to claim
9,

wherein the model of the tongue has a structure where a dome shape portion of
each of the sector portions overlaps with a dome shape portion of another such that a
gap 1s not formed between the sector portions when each of the sector portions vibrates,
the dome shape portion being for forming a surface of the tongue, the model of the
tongue further has a structure where a tongue surface portion that has both right and left
sides extending in the radial direction and has a depression in a central portion between
the right and left sides is overlapped with each of the sector portions, and each of the
sector portions vibrates in a circumferential direction in the depression of the tongue
surface portion in a static state;

wherein the model of the tongue is configured to be set such that the sector
portions rotate by a predetermined angle toward a far side in a circumferential direction
during swallowing and then the pseudo-orally-ingested product is pushed toward the far
side by the sector portion at a farthest side of the tongue;

wherein the dynamic three-dimensional model of the head-and-neck has a

structure where the head-and-neck includes a tongue, a palate, a pharynx, a larynx
portion, a trachea and a gullet, the larynx portion is divided into an epiglottis and a
larynx, an esophageal entrance of the gullet is configured to be closed before
swallowing is started, and the esophageal entrance is configured to extend and the
pharynx is configured to contract during swallowing; and

wherein the dynamic three-dimensional model of the head-and-neck is
configured to be set such that the larynx is configured to be moved in a direction to the
mental region of the mandible to open the esophageal entrance, the pharynx is
configured to contract, and then the epiglottis is configured to be rotated by a
predetermined angle toward the far side so as to close an esophageal entrance during

swallowing.

11.  Aswallowing simulation method, comprising:

a head-and-neck modeling step of forming a dynamic three-dimensional model
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of head-and-neck that includes head-and-neck organs;

an organ-movement setting step of setting a movement of each of the head-and-
neck organs in the dynamic three-dimensional model of the head-and-neck;

an orally-ingested-product physical-property setting step of setting an orally-
ingested product as an analysis target and a physical property of the orally-ingested
product;

an input step of inputting a pseudo-orally-ingested product formed by modeling
the orally-ingested product to an oral cavity;

a movement analyzing step of analyzing the movement of each of the head-and-
neck organs in the dynamic three-dimensional model of the head-and-neck and a
behavior of the pseudo-orally-ingested product during swallowed using a particle
method; and

a display step of displaying an analysis result of the movement of each of the
head-and-neck organs and the behavior of the pseudo-orally-ingested product during
swallowed that are analyzed in a three-dimensional space in the movement analyzing

step, on a movement screen.

12.  The swallowing simulation method according to claim 11, further comprising:

an evaluation step of evaluating easiness of eating and/or easiness of drinking of
the orally-ingested product based on the analysis result of the behavior of the pseudo-
orally-ingested product during swallowed; and

a physical property determination step of determining a physical property of the
orally-ingested product regarded as appropriate based on an evaluation result evaluated

in the evaluation step.

13. A program readable by a computer, wherein
the program is configured to make the computer execute the swallowing

simulation method according to claim 11 or claim 12.

14.  An orally-ingested-product development assistance apparatus, comprising:

the swallowing simulation apparatus according to claim &;

an orally-ingested-product prototype result recording unit configured to record a
result of an experimental production performed under an appropriately-set production
condition to have the physical property determined as appropriate by the physical
property determiner; and

a production condition determiner configured to determine a production
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condition that sets a physical property of the orally-ingested product to the physical
property determined as appropriate by the physical property determiner based on a

prototype result recorded in the orally-ingested-product prototype result recording unit.

15. The orally-ingested-product development assistance apparatus according to
claim 14, further comprising

an evaluation/diagnosis unit configured to evaluate or diagnose easiness of
eating and/or easiness of drinking of the orally-ingested product based on the behavior
of the pseudo-orally-ingested product during swallowed, on the movement screen,
wherein

the movement screen is a virtual movement screen formed in a virtual space by
the swallowing simulation apparatus to simulatively display the analysis result of the
movement of each of the head-and-neck organs and the behavior of the pseudo-orally-
ingested product during swallowed that are analyzed by the movement analysis unit,
and

the evaluation/diagnosis unit is configured to make evaluation or diagnosis
based on whether or not a behavior of the pseudo-orally-ingested product in the virtual

movement screen satisfies a predetermined condition.

16.  An orally-ingested-product development method, comprising

the swallowing simulation method according to claim 12, wherein

the orally-ingested-product physical-property setting step includes a step of
changing the physical property of the orally-ingested product to set, and a step of
repeatedly performing a subsequent process up to the physical property determination
step, or a step of changing the physical property of the orally-ingested product to set, a
step of repeatedly performing a subsequent process up to the evaluation step, and then
collectively performing the physical property determination step,

further comprising:

an orally-ingested-product prototype production step of performing an
experimental production under an appropriately-set production condition to have the
physical property determined as appropriate in the physical property determination step;
and

a production condition determination step of determining a production condition
that gives a physical property of the orally-ingested product to the physical property
determined as appropriate in the physical property determination step based on the
result in the orally-ingested-product prototype production step.
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17. The orally-ingested-product development method according to claim 16,
wherein

the movement screen is a virtual movement screen formed at a virtual space by a
swallowing simulation apparatus to simulatively display an analysis result of a
movement of each of the head-and-neck organs and a behavior of the pseudo-orally-
ingested product during swallowed, the analysis result being analyzed in the movement
analysis step,

the display step is a virtval display step to simulatively display the analysis
result on the virtual movement screen, and

the evaluation/diagnosis step is configured to ¢valuate whether the behavior of
the pseudo-orally-ingested product on the virtual movement screen simulatively

displayed in the virtual display step meets a predetermined condition or not.

18.  An orally-ingested-product production method, comprising
a step of producing the orally-ingested product using a production condition
determined in the production condition determination step of the orally-ingested-

product development method according to claim 16 or claim 17.

19.  Adietary education assistance apparatus, comprising:

the swallowing simulation apparatus according to claim 1 or claim 7;

an evaluation/diagnosis-result recording unit configured to record an evaluation
result or a diagnosis result of easiness of eating and easiness of drinking of the orally-
ingested product based on the analysis result of the behavior of the pseudo-orally-
ingested product during swallowed; and

a teaching unit configured to explain the behavior of the pseudo-orally-ingested
product during swallowed displayed on the movement screen by the display unit
associating with the evaluation resuit or the diagnosis result of the orally-ingested
product recorded in the evaluation/diagnosis-result recording unit.

20.  Adietary education method, comprising:

the swallowing simulation method according to claim 11;

an evaluation step of evaluating easiness of eating and/or easiness of drinking of
the orally-ingested product based on the analysis result of the behavior of the pseudo-
orally-ingested product during swallowed; and

a teaching step of explaining the behavior of the pseudo-orally-ingested product
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during swallowed displayed on the movement screen in the display step associating

with the evaluation result of the orally-ingested product evaluated in the evaluation step.

21.  The swallowing simulation apparatus according to any one of claim 1 to claim 8§,
further comprising

an organ movement determiner configured to determine an organ movement
parameter fitting to a behavior or a symptom of an organ of a diagnosed person based
on the analysis result analyzed in the movement analysis unit in the organ movement

parameters set in the organ movement setting unit.

22. A diagnosis assistance apparatus; comprising

the swallowing simulation apparatus according to claim 21.

23. A non-transitory computer readable medium containing program instructions for

making a computer to execute the swallowing simulation method according to claim 11.



