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dome shape portion of each of the sector portions 11 a to I1 e overlaps with a dome 

shape portion of another such that a gap is not formed between the sector portions lla 

to lle when each of the sector portions I la to Ile 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 llg 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 s es 

is overlapped with each of the sector portions lla to lie and each of the ..ector 

portions' la to lie vibrates in a circumferential direction in the depression oft 	tongue 

surface portion 19 in a static state, the model of the tongue is configured to De set such 

that the sector portions Ila to 11 e rotate by a predetermined angle toward 	far side in a 

circumferential direction during swallowing and then the pseud -orally-ingested 

product 20 is pushed toward the far side by the sector portion Ile • 	a farthest side of 

the tongue 11; 

the dynamic three-dimensional model of the head-and- eck 10a has a structure 

where the head-and-neck includes a pharynx 14, a larynx p -lion 12e and a gullet 18, 

the larynx portion 12c is divided into an epiglottis 12a ar 	a larynx 12, an esophageal 

entrance 18a of the gullet 18 is configured to be closed 	fore swallowing is started, and 

the esophageal entrance 18a is configured to extend 	d the pharynx 14 is configured to 

contract during swallowing; and 

the dynamic three-dimensional model o' the head-and-neck is configured to be 

set such that the larynx 12 is configured to be . oved in. a direction to the mental region 

16a of the mandible to open the esophage, 	entrance 18a, the pharynx is configured to 

contract, and then the epiglottis 12a is co.. gured to be rotated by a predetermined angle 

toward the far side so as to close an esophageal entrance 18a during swallowing. 

With this configuration, tl r flow passage of the pseudo-orally-ingested product 

20 is fonned in the depressio 	without forming gaps between the respective sector 

portions lla to 	lle. 	The 	the pseudo-orally-ingested product 20 is smoothly 

transported to the far sid . 	This allows providing the dynamic three-dimensional 

model of the head-and- . eek that can approximately reproduce the behavior of the 

tongue 11, the pharyn 	14, the larynx 12, and the gullet 18 during swallowing. 

[0026] 

To s. ye the above-described problem, a swallowing simulation method 

according t. an eleventh aspect of the present invention, for example, as illustrated in 

FIG.23 	'see FIG. 2 for configuration), comprises, a head-and-neck modeling step 

(S010 	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 o the 

head-and-neck organs in the dynamic three-dimensional model of the head-and-n' ek; 

. 	an orally-ingested-product physical-property setting unit configured o set an 

orally-ingested product as an analysis target and a physical prop. 	of the 

orally-ingested product; 

• an input unit configured to input a pseudo-orally-ingested p • 4 duct formed by 

modeling the orally-ingested product to an oral cavity; 

a movement analysis unit configured to analyze the m4 ement 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 produc 	during swallowed, in a 

three-dimensional space using a particle method; and 

a display unit configured to display an analys., result of the movement of each 

of the head-and-neck organs and the behavior of i.e pseudo-orally-ingested product 

during swallowed that are analyzed by the inc 	ment analysis unit, on a movement 

screen. 

2. The swallowing simulation app o us according to claim 1, wherein 

the head-and-neck modeling 	t is configured to set the head-and-neck organ 

as a polygon or particles, and 

the movement analysis . 4 t is configured to treat the pseudo-orally-ingested 

product as a polygon or partici 

3. The swallowing 	4 ulation apparatus according to claim 2, wherein 

the head-and- • - ck modeling unit is configured to set a model of a tongue as 

one of head-and-nee organs to have a structure divided into n pieces of sector portions 

in a near-far dire 	on, wherein it is an integer equal to or more than 2, while a mental 

region of a m • i ble 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 • orations of different sector portions have predetermined phase differences in a 

radio direction so as to perform a traveling wave movement by movements of organs to 
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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 s- for 

portions when each of the sector portions vibrates, the dome shape pOrtion bed g for 

forming a surface of the tongue, further the head-and-neck modeling unit is cr, nfigured 

to form the model of the tongue having the structure where a tongue surface . ortion that 

has both right and left sides extending in the radial direction and has a . - pression in a 

central portion between the right and left sides is overlapped with e 	h of the. sector 
portions, and each of the sector portions vibrates in a radial directi. 	in the depression 
of the tongue surface portion in a static condition; and 

the organ movement setting unit is configured to set i 9 vements of organs such 

that each of the sector portions rotates by a predetermined ugle toward a far side in a 

circumferential direction during swallowing and the t 	the pseudo-orally-ingested 

product is pushed toward a far side by the sector porti. s at a farthest side of the tongue 

at an end of swallowing. 

5. The swallowing simulation apparatus 	cording 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 	head-and-neck includes a pharynx, a larynx 

portion, and a gullet, the larynx porti. 	is divided into an epiglottis and a larynx, an 

esophageal entrance of the gullet is c ',Irrigated to be closed before swallowing is started, 
and the esophageal entrance is c. 	igured to extend and the pharynx is configured to 

contract during swallowing; an. 

the organ movemen 	etting unit is configured to set movements of organs such 

that the larynx is confi r — d 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 , onfigured to be rotated by a predetermined angle toward the far 

side during swallo 	a g so as to close an entrance of the larynx. 

6. The 	allowing simulation apparatus according to any one of claim 1 to claim 

5, wherein 

a e orally-ingested-product physical-property setting unit is configured to set a 

plura 	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 nee 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 t. claim 

6, farther comprising 

an evaluation/diagnosis unit configured to evaluate or diagnose 	asiness of 

eating and/or easiness of drinking of the orally-ingested product based o . the behavior 

of the pseudo-orally-ingested product during swallowed on the m. ement screen, 

wherein 

the movement screen is a virtual movement screen forme in a virtual space by 

the swallowing simulation apparatus to simulatively display t e analysis result of the 

movement of each of the head-and-neck 	organs 	a d 	the 	behavior 	of the 

pseudo-orally-ingested product during swallowed that a • 	analyzed by the movement 

analysis unit, and 

the evaluation/diagnosis unit is configure 	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 con. lion. 

8. The swallowing simulation appa • tus according to claim 1 or claim 7, further 

comprising: 

an evaluation/diagaosis-res 	recording unit configured to record an evaluation 

result or a diagnosis result related . easiness of eating and/or easiness of drinking of the 

orally-ingested product base 	on 	the 	analysis result of the 	behavior of the 

pseudo-orally-ingested produ ' during swallowed; and 

a physical proper 	determiner configured to determine a physical property of 

the orally-ingested pro.. et regarded as appropriate based on the evaluation or diagnosis 

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

9. A 	dynamic 	three-dimensional 	model 	of 	a 	head-and-neck 	including 

head-and-nec organs, comprising: 

a 	odel of a tongue as one of head-and-neck organs, the model of the tongue 

having . structure divided into n pieces of sector portions in a near-far direction, 

whey. n 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 t. claim 

9, 
wherein the model of the tongue has a structure where a dome shay portion of 

each of the sector portions overlaps with a dome shape portion of arm • er such that a 

gap is not formed between the sector portions when each of the sector .ortions vibrates, 

the dome shape portion being for forming a surface of the ton_ 	, the model of the 

tongue further has a structure where a tongue surface portion tha . as both right and left 

sides extending in the radial direction and has a depression in . central portion between 

the right and left sides is overlapped with each of the sectra: portions, and each of the 

sector portions vibrates in a circumferential direction 	the depression of the tongue 

surface portion in a static state; 
wherein the model of the tongue is confl 	•ed to be set such that the sector 

portions rotate by a predetermined angle toward • far side in a circumferential direction 

during swallowing and then the pseudo-orally-'.. gested product is pushed toward the far 

side by the sector portion at a farthest side o 	. e tongue; 

wherein the dynamic three-d' . nsional model of the head-and-neck has a 

structure where the head-and-neck Mel . des a pharynx, a larynx portion, and a gullet, the 

larynx portion is divided into an ep _lottis and a larynx, an esophageal entrance of the 

gullet is configured to be clos - . before swallowing is started, and the esophageal 

entrance is configured to ext 	d and the pharynx is configured to contract during 

swallowing; and 
wherein the d 	amic three-dimensional model of the head-and-neck is 

configured to be set su• . that the larynx is configured to be moved in a direction to the 

mental region of 	,:e mandible to open the esophageal entrance, the pharynx is 

configured to co tract, and then the epiglottis is configured to be rotated by a 

predetermined .. gle toward the far side so as to close an esophageal entrance during 

swallowing. 

11. A swallowing 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 tree-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 t 

orally-ingested product; 

an input step of inputting a pseudo-orally-ingested product formed by my. doling 

the orally-ingested product to an oral cavity; 

a movement analyzing step of analyzing the movement of • ach of the 

head-and-neck organs in the dynamic three-dimensional model of the lead-and-neck 

and a behavior of the pseudo-orally-ingested product during swallow 	using a particle 

method; and 

a display step of displaying an analysis result of the m• ement of each of the 

head-and-neck organs and the behavior of the pseudo-orall mgested product during 

swallowed that are analyzed in a three-dimensional space 	1 the movement analyzing 

step, on a movement screen. 

12. The swallowing simulation method accord 	g 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 th- analysis result of the behavior of the 

pseudo-orally-ingested product during swal wed; and 

a physical property determinati.. step of determining a physical property of 

the orally-ingested product regarde. as appropriate based on an evaluation result 

evaluated in the evaluation step. 

13. A program readable b a compute; wherein 

the program is c... gored to make the computer execute the swallowing 

simulation method accor. ig to claim 11 or claim 12. 

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

the swal •wing simulation apparatus according to claim 8; 

an or.. y-ingested-product prototype result recording unit configured to record 

a result of 	experimental production performed under an appropriately-set production 

conditio 	to have the physical property determined as appropriate by the physical 

prope 	determiner; and 

a production condition determiner configured to determine a production 
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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 	• 

claim 14, further comprising 

an evaluation/diagnosis unit configured to evaluate or diagnose Iasi. -ss of 

eating and/or easiness of drinking of the orally-ingested product based on th 	sehavior 

of the pseudo-orally-ingested product during swallowed, on the move ent screen, 

wherein 

the movement screen is a virtual movement screen formed in 	virtual space by 

the swallowing simulation apparatus to simulatively display the 	alysis result of the 

movement of each 	of the 	head-and-neck organs 	and 	c 	behavior 	of the 

pseudo-orally-ingested product during swallowed that are ai 	yzcd by the movement 

analysis unit, and 

the evaluation/diagnosis unit is configured to 	take evaluation or diagnosis 

based on whether or not a behavior of the pseudo-or'. y-ingested product in the virtual 

movement screen satisfies a predetermined conditio . 

16. An orally-ingested-product developm • it method, comprising 

the swallowing simulation method 	cording to claim 12, wherein 

the orally-ingested-product phy: cal-property setting step includes a step of 

changing the physical property of t 	orally-ingested product to set, and a step of 

repeatedly performing a subsequen process up to the physical property determination 

step, or a step of changing the p r sical property of the orally-ingested product to set, a 

step of repeatedly performing . subsequent process up to the evaluation step, and then 

collectively performing the •• mysical. property determination step, 

further comprisi g: 

an orally-in:stud-product prototype production step 	of performing an 

experimental prod 	on under an appropriately-set production condition to have the 

physical property " etramined as appropriate in the physical property determination step; 

and 

a 	r. oduetion condition determination step of determining a production 

conditio 	at gives a physical property of the orally-ingested product to the physical 

propel 	determined as appropriate in the physical property determination step based on 

the 	•suit 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 

movement of each 	of the 	head-and-neck 	organs 	and 	a 	behavior 	of the 

pseudo-orally-ingested product during swallowed, the analysis result being anal zed in 

the movement analysis step, 

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

the evaluation/diagnosis step is configured to evaluate whe 	the behavior of 

the pseudo-orally-ingested product on the virtual movement 	Green simulatively 
displayed in the virtual display step meets a predetermined condi . on or not. 

18. An orally-ingested-product production method, co .prising 

a step of producing the orally-ingested produc using a production condition 
determined 	in 	the 	production 	condition 	. etermination 	step 	of 	the 

orally-ingested-product development method accor., . g to claim 16 or claim 17. 

19. A dietary education assistance app 	s, comprising: 

the swallowing simulation appara 	according to claim 1 or claim 7; 
an evaluation/diagnosis-result r 	ording unit configured to record an evaluation 

result or a diagnosis result of eas ,ess of eating and easiness of drinking of the 
orally-ingested product based 	4. 	the analysis result of the behavior of the 

pseudo-orally-ingested product 4 i 	1g swallowed; and 

a teaching unit confirm ed to explain the behavior of the pseudo-orally-ingested 

product during swallowc. displayed on the movement screen by the display unit 

associating with the ev nation result or the diagnosis result of the orally-ingested 

product recorded i.0 i 	evaluation/diagnosis-result recording unit. 

20. A diet. r• education method, comprising• 

the s 'allowing simulation method according to claim 11; 

• • valuation step of evaluating easiness of eating and/or easiness of drinking 

of the . ally-ingested product based on the analysis result of the behavior of the 

pseu I ,, -orally-ingested product during swallowed; and 

a teaching step of explaining the behavior of the pseudo-orally-ingested 
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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 el. pi. 

8, further comprising 

an organ movement determiner configured to determine an organ mo 	rnent 

parameter fitting to a behavior or a symptom of an organ of a diagnosed per on based 

on the analysis result analyzed in the movement analysis unit in the org. , 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 Ila to 11 e overlaps with a dome 

shape portion of another such that a gap is not formed between the sector portions 11 a 

to 11 e when each of the sector portions 11a to l le 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 Ila to 11 e and each of the sector portions 

lla to lle 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 lla to 11 e 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 11 e 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 12c, 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 	lla to 	1 1 e. 	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 

FIG.23 	(see FIG. 2 for configuration), comprises, a head-and-neck modeling step 

(S010) 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 model 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 pseudo-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 n pieces of sector portions in a 

near-far direction, wherein ii 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 
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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 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 product 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 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, 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. A swallowing 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 8; 

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. 



62 

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 virtual display step to simulatively display the analysis 

result on the virtual movement screen, and 

the evaluation/diagnosis step is configured to evaluate 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. A dietary 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 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 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. 


