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Development and validation of swallowing simulator Swallow Vision
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To clarify the mechanisms of swallowing and aspiration, we have developed swallowing simulator “Swallow Vision.”
The organs and food bolus were modeled as hyperelastic material and fluid, respectively, and their coupling analysis was
performed using moving particle simulation method. Swallowing motion was modeled using contraction stress of the
pharyngeal constrictor muscles and forced displacements of some particles of the other organs. In this study, the validity
of simulation results was confirmed by comparison of food bolus flow of simulation and videofluorography images.
Furthermore, a swallowing during high-resolution manometry test was simulated, and the pressure applied to the

manometry was analyzed.
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Fig. 1 Surface model Fig. 2 Particle model (Black particles shift

by forced displacements.)
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Fig.3 Input trajectries of foced displacements
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Fig.4 Assignment of the muscle fiber direction to the organ particles
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Table 1 Parameters of simulation

Organ Density 1.0X 103 [kg/m’]
Shear modulus Cy 1037 [Pa]
Shear modulus C, 486 [Pa]
Bulk modulus D 1.0 X 10 [Pa]
Bolus Density 1.0X 10° [kg/m?]
Kinematic viscosity v 221X 10°[m%s]
Surface tension coefficient 6.97 X107 [N/m]
Contact angle (Tongue, pharynx)-bolus 43 [deg]
Palate-bolus 75 [deg]
(Larynx, epiglottis}-bolus 90 [deg]
Hard Target region:
Bolus Soft  neighborhood the epiglottis

palate

(M
Larynx Epiglottis  (q)

[
Esophagus
(c)1.75s

(@) 1.00s

Fig.6 VF images (Red dashed line indicates
target region for comparison in sec. 4.2.)
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|
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Fig.7 Lateral view of pharyngeal muscle stress driven model
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Fig. 8 Comparison of normalized brightness of simulation and VF images
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Fig.9 Simulation results of water swallowing with HRM
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Fig. 10 HRM spatiotemporal plot of simulation results
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