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Modeling and visualization of swallowing action using the 3-dimentional computer swallowing

simulator “Swallow Vision®”
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Abstract: The aim of the present study was to correlate the movements of the human organs with the bolus flow
configuration, including changes in the physical properties of a bolus, using “Swallow Vision®,” a 3-dimensional human
swallowing simulator. Swallow Vision® was developed through the use of realistic human organ models and a meshless
3-dimensional moving particle simulation method. The human organ model used to create Swallow Vision® was
reconstructed using computed tomography images and video fluorography images. The quantitative and qualitative
accuracy of the bolus flow configuration and organ movement depicted by Swallow Vision® has already been validated.
Swallow Vision® could visualize changes in a food bolus configuration to be presented as a 4-dimensional movie with
real-time changes in perspective. And also the numerical visualization made possible with Swallow Vision® correlated with
the complex movements of human organs, as well as the bolus flow configuration, including the associated changes in

physical properties.
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Fig. 1 Technical components of Swallow Vision®
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Fig. 2 Modeled objects of human organ



(a)
Fig. 3 Static modeling process of human organs.
(a) 3D constriction by CT images, (b) Extraction of bone
structure and air, (c) Extraction and drawing of organs.
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Fig. 4 Difference between surface on the chemical fiber and
the human organ

(a) Surface on chemical fiber Surface on organs
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Fig. 5 Qualitative validation result of Swallow Vision ®
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Fig. 6 Quantitative validation result of Swallow Vision ®
(a) Brightness changes in the red broken square:ROI on VF
image, (b) Changes of normalized brightness in the ROI.
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Fig. 7 Comparison of bolus configuration between swallowing

(Upper : Water, Lower : Thickener:Tromake SP 2wt%)
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Fig. 8 Comparison of shear rate profile between
water and thickener
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Fig. 9 Viscosity changes during swallowing
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Fig. 10 Profile of forces on human organ and resultant force
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Fig. 11 Path lines of aspirated particle
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