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Swallowing Simulator Developed to Clarify Physical Features of Food Suitable

for People with Swallowing Dillculties

Yukihiro MICHIWAKI", Takahiro KIKUCHI and Mitsuhiro SONOMURA

Oral Surgery Division, Japanese Red Cross Musashino Hospital, Tokyo 180-8610

ABSTRACT

A parameter study using the swallowing simulator Swallow Vision® was performed
to clarify food texture suitable for people with swallowing diCJculties. Two types of
numerical model were made from medical images: a 25-year-old healthy volunteer
and a 78-year-old patient with a history of aspiration pneumonia. The two models
were clearly dilerent from each other in features and swallowing movement. The
Newtonian liquid flow was analyzed using MPS method (Particleworks®) among
the meshless numerical methods. The results provided new knowledge about shear
rate changes over time and distinct differences between the two models. The
swallowing simulator was considered useful in analyzing every affect involving
swallowing diClculties from patients to food texture. Additional study is necessary
to analyze the effects of non-Newtonian fluid and elastic food on swallowing
dilculties. Soy Protein Research, Japan 17, 32-36, 2014.
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Fig. 2. Three dimensional structure images
superimposed on VF frames. (a) Oral phase of
swallowing with the bolus on the tongue. (b)
The bolus was transferred into the pharynx
(pharyngeal phase). The epiglottis rotated to
cover the inlet of the larynx. (c) After bringing
the bolus into the esophagus (esophageal
phase), every organ returned to the position
for respiration. 3D structure images fit well to
VF images over the whole swallowing phases.

Fig. 1. How to make 3D structure images of swallowing organs. (a) Mid-sagittal section of CT image, (b) CT
images were arranged on clear polygons. (c) To verify the structure, 3D reconstructed organs were
superimposed on the CT images. (d) 3D structure image of the whole swallowing organs.
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Fig. 3. The Swallow Vision® simulated organs’] movement and bolus flow. (a) At the beginning of swallowing,
the bolus residue is in a cavity on the tongue surface, and the organs are preparing to contract. (b) The
tongue begins transferring the bolus to the pharynx in a traveling wave movement. (c) The tongue
continues transferring the bolus, which enters the pharynx. (d) The proximal bolus enters the esophagus
while the distal bolus settles between the tongue base and epiglottis (valleculla). During this phase, the
tongue continues to lift closing the nasopharyngeal space and preventing backflow of the bolus. The

epiglottis tilts down to close the laryngeal inlet.
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Fig. 4. Swallow Vision® can analyze not only liquid
bolus flow but also the shear rate change.
These rear and side view images of a
25-year-old healthy volunteer show the bolus
configuration and shear rate over time. The
bolus flows smoothly and quickly.
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Fig. 5. The simulation images of a 78-year-old male
patient model with opening esophagus inlet
show that the bolus scatters in the pharynx
and flows more slowly than that of the healthy
volunteer. The shear rate was slower than
that of the healthy volunteer.
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