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Human swallowing simulation by the Hamiltonian MPS method
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Swallowing is a complex motion which involves the oral cavity, the pharynx, the larynx
and the esophagus and takes about one second. Because it is difficult to analyze the quick and
complex motion by small organs during swallowing, the mechanism of swallowing has not
been fully understood. In the numerical simulation, the finite element method has been
applied in this field [1], however, the shape of organs was excessively simplified and the
motion was not smooth.

In this study, we applied the particle method for swallowing simulation, which was
expected to be useful to analyze large deformation without mesh generation.

The particles were arranged based from the CT (Computed Tomography) and the VF (Video
Fluorography) images of head and neck of a normal volunteer (25-year old male) who
provided an informed consent for this study. The particles were generated not in whole neck
but in surface having some thickness because of less computational cost. The soft tissue
organs were treated as a nonlinear elastic material of Hamiltonian MPS (HMPS) method [2].
For its stability, viscous forces based on the MPS method and auxiliary potential forces [3]
were also employed. The contact forces between the wall surfaces were calculated using the
penalty method. The movements of muscles were modeled as control points, which were
some particle groups shifted with enforced displacements, placed in consideration of muscle
arrangements and swallowing function so that this model reflected the medical background.
The other particles of organs were passively deformed.

As a result, every organ in this simulation moved smoothly during the whole swallowing
period. The large deformation such as hypopharynx was simulated stably by auxiliary
potential forces and HMPS using hyperelastic constitutive laws. There were little volume
changes of organs and no unnatural behaviour of particles such as passing through each other.

In future, we will validate these results by comparing with swallowing pressures from
human measurement. We will develop a method of simulation with external force that reflects
the power of the muscle instead of giving the coordinates.
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Fig. 1 Simulation of swallowing (Black particles were control points.)
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