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Development of maxillofacial palpation training system using simplified mesh
free method with a spring element

Toshimitsu, Kazuhiko
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The research is a fundamental study on the development of a VR Balpation
training system, which can produce deformation and reacting force on the affected part by PC and a
haptic interface in order to learn the palpation skill. We focus on elastic deformation analysis for
the system. The numerical model can be constructed of point data through CT or MRI images. We use
two numerical simulation methods. One is a meshless analysis with a simple spring element. Another
is particle method that is based on an elastic body. In the former, we success to operate the system
in real time. In the latter, the particle method is applied for deformation of soft tissue with
homogeneous and nonhomogeneous stiffness. The numerical results are verified by Finite Element
Method (FEM). As a result, the both of deformations are qualitatively agree with. However, there is
some difference of stress distribution between MPS and FEM analyses. Hence, we should improve the
numerical scheme of MPS.
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Fig.2 Virtual maxillofacial model: (a) FEM
model (5921 nodes, 28153 tetrahedral elements);
(b) only nodes model (18821 nodes)

Fig.3 Simplified mesh free method and local area
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Fig.4 Virtual maxillofacial model for Particle
Method with 95242 points: the left and right
figures show a whole analysis model and local
analysis region respectively.
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Fig. 5 MPS Particle model with 2mm particle
distance
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Fig. 6 FEM model by SolidWorks simulation

1Ll - ea

EREEEER EEE EEEEEER 323
EEEEEEN n EEEEEEE 160
EENEEEEEEEEEEEEEEEEREN 140
EEEEEEEE [ EEEEEEER 120
EEEEEEEESEEEENEEEEEN 100
EEEEESEEEEEESEEEEEEER 20
EEEEEEEEENEEEEEEEEER 80
EEEEEEEEEEEEEEEEENEEES 40
EEEEEEER EEEEEEER 20
EEEEEEEEEE SN EEEEEEEER 0

Fig.7 Pressure distribution on cross-section
ABCD by MPS
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Fig.8 Von Mises stress distribution on
cross-section ABCD by FEM
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Fig. 9 Comparison of displacements at center of
palpation by MPS and FEM with lamp under
applying load 200 Pa.
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Fig.10 Comparison of displacements at center of
palpation by MPS and FEM without lamp under
applying load 200 Pa.
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Fig.11 Comparison of displacements at center of
palpation by MPS and FEM with lamp under
applying load 300 Pa.
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Fig.12 Comparison of displacements at center of
palpation by MPS and FEM without lamp under
applying load 300 Pa.
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