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Study of preoperative simulation of oral implant treatment by 3D FEA
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Abstract

Purpose : The aim of this study was to investigate the most
mechanically useful treatment of dental implants to each
case by creating an analysis model using CT data of an ac-
tual patient, reproducing postoperative conditions of pros-
thesis superstructure based on waxing up in a working
model, and simulating preoperatively the mechanical move-
ment after inserting implants.

Methods : The stent for the CT imaging of implants was
created and the CT data in an actual patient while using the
stent were simulated preoperatively with implant simulation
software BIONA (Wadaseimitsu Inc., Japan).The simulated
program files, the 3Ddata of the model and the data of
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waxing up in superstructure were double—scanned, and thus
the STL file was created and analyzed.

Results : The equivalent stress was calculated regarding the
implant surrounding bone, the implant body and the implant
superstructure respectively. Consequently, in this case it
was recognized that as the implant size grew lager, the
equivalent stress didn’t decrease, and that the equivalent
stress increased or decreased depending on the implant in-
serted site or its size.

Conclusions : The mechanical simulation can be performed
preoperatively by constructing the STL file from the CT

data in an actual patient using implant simulation software.
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Fig.3 Stl-model
Upper left : Stl-model of final restration. Upper right : Stl-model

of tooth. Bottom left : Stl-model of mandibular. Bottom right :
Stl-model of Implant
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FEM model

Fig.4 FEM-model
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Table.1 Material properties

Material Young’s modulus Poisson’ratio
Bone 14,800 MPa 0.4
Tooth 60,000 MPa 0.3

Titanium 108,000 MPa 0.28

Hybrid regin 20,000 MPa 0.3

W titanium

®hybrid

implant
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Fig.5 Maximum equivalent stress generated in the surrounding
bone of the implant when the superstructure is comeposed of a ti-
tanium alloy and a hybrid.
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Fig.6 Maximum equivalent stress generated in the superstructure
of the implant when the superstructure is comeposed of a tita-
nium alloy and a hybrid.
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Fig.7 Maximum equivalent stress generated in the implant when
the superstructure is comeposed of a titanium alloy and a hybrid.
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Fig.8 Contour diagram of stress equivalent to bone around the

implant.
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Fig.9 Contour diagram of the stress equivalent to the superstruc-
ture of the implant.
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