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Three Dimensional Optimum Design of Endosseous Implant in Dentistry by
Multilevel Optimization Method
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Abstract

An optimum design problem for endosseous implant in dentistry is studied to find best implant design.
An optimum design problem is formulated to reduce stresses arising at the cortical as well as cancellous
bones, in which sufficient design parameters are chosen for design definition that encompasses major
implants in popular use. Optimization at once (OAQ) with the large number of design variables, however,
causes too costly solution or even failure to converge. A concept of multilevel optimization (MLO) is
employed to this end, which is to group the design variables of similar nature, solve the sub-problem of
smaller size for each group in sequence, and this is iterated until convergence. Each sub-problem is solved

based on the response surface method (RSM) due to its efficiency for small sized problem.
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Fig. 1 Endosseous Implant in the Mandible
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Young's Modules Poisson's Ratio
Implant 117 GPa 0.34
Cortical Bone 13.7GPa 0.30
Cancellous Bone 1.37GPa 0.30
Artificial Teeth 70 GPa 0.19

Table 1. Material Properties of Implant, Bone and Artificial Teeth
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(a) Straight Line and Spline Model (b) Implant Screw at the Interface  (c) Implant Screw at the Interface
of Cancelleous Bone of Cortical Bone

Fig. 3 Design Variable Groups of Implant Model
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Fig. 4 Maximum Stress Behavior Fig. 5 Extracted Direction Fig. 6 Von-Mises Stress
at Cancellous Bone with Respect of the von-Mises Stress at the Interface
to the Number of Nodes Value at the Interface of the Initial Model
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von-Alises Stress (MPa)

(a) 3D Model  (b) Axisymmetric Model

Fig. 7 von-Mises Stress at the Interface Fig. 8 Optimum Shape of Implant
of Cancellous Bone for with the Objective to Minimize Max.
Axi-symmetric & 3-D model Stress at Cancellous Bone
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5% gz Hd ¥ Haish ArMPa) ALE Hd 59 235 dai\Pa)
2% SHZ) A )38 ALY EEEEER s e Hoey
27|13 15.65 379.81 379.81 15.65
71888 13.74 371.01 363.32 13.78
SHHSFUA} 13.62 393.19 338.15 17.39
ALEUAL 13.09 246.86 220.84 15.29

Table 2. Optimum Stress Values at Each Stage of Multilevel Optimization

Fig. 9 Optimum Shape of Implant in the 3D Model with the Objective to
(a) Minimize Max. Stress at Cancellous Bone
(b) Minimize Max. Stress at Cortical Bone
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Fig. 10 Optimum Shape of Implant in the Axisymmetric Model with the Objective to
(a) Minimize Max. Stress at Cancellous Bone
(b) Minimize Max. Stress at Cortical Bone
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