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Abstract

In this paper, 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 (OAO) 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. Favorable solution is obtained by the MLO, which is compared to
both solutions made by RSM and sequential quadratic programming (SQP) in the OAO probiem.
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Minimizes F(X)
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L=0 j=1,2....q
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Return to Level 1

Fig. 1 Algorithm of multilevel optimization
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Fig. 3 Shapes of commercial implant (a) V-thread,
(b) Special thread, (c) Square thread, (d)
Reverse buttress

(a) (b
Fig. 4 Stress analysis model for the implant
(a) Load and
(b) Extracted direction of the von-Mises

boundary  condition

stress at the interface

Table 1 Material properties

Young's Modulus | Poissong's Ratio

Implant | 117 GPa 0.3
Cortical

13.7 GPa 0.3
bone
Cancellous

1.37 GPa 0.3
bone
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Fig. 5 von-Mises stress at the interface of the bone
for the commercial implants
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Table 2 Maximum von-Mises stress at cortical
bone for 4 commercial implant(MPa)

V-thread | Special | Square | Reverse
thread thread | buttress
Cortical
35.63 34.32 35.05 39.33
bone
Cancellous
10.06 6.52 7.24 12.84
Bone

Fig. 6 Implant with taper and thread at the
interface with cortical bone
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(a) Design variables for straight line and spline

(b) Design variables for screw at the interface with
cancellous bone

(c) Design variables for screw at the interface with
cortical bone

Fig. 7 Specification of design variable group
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Fig. 8 Optimum shapes of the implant (a) Initial
shape (b) Result of minimizing maximum
stress at cancellous bone (c¢) Result of
minimizing maximum stress at cortical bone
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Fig. 9 von-Mises Stress at the interface of the
cancellous bone for initial and optimum

design
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Fig. 10 von-Mises Stress at the interface of the
cortical bone for initial and optimum

design
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Table 3 Comparison of result value as minimized

1 sqQp | RSM | Multilevel

Number of| 366 48 165~ 244
analyses

Objective 523 MPa | 553 MPa | 469 MPa
function value
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