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Fig. 1. A schematic drawing of initial model used
in this study.

Table 1. Initial values of design parameters for initial model

Design parameter Description Initial value
d diameter of fixture 4.3 mm
I length of fixture 11.3 mm
hi1 height of micro thread 0.108 mm
wi width of micro thread 0.25 mm
ni number of micro thread 9
w2 width of power thread 0.35 mm
n3 number of power thread 9
o tapered angle 1 3 deg.

&> tapered angle 2 5 deg.




Table II. Element type, number of elements and nodes for FE model

Element type SOLID45
Number of nodes 37166
Number of elements 54690

Cortical bone > AlDOF 2
Trabecular bong wmmsmeme
|
(a) FE model (b) Loading and boundary conditions
Fig. 2. Meshing and boundary conditions.
Table III. Material properties used in this study
Materials Young s modulus Poisson s ratio
Abutment Titanium grade ELI 113.8 GPa 0.34
Fixture Titanium grade IV 114.0 GPa 0.37
Cortical bone 14 GPa 0.3
Trabecular bone 1.5 GPa 0.3
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Table IV. Levels of design variables in orthogonal array

Design variables Description Level 1 Level 2 Level 3
A Radius 1.935 2.15 2.365
B Number of power thread 8 9 10
C Width of power thread 0.315 0.35 0.385
D Tapered angle 1 2.7 3 3.3
F Tapered angle 2 4.5 5 55
G Height of micro thread 0.0972 0.108 0.1188
H Width of micro thread 0.0225 0.025 0.0275
I Number of micro thread 8 9 10
J Length of fixture 10.17 11.3 12.43
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Table V. Analysis of variation used in this study

Factor S ¢ vV o
A S 2 Sa/2 si?/,? E
B Ss 2 /2 sf%% P
C Sc 2 Sc/2 Si‘j/ 2
D Sp 2 Sp/2 S%}/ 2
F SF 2 SF/2 Si%? E
G So 2 Se/2 si(/;/#? P
H Su 2 SH/2 Si’jfE
I St 2 Si/2 Sf// 2
J S 2 /2 Sz

Error Se #E S/ #e
Sum St N-1

l Select a initial design ]

Automatic progess
{ANSYS ver 8.0

analysis

Are design

Evaluate the perfarmance of {«——

"0l Madify design

{VisualDOC verb.0}

reguirements !
salisfied? ‘ vaioples 4

Optirnization algorithm
, Optirum design ]

Fig. 3. Optimal design procedures using FEA and DOT.

189



Table VI. Problem of optimization

K
Minimize U = 2 [(wiFi(xj)]

(i=1,2, Wi=weight factor for each objective function=0.5, Fi(x)= Omax1 =

Maximum effective stress

in cortical bone) and Omax2 = Maximum effective stress in trabecular bone)

Subject to < x<x

Table VII. Design variables used for optimizing

Design variable Lower bound Initial point Upper bound

r (radius of fixture) 1.50 2.15 3.5

nz (number of power thread) 5 9 20

) (tapered angle 1) 0 3 3.5

& (tapered angle 2) 4.5 5 5.5

hi (height of micro thread) 0.05 0.108 0.5

hz (number of micro thread) 5 9 15
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Table VIII. Maximum effective stress of initial model in bones

Cortical bone

Trabecular bone

Maximum effective stress(MPa)

8.79299466

1.33885984

1o mmm 002148
=¥ 3
% 10 % K
o] %8 = 2
£ o
= ) ]
5
(a) Cortical bone (b} Trabecular bone
Fig. 4. Stress distribution of initial model.
Table IX. ANOVA for design parameters in cortical bone
Factor S ¢ 1% Fo
A 12.1630 2 6.0815 3.235
B 4.1834 2 2.0917 1.1127
C 2.0767 2 1.0384 0.5524
D 6.4590 2 3.2295 1.7179
F 5.9133 2 2.9566 1.5728
G 3.8096 2 1.9048 1.0132
H 1.5393 2 0.7696 0.4094
I 41321 2 2.0660 1.0990
J 1.3011 2 0.6505 0.3460
Error 15.039 8 1.8799
Table X. ANOVA for design paramesters in trabecular bone
Factor 3 # 14 Fo
A 0.5094 2 0.2547 2.7297
B 0.254 2 0.127 1.3609
C 0.0295 2 0.0147 0.158
D 0.315 2 0.1575 1.6878
F 0.2996 2 0.1498 1.6054
G 0.2198 2 0.1099 1.1779
H 0.0278 2 0.0139 0.1488
I 0.0232 2 0.116 1.2431
J 0.0234 2 0.0117 0.1254
Error 0.7464 8 0.0933
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Fig. 5. Variation of design parameters.
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Table XI. Comparison optimal values with initial

value
Initial value Optimal value

r 2.15 3

4 3 0.284

b2 5 5.5

n2 9 9

ni 9 15

hi 0.108 0.297
Fmaxl 8.793 5.88
Imax2 1.339 0.893
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Fig. 11, Stress distribution of optimal design.
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ABSTRACT

AN OPTIMIZATION OF ONEBODY TYPE IMPLANT SYSTEM
CONSIDERING VARIOUS DESIGN PARAMETERS

~Jae-Min Choi*, B.S., Heoung-Jae Chun**, Ph.D.,
Soo-Hong Lee**, Ph.D., Chong-Hyun Han***, D.D.S., M.S.D., Ph.D.

*Dept. of Mechanical engineering, College of Engineering, Yonsei University,
**Dept. of Mechanical engineering, Graduate School, Yonsei Untversity,
***Dept. of Prosthodontics, College of Dentistry, Yonsei University
(Youngdong Severance Hospital)

Statement of problem: The researches on the influence of design variables on the stress dis-
tribution in cortical and trabecular bones and on optimal design for implant system were limited.

Purpose: The purpose of this study is to identify the sensitivities of design parameters and to
suggest the optimal parameters for designing the onebody type implant system.

Material and methods: Stresses arising in the implant system were obtained by finite element
analysis using a three dimensional model. An onebody type implant system (Oneplant (Warrantec.
Co. Ltd., Korea)] was considered in this study. Vertical load(150 N) was applied on the top of the
abutment along the axial direction. The initial design variables set for sensitivity analysis were radius
of fixture, numbers of micro thread, numbers of power thread, height of micro thread, fixture length,
tapered angle of fixture, inclined angle of thread, width of micro thread and width of power thread.
The statistical technique of Design of Experiments(DOE) was applied to the simulation model to deduce
effective design parameters on stress distributions in bones. The deduced design parameters were
incorporated into a fully automated design tool which is coupled with the finite element analysis and
numerical optimization to determine the optimal design parameters.

Results:

1. The result of sensitivity analysis showed six design variables - radius of fixture, tapered angle
of fixture, inclined angle of thread, numbers of power thread, numbers of micro thread and
height of micro thread - were more influential than the others.

2. The optimal values of design variables can be deduced by coupling finite element analysis (FEA)
and design optimization tool(DOT).

Key words : Implant, Optimization, Finite element analysis, Sensitivity analysis

196



