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Abstract (J. Kor. Oral Maxillofac. Surg. 2003;29:14-25)

FINITE ELEMENT ANALYSIS OF FIN-TYPE IMPLANT FIXTURES

Su-Gwan Kim*®, Chang-Gil Chon?, Gab-Woon Hwang®, Byung-Ock Kim?>?
Dept. of Oral & Maxillofacial Surgery®, Dept. of Periodontology?,
Oral Biology Research Institute®, College of Dentistry, Chosun University,
Dept. of Engineering, Song-Won College”

The purpose of this study was to analyze the stress pattern in different bone densities surrounding fin-type implant fixtures under the

vertical and inclined loads (30°) of 200N.

Von-Mises stress, the pricipal stress, and the displacement on the implant fixtures under the loads were calculated by using the finite
element method. Four different types of bicon implant fixture were used for this study. The geometries of implant fixtures to develop
the model were used by a sales brochure and profile project. Three-dimensional finite element model of the mandible was developed
with 6.0 mm implant in diameter wurrounded by approximately 2.5 mm of bone. Bone densities were classified according to the elastic
modulus of the tree. The finite element program MSC PATRAN (MSC, Software Corp., USA) were used for analysis of stress distribution.

The value of the Von-Mises stress, the pricipal stress, and the displacement on the implant fixtures under the vertical and inclined
loads were decreased when the diameter of implant fixture was increased, and increased when the elastic modulus was decreased. The
stress on implant fixture under the vertical and inclined loads was distributed through the length of implant fixtures in D3 and D4. The
distribution of stress was influenced by the direction of loads. In the wide diameter of implants, the stress was developed at outer sur-

face of bone.

In conclusion, this study suggest that stress developing on the peri-implant tissues might be influenced by the dimension of implant,

elastic modulus of bone, and direction of loads.
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Fig. 1. Bicon implant

Table 1. Geometry of Implant used

Dimension (unit: mm)

Implant Diameter Length Depth Fin

a b c d e f g h
3.5 mn 35 20 25 20 110 45 0.55 15°
4.0 mm 40 20 30 20 110 45 0.55 15°
5.0 mm 50 30 40 20 110 45 0.55 15°
6.0 mn 6.0 30 40 10 80 45 0.55 15°
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Table 2. Number of element and nodes of the implants

used according to types of different bone densities

Type Implant Elements Nodes
D1 35 mm 3958 3640
D2 40 mm 3859 3540
D3 5.0 mm 3838 3520
D4 6.0 mm 3432 3100
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Table 3. Material Properties of Different Bone Density

Material Elastic Poisson's ratio
Modulus(GPa)
Oak Tree:Density 1 (D1) 12.56 03
Needle-leaf Tree:Density 2 (D2) 124 03
Balsa Wood:Density 3 (D3) 317 03
Styroform:Density 4 (D4) 255 03
TisAlsV 110.0 0.35

F-2o] 1732N (200N X €0s30°)0] 7, 433 &2 o] 100N (200N
sind0°) <] gof FA ol 2H-g-ghh wEbA o] shgg 5 Sl A
9} o] F¥E T Y-S shero] FAYEO 2 173N, 57
HFOZ 100NS] P& FEstFoE A4EA
E3 2 stgo] s o %E gl =] WH—% LN
8857 %}t _’Wmi el x,y, 25 =

wdo| 342 AAG F T2 ¢ vehg
Mises Equivalent Stress)2] 7] whe} A ake] Aol 2 F A] 8}
o, ZH7be] BEe] Yend A, AnFod, 4% u
AN S/ 7he AT

=
re
-l
0 >
i)l

Z32 9] BiCon 9=
3 7} 2d ol 200N¢]
Szl E JENEY
o7 183 30° AA
AA ¢ internal hex]
o] ZA A 3F o]

3tz ] g3t A
H w9, A+, A
= Y o (Table 4-6),
7158 BXE 1Yo 2 el

2
(g
o

My 2

ot

o_}i_‘?ﬂ,[‘%
Ao
Ir
w
~ 2l

e ofy
o lo tlo mlo

=N
b
o
ofN
A
fe ’

RO

ok
0%l
2
OFO :‘o
>

4r MU & go oX
2 0w e

.
ofr
25
L
>~
ek
é
:(I)L_l‘
of
i)
32
rl

a

o] B2,

O

FUH
i,
A
o,
"
=
g, Im
ol lo,
S
olo o,
=
=
ACN
e -
o=
ol
rl

>
—%N
1

[m oy
1o
ol
ox
e
gl
i)
=2
=
gt
o o

o,
e ©
r

O
o @
«

20 11 mm2e| &<

1.1 851%0| &8sk 29 §7183 (Fig. 2-1)

274 D13} D29] A$ole 229 B4kl 2 4924 %
sl thatel JEAES] £33 444 4
7hgEol MR, 85 AEHANA 47
1o A &2 9] Al 7I7F §43] Tache A4S #F



Table 4. Maximum value of the Von-Mises stress and principal stress under the vertical Load (kg/mn®)

Fin type

SHE DZA S

o
O
)
>
T
>

Geometry Bone Density Maximum Von-Mises Minimum Maximum
(Outer D-L¥) Stress Principal Stress Principal Stress
D1 0.762 - 0.542 0.294
35-11 D2 0.763 -0.543 0.296
D3 0.816 - 0.557 0.387
D4 0.824 - 0.563 0.398
D1 0.675 - 0.501 0.232
40-11 D2 0.675 - 0.501 0.232
D3 0.693 -0.514 0.254
D4 0.696 - 0.526 0.258
D1 0.567 - 0.610 0.189
50-11 D2 0.568 - 0.610 0.189
D3 0.575 - 0.616 0.204
D4 0.575 - 0.617 0.205
D1 0.396 - 0.298 0.195
60-8 D2 0.396 - 0.298 0.195
D3 0.410 - 0.309 0.215
D4 0.412 -0.311 0.217
* D-L: Diameter - Length, (unit; mm)
Table 5. Maximum value of the Von-Mises stress and principal stress under the inclined load (kg/mn?)
Geometry Bone Density Maximum Von-Mises Minimum Maximum
(Outer D-L¥) Stress Principal Stress Principal Stress
D1 0.844 - 0.605 0.351
35-11 D2 0.846 - 0.605 0.352
D3 0.919 -0.614 0.479
D4 0.931 - 0.616 0.502
D1 0.747 - 0.556 0.327
40-11 D2 0.748 - 0.556 0.327
D3 0.778 - 0.558 0.343
D4 0.783 - 0.559 0.345
D1 0.701 - 0.661 0.300
50-11 D2 0.701 - 0.661 0.300
D3 0.709 - 0.670 0.301
D4 0.710 -0.672 0.300
D1 0.455 -0.328 0.229
60-8 D2 0.456 -0.328 0.229
D3 0.480 -0.341 0.237
D4 0.483 -0.342 0.239

* D-L: Diameter - Length, (unit; mm)
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Table 6. Maximum value of the displacement under the vertical and inclined load (kg/mm?)

Geometry Bone Density Maximum Displacement Maximum Displacement
(Outer D-L¥) under the Vertical Load under the Inclined Load
D1 2.10E-004 2.31E-004
35-11 D2 2.12E-004 2.34E-004
D3 4.22E-004 4.69E-004
D4 4.86E-004 5.37E-004
D1 1.90E-004 2.03E-004
40-11 D2 1.92E-004 2.05E-004
D3 3.70E-004 3.92E-004
D4 4.25E-004 4.48E-004
D1 1.36E-004 1.46E-004
50-11 D2 1.37E-004 1.47E-004
D3 2.74E-004 2.92E-004
D4 3.17E-004 3.36E-004
D1 1.38E-004 1.43E-004
60-8 D2 1.39E-004 1.44E-004
D3 2.82E-004 2.79E-004
D4 3.27E-004 3.21E-004

* D-L: Diameter - Length, (unit; mm)
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a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4
Fig. 2-1. Stress distribution under the vertical load in diameter 3.5mm implant fixture

a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4

Fig. 2-2. Stress distribution under the inclined load in diameter 3.5mm implant fixture
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a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4
Fig. 3-1. Stress distribution under the vertical load in diameter 4.0mm implant fixture

a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4

Fig. 3-2. Stress distribution under the inclined load in diameter 4.0mm implant fixture
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a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4
Fig.4-1. Stress distribution under the vertical load in diameter 5.0mm implant fixture

a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4

Fig.4-2. Stress distribution under the inclined load in diameter 5.0mm implant fixture
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a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4
Fig.5-1. Stress distribution under the vertical load in diameter 6.0mm implant fixture

a) bone quality D1 b) bone quality D2

¢) bone quality D3 d) bone quality D4

Fig.5-2. Stress distribution under the inclined load in diameter 6.0mm implant fixture
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