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Fig. 1. Finite element model.
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Table 1. Experimental material properties

Experimental materials

Young’s Modulus of
elasticity(kg/mm?)

Poisson'’s ratio

Titanium
Polyoxymethylene
ADA typelll Gold
Compact bone
Cancellous bone

1.05e+ 04
3.47e+02
6.6e+04
14e+03
1l4e+02

0.30
0.30
0.33
0.32
0.30

(PATRAN PLUS ¥ P—FEA, DPA Co,USA)S
AbgEle] RS ARENE ARG W
A gAdE 22 FEesTHAN HAEAS A
A3dte] PATRAN PLUS ZT2IolA 2z} A9
Mg gdsly 2y e 343, P-FEA Z2
Y ol 83td WY 2 YL AMY F olE
T}A] PATRAN PLUS Z2 oA shHAbe] 44
atolz EAIEHon, A4tE ¥ ¥ 8y #%E
£A|A v ZEA A

AYg Ao 1 kg/mm’e] 35S YEBE
#e F49, 24 2 94 A5 ksl ol &
33223 1(Load 1), 31FZ7 2(Load 2), 352
2 3(Load 22 34i(Fig2), IMES A Ael
wE T 2¥A 47 A3t 6714 28t
A9 d9 2 $Eg £4319
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o FERE A 1 XY HEHoE HAF
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HoZe JEIE S8 & - ¥4 IFEA, 3
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Fig. 2. Three loading points on the finite element
model.

Load 1—cental fossa, Load 2—mesial cusp
tip, Load 3—distal cusp tip, IME ! intramo-
TIE * transmucosal

bile element, implant

extension.
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Fig. 3. Measuring points(5) of displacement ;
A Mesial cusp tip of crown, B : Distal cusp
tip of crown, C: Mesial point between
crown and IME, D ! Distal point between
crown and IME, E ! Implant apex.
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Fig. 4. Measuring points(9) of von Mises stress ;
1 Mesial point between crown and IME

. Distal point between crown and IME

: Mesial point between IME and TIE

: Distal point between IME and TIE

. Mesial alveolar crest

. Distal alveolar crest

. Mesial midpoint of implant

. Distal midpoint of implant
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. Implant apex
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Table 2. Displacement at each measuring point{(mm)

Load Polyoxymethylene Titanium
MP X Y Total X Y Total
A —1379E—04 —1.567E—03 1567E—03 —1891E—04 —1.834E—03 1.844E—03
B —-1224E—04 —1.758E—03 1762E—03 —1677E—04 —2118E—03 2.125E—03
Load 1 C 6.730E—05 —1.690E—03 1.691E—03 1.353E—04 —2.046E—03 2.050E—03
D 1.189E—04 —1.542E—03 1.547E—03 1.885E—04 —1.816E—03 1.826E—03
E —1159E—06 —1.927E—04 1927E—04 —2106E—06 —1927E—04 1.927E—04
A 6.280E—04 —2371E—03 2.453E—03 9867E—04 —3.014E—03 3171E—03
B 5142E—04 —1.097E—03 1.212E—03 8243E—04 —1.079E—03 1.358E—03
Load 2 C —7.708E—04 —1.182E—03 1411E—03 —1258E—-03 —1.212E—03 1.747E—03
D —~7484E—04 —2.055E—03 2.187E—03 —1240E—03 —2.656E—03 2.931E—03
E 1392E—05 —1.927E—04 1.932E—04 1723E—05 —1.927E—04 1.934E—04
A —6.803E—04 —1.097E—03 1291E—03 —1038E—03 —1.079E—03 1497E—03
B —6616E—04 —2422E—03 2511E—03 —9.739E—04 —3.067E—03 3.232E—03
Load 3 C 7084E—04 —2.079E—03 2.196E—03 1201E—03 ~—2.681E—03 2.938E—03
D 7405E—04 —1.161E—03 1.377E—03 1230E—03 —1.189E-—-03 1.745E—03
E —1314E—05 —1927E-04 1931E—~04 —1654E—05 —1.928E—04 1.935E—04

A [ Mesial cusp tip of crown
C ' Mesial point between crown and IME
E © Implant apex

B ! Distal cusp tip of crown
D ! Distal point between crown and IME
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Fig. 5. Total displacement under the load 1.
A © Mesial cusp tip of crown, B ! Distal cusp
tip of crown, C:. Mesial point between
crown and IME, D ! Distal point between
crown and IME, E ! Implant apex.
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Fig. 6. Total displacement under the load 2.

A Mesial cusp tip of crown, B ! Distal cusp
tip of crown, C: Mesial point between
crown and IME, D : Distal point between
crown and IME, E ! Implant apex.
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3) SIE=U 3
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A Jdehd 2L FEY 12049 wrbA s
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Fig. 7. Total displacement under the load 3.
A Mesial cusp tip of crown, B : Distal cusp
tip of crown, C: Mesial point between
crown and IME, D ! Distal point between
crown and IME, E : Implant apex.
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Table 3. von Mises stress at each measuring point(kg/mm?)

Load 1 Load 2 Load 3
MP POM Titanium POM Titanium POM Titanium

1 1.621E—-01 1.223E—-01 6.034E—-01 4.686E —01 1.701E—01 1.761E—01
2 2.702E—01 2.043E—01 1.671E—01 1.749E—01 6.051E—01 4.698E—01
3 1.841E—01 2223E-01 5.040E—01 4293E—-01 1171E—-01 1457E—-01
4 2.630E—01 2.729E—-01 1.158E—01 1475E—-01 5.075E —01 4.338E—01
5 3.625E —01 3.699E-01 3.296E—01 3.158E—01 5.017E—01 5.551E—01
6 4444E—01 4407E—01 6.294E—01 6.766E —01 4.160E—01 3.873E—01
7 7.984E-02 8.008E —02 7.425E—02 7.291E—02 8.409E— 02 8.568E—02
8 3.379E—02 3.381E—02 3.396E—02 3405E—02 3.387E—02 3.395E—02
9 7.858E—02 7.837E—02 8.419E—02 8.573E—02 7.453E—02 7.318E —02

1: Mesial point between crown and IME 2. Distal point between crown and IME

3 ! Mesial point between IME and TIE 4. Distal point between IME and TIE

5 . Mesial alveolar crest 6 . Distal alveolar crest

7  Mesial midpoint of implant 8 . Distal midpoint of implant

9 ! Implant apex
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Fig. 8. von Mises stresses in the load case 1.

. Mesial point between crown and IME
: Distal point between crown and IME
. Mesial point between IME and TIE

. Distal point between IME and TIE

. Mesial alveolar crest

 Distal alveolar crest

: Mesial midpoint of implant

- Distal midpoint of implant

. Implant apex
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Fig. 9. von Mises stresses in the load case 2.
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Fig. 10. von Mises stresses in the load case 3.
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—ABSTRACT-

A STUDY ON STRESS DISTRIBUTION IN IMZ IMPLANT WITH A
PLASTIC OR A TITANIUM IME USING FINITE ELEMENT ANALYSIS

Chi-Yang Ha, Boo-Byung Choi, Yi-Hyung Woo
Department of Prosthodontics, College of Dentistry, Kyung Hee University

Whether stress-absorbing elements are functional in an implant system has been an issue of interest
in oral implantology.

The unique feature of the IMZ implant system is the planned imitation of the stress-distributing func-
tion of the structural unit of the tooth, periodontium, and alveolar bone through the use of an intramobile
element(IME). ‘

The purpose of this study was to compare the difference in the displacement and the stress distibu-
tions of IMZ implant with a polyoxymethylene(POM) or a titanium IME under static load.

Two dimensional finite element analysis(FEA) was applied for this study and two finite element mo-
dels were created. PATRAN program(DPA Co.USA), a software for FEA, and SUN-SPARC2GX(SUN Co.,
USA), a workstation computer, were used.

1Kg/mm?® of static load was loaded individually on each three point of crown of implant prosthesis
central fossa(load 1), mesial cusp tip(load 2), distal cusp tip(load 3). The displacements of X- and Y-axis
and total displacement were measured at mesial and distal cusp tips, mesial and distal points between
crown and IME, and implant apex. The von Mises stress was measured at mesial and distal points bet-
ween crown and IME, mesial and distal points between IME and TIE, mesial and distal alveolar crest,
the mesial and distal midpoints of implant, and implant apex. The difference in resultant values were com-
pared and evaluated statistically using paired t-test.

The results were as follows :

1. Under the load 1, all the displacement of implant with titanium IME at 5 measuring points was larger
than that of with POM IME éxcept total and Y-axis displacement at implant apex. And the differences
in stress distributions with POM and titanium were varied.

2. Under the load 2, all the displacement of implant with titanium IME at 5 measuring points was larger
than that of with POM IME except X-axis displacement at distal cusp tip. And the differences in stress
distributions were varied.

3. Under the load 3, all the displacement of implant with titanium IME at 5 measuring points was larger
than that of with POM IME except Y-axis displacement at mesial cusp tip. And the differences in stress
distributions were varied.

4. For the displacement, there was significant difference statistically only in total displacement (P<0.1),
but was no significant difference in X- and Y-axis displacement(P>0.1). For the stress, there was no signi-
ficant difference among the compared values.
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Photographic explanation

Photo. 1. Displacement in the FEM(finite element model) with POM IME under the load 1
Photo. 2. Displacement in the FEM with titanium IME under the load 1.
Photo. 3. Displa_cement in the FEM with POM IME under the load 2.
Photo. 4. Displacement in the FEM with titanium IME under the load 2.
F;hoto. 5. Displacement in the FEM with POM IME under the load 3.
Photo. 6. Displacement in the FEM with titanium IME under the load 3.
Photo. 7. von Mises stress in the FEM with POM IME under the load 1.
Photo. 8. von Mises stress in the FEM with titanium IME under the load 1.
Photo. 9. von Mises stress in the FEM with POM IME under the load 2.
Photo.10. von Mises stress in the FEM with titanium IME under the load 2.
Photo.11. von Mises stress in the FEM with POM IME under the load 3.

Photo.12. von Mises stress in the FEM with titanium IME under the load 3.
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