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Fig. 1. Axisymmetric FEA model for Branemark
implant.
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Fig. 2. Axisymmetric FEA model for IMZ implant.
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Fig. 3. Axisymmetric FEA model for ITI implant.
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Fig. 4. 2D FEA model for Branemark implant.
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Fig. 5. 2D FEA model for IMZ implant.
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Fig. 6. 2D FEA model for ITI implant.
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Table 1. Material Properties

Material Young's Modulus | pyiccons ratio References
N/mm?

Titanium 110,000 0.33 9, 19, 37, 54, 69
Type I Gold 90,000 0.33 21, 65
Compact Bone 13,700 0.3 9, 20, 40, 49, 60, 64
Cancellous Bone 1,370 0.3 5, 9, 20, 40, 49, 60, 64
IME 3,400 0.3 1, 22, 33
Elastic Ring 6.1 048 54

Table 2. Composition of Finite Element Analysis Model.

Axisymmetric Model 2-Dimensional Model
Branemark MZ ITI Branemark IMZ ITI
Element No. 650 404 494 1277 990 836
Node No. 660 435 513 1261 993 854
Material No. 5 5 4 5 5 4
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Fig. 7. Stress and Microstrain of Brinemark -
implant.
(Load case 1, interface A)
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Fig. 8. Stress and Microstrain of Branemark
implant.
(Load case 1, interface B)
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Fig. 9. Stress and Microstrain of IMZ implant.
(Load case 1, interface A)
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Fig. 10. Stress and Microstrain of IMZ implant.
(Load case 1, interface B)
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Fig. 11. Stress and Microstrain of ITI implant.
(Load case 1, interface A)
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Fig. 12. Stress and Microstrain of ITI implant.
(Load case 1, interface B)
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Fig. 13. Average Stress and Microstraip.
(Load case 1, interface A)
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Fig. 14. Average Stress and Microstrain.
(Load case 1, interface B)

Z UM (Axial stiffness, Fig. 15.)
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Fig. 15. Mean Axial Displacement
(Load case 1)
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Fig. 16. Stress and Microstrain of Branemark
implants.
(Load case 2, interface A)
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Fig. 17. Stress and Microstrain of Branemark
implants.
(Load case 2, interface B)
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Fig. 18. Stress and Microstrain of IMZ implants.
(Load case 2, interface A)
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Fig. 19. Stress and Microstrain of IMZ implants.
(Load case 2, interface B)

ITI 5= 2(Fig. 41.)

#52¢ 92T BE 2o ZEIH, WA
AN et H323 HEBe FANM §
Hel A7t AR, SFEUARNE) ARZ 4 F 13
Mg UAE e §90] nom e &
Fol ooz BAHE P4 2 & Uk

A A(Fig. 20.)

AYxe 59 AAF JFPPAA BRer
23 Frge F2e THAA 4 3mm BAA
Uapte] Aol A Vet iAo R & BF
HAZNN g8o] AFHE L B9 FUx
HAZAHE 3E29 ZHAM Imm7tEF FoZ
X QoA vepsttt.

Microstrain®] Higk& NN 1mm7+F B
2 HAHBAA, Hig =T HUSA ZHAA
3mm7}E DoiA AR ARAME A WERET

AH B(Fig. 21.)

28 e sF29 AT BHT, F
AXE 3529 HAT FIFANA JENTh

Microstrain®] Hules YSWHES 23 AF
) e HixAe o H2@UE
Holot UdAFA.

% 3

71Ae

138

ITI Implant
Vertical Noncentric 100N(0.05mm)

L1 2

X ﬁ
ACLAR ’i At\rlw

-12 0
Relative distance

L——— Stress(N/mm®) —+— MS(10° mm/mm) |

Stress and Microstrain(*100)
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Fig. 21. Stress and Microstrain of ITI implants.
(Load case 2, interface B)
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Fig. 25. Average Microstrain.(Load_ case 2, inter-
face B)
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(Load case 3, interface A)
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(Load case 3, interface A)

H39) FFE BolAe ggith AAI9 ¥
3359 3% siaEd SHIFANN 2A JEnt
o HtH o2 F&d 4t AFH o vEkith
U9 A& steridSe AAZ 7 A43HF
oA vepH.

A A(Fig. 28.)

S AL Fe v HAUIHES
oA < 5mm GOl R RlA Uelstom, A
F95-9 AAZANA FL gz vebgtth $89
UL 35 Uuige FJZIZAA JERRI, 9
e AdAA 0.5mm7+EF Fold AAF)U

Microstrain®] Hulge 31559 SHAA Yet
Yo, FFAFAME F uiSy FRAA B
L=

=3
oz

AH B(Fig. 29.)

SEHEFXNA Huxe AfIF FRA JER
om HAZ Y 9 2mm AL AFNA Hi9
$EXE BAJch

Microstrain &2 Al AHs1d 232
BPL 3FEoA ¥ 3 HL

A7y g E%E
A W& 9

AE FYTAA Ber Aty $YEXY ¢
A &) SAZ, HBF FAFNA E e

HYL 5 929 SHEXE BT ¥
HJoh



IMZ Implant
Horizontal 20N(1mm)

.....................

Stress and Microstrain(*100)
.a;.
=

Relative distance
[——— Stress(N/mm?)  —— MS({10°mm/mm) |

Fig. 29. Stress and Microstrain of IMZ implaﬁt.
(Load case 3, interface B)
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Fig. 30. Stress and Microstrain of ITI implant.
(Load case 3, interface A)
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Fig. 31. Stress and Microstrain of ITI implant.
(Load case 3, interface B)
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Fig. 35. Average Microstrain.(Load case 3, inter-
face B)
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Fig. 36. Stress distribution of Fig. 37. Stress distribution of  Fig. 38. Stress distribution of
Branemark implant. IMZ implant. ITI implant.
(Load case 1) (Load case 1) (Load case 1)
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Fig. 39. Stress distribution of Branemark implant.  Fig. 42. Stress distribution of Branemark implant.
(Load case 2) (Load case 3)
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Fig. 40. Stress distribution of IMZ implant. Fig. 43. Stress distribution of IMZ implant.
(Load case 2) (Load case 3)

-l Ik Lo
Fig. 41. Stress distribution of ITI implant. Fig. 44. Stress distribution of ITI implant.
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— Abstract—

A STUDY ON THE STRESS ANALYSIS OF THREE ROOT-FORM IMPLANTS
WITH FINITE ELEMENT ANALYSIS

Byoung - Hwa Moon, D.D.S., Jae-Ho Yang, D.D.S., M. S. D., Ph.D.
Dept. of Prosthodontics, College of Dentistry, Seoul National University

Since the restoration or masticatory function is the most important aim of implants, it should be
substituted for the role of natural teeth and deliver the stress to the bone under the continous
load during function.

In natural teeth, stress distribution can be obtained through enamel, denﬁn and cementum and
the elasticity of the periodontal ligament play a role of buffering action. '

In contrast, implant prosthesis has a very unique characteristics that it delvers the load directly
to bone through the implant and superstructure. This fact arise the needs to evaluate the stress
distribution of the implant in the mechnical aspects, which has a similar role of natural teeth but
different pathway of stress. With 3 kinds of implant in prevalent use, 2 types of experimental FEA
implant models were made, axisymmetric and 2-dimensional type. In axisymmetric model, the stiffness
of the part including the prosthesis and implant which extrude out of bony surface could be calculated
with displacement of the superstructure ur =r 100N vertical load and then damping effects could
be determined through this stiffness. In axisymmetric FEA model, load to the bone could be deduced
by evaluation the stress distribution of the designed surface under the 100N vertical force and in
2-dimensional model, 100N eccentric vertical load and 20N horizontal loda.

The result are as follows.

1. In every implant, stress to the bone tends to be concenturated on the cortical bone.

2. Though the stress of the cancellous bone is larger at the apex of implants, it is less compared
with cortical bone.

3. Under 20N horizontal load, stress of the left and right sides of implant shows a symmetrical
pattern. But under 100N eccentric vertical load, loaded side shows much larger stress value.

4. In the lmm interface, stress distribution among implants tend to have a similar pattern. But
under 20N horizontal load apposite side of being loaded shows less stress in IMZ.

5. In the case of screw type implant, stress tends to vary along with screw shape.

6. According to the result determined with microstrain, cancellous bone id generally under the condi-
tion of overload, while cortical bone is usually within the limitation of physiologic load.

7. In the Branemark implant, maximum stress to the cortical bone is larger than any other implant
except for the condition of 20N horizontal force and 0.05mm interface.

8. Damping effects of implants is maximum in IMZ.

Key words : Implant, FEA, Stress analysis, Stiffness, Microstrain
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