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Fig. 1. Finite element model of 3.75mm wide,

10me long Brinemark implant.
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Table 1. Young’s modulus and Poisson ratio
of some materials
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Table 2. Maximum principal stress of 3.75mm wide, 10mn long Branemark implant(kgf/mm*)

ey fHF S AT
g~ | T j—aa 30° BAE 321734@1 TR ivgaa

0.0 0471 0378 141 5.25 323 120
0.8 0.563 0412 10.8 6.30 24.3 14.5
1.2 0.755 0.510 18.0 7.23 42.1 16.8
1.6 0.660 0.573 15.5 7.70 36.0 17.7
22 0.554 0.505 8.13 813 18.8 18.8
35 0.583 0.408 6.98 6.98 169 169
48 0.627 . 0436 417 417 10.8 10.8
54 0.648 0.451 3.33 3.33 9.07 9.07
6.1 0.670 0.465 2.95 261 8.00 7.25
74 0.717 0.497 2.93 1.12 8.02 3.11
8.6 0.765 0.700 291 140 8.07 2.23
96 0.796 0.552 291 121 8.12 2.18

Table 3. Maximum principal stress of 10mn long screw and cyhnder implants(kgf/mn?)

vhgk AARF s - AT
e | T L amg g (B gy | TRE | Ly g

0.0 0.523 0.405 14.2 440 325 9.97
0.8 0.610 0.444 8.82 5.29 19.7 12.1
1.2 0.704 0.558 14.8 6.22 34.7 14.3
1.6 0.991 0.611 12.3 6.54 29.2 15.2
22 0.596 0461 7.16 7.16 16.9 16.9
35 0.642 0.333 598 598 15.2 15.2
48 0.686 0.347 342 3.43 9.73 9.73
54 0.710 0.357 297 2.74 8.36 8.23
6.1 0.736 0.375 2.96 2.13 842 6.63
74 0.801 0.491 295 0.88 8.56 3.04
86 0.890 0.580 2.94 0.974 8.81 2.90
9.6 0.952 0.588 294 1.12 9.00 2.06
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Table 4. Maximum principal stress of 15mm long screw and cylinder implants(kgf/mn?)

ek HFAZ A SAE
2as\ag TAEN L g |0 B g | TR jvgg
00 i) 0.324 .0.248 143 5.31 322 124
) 4EY 0.358 0.269 144 441 325 10.2
08 Uy 0.458 0.273 10.9 646 245 15.0
) AFY 0.498 0.298 8.84 5.38 19.8 124
12 12 0.548 0.350 18.4 744 419 17.3
' 459 0.512 0.391 15.1 6.33 345 145
16 1B k] 0.459 0.402 15.8 7.85 36.0 179
) AE3 0.755 0.432 12.6 6.66 29.1 15.3
99 YAy 0414 0.368 8.32 8.32 19.0 19.0
| 453 0.416 0.339 7.40 7.40 17.2 17.2
35 YA ¥ 0.435 0.300 7.35 7.35 17.7 17.7
) A3 0.495 0.248 6.31 6.31 15.6 15.6
48 Uy 0.464 0.318 4.77 4.77 12.3 12.3
) 253 0.524 0.257 3.89 3.89 105 10.5
4 Rk 0478 0.327 4.01 4.01 10.7 10.7
) 253 0.539 0.263 3.25 3.25 9.20 9.20
61 A g 0.491 0.335 3.37 3.37 9.12 9.12
) 453 0.554 0.269 3.01 2.68 7.80 7.72
67 Ay 0.503 0.343 3.02 2.75 7.65 7.65
) A& 0.570 0.276 3.01 215 7.83 6.37
74 yayg | 0514 0.351 3.01 222 7.49 6.43
) 453 0.586 0.284 3.01 1.69 7.85 5.28
87 U g 0.536 0.365 3.01 1.39 749 454
) 453 0.619 0.301 3.02 1.01 7.90 3.62
100 VA E 0.556 0.379 3.01 1.13 7.50 3.18
' 453 0.657 0.337 3.02 0.842 7.95 247
113 Uréjfg} 0.577 0.393 3.00 114 7.52 2.20
4539 0.701 0.404 3.02 0.848 8.01 1.71
126 ks 0.601 0410 2.98 115 7.54 2.15
) 253 0.760 0526 3.01 0.856 8.09 1.39
138 VA d 0.662 0.662 2.96 1.16 757 2.16
’ 453 0.848 0.650 2.98 0.867 8.23 141
146 LRk 0.642 0.440 2.94 1.17 7.60 2.16
' 453 0.895 0.719 2.96 0.873 8.32 141
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Table 5. Comparison of maximum principal stress of 3.75 and 5.0mm wide implants(kgf/mm?)

u}ysk = s = A=
e | T38| IVE Jownn | G| 73w | 2T
0.0 0.409 0.409 479 181 114 414
0.8 0.401 0.401 2.89 2.08 6.58 4.63
1.2 0.406 0.406 4.09 2.51 9.46 5.66
1.6 0.409 0.409 2.62 2.62 5.90 590 .
2.2 0.259 0.259 2.65 2.65 6.16 6.16
35 0.181 0.181 2.65 2.65 6.32 6.32
4.8 0.185 0.185 1.67 1.67 4.30 4.30
54 0.197 0.197 1.66 '1.34 4.29 3.63
6.1 0.228 0.228 1.70 1.03 4.38 3.02
74 0.360 0.360 1.78 1.05 4.55 3.14
8.6 0.381 0.381 1.79 0.97 4.85 3.36
9.6 0528 0.528 1.81 1.77 5.00 434
Table 6. Maximum principal stress of two splinted implants(kgf/mn?)
H}&E s+ s & : s =
ol eaa | I Jaeana | | 2w | FEED
0.0 0471 0.378 141 5.25 32.3 12.0
0.8 0.563 0412 10.8 6.30 24.3 145
1.2 . 0.755 0.510 18.0 7.23 42.8 16.8
16 0.660 0.573 15.5 7.70 - 36.0 17.7
2.2 0.554 0.505 8.13 18.3 18.8 18.8
35 0.583 0.408 6.98 6.98 16.9 16.9
4.8 0.627 0.436 4.17 4.17 10.8 10.8
54 0.648 0.451 3.33 3.33 9.07 9.07 -
6.1 0.670 0.465 2.95 261 8.00 7.25
74 0.717 0.497 293 1.12 8.02 311
8.6 0.765 0.700 291 140 8.07 2.23
9.8 0.796 0.552 291 1.21 8.12 2.18
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FIGURE LEGENDS

Fig. 1. Finite element model of 3.75mm wide, 10mm long Branemark implant.
Fig. 2—1. Maximum principal stress(MPS) at 5.4mm detached, vertical load of 10mm screw

implant

Fig. 2—2. MPS in cancellous bone at 54mm detached, vertical load of 10mm screw imp-

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig. 10.
Fig. 11.
Fig. 12.
Fig. 13.
Fig. 14.
Fig. 15.
Fig. 16.
Fig. 17.
Fig. 18.

Fig. 19.
Fig. 20.
Fig. 21.
Fig. 22.

Fig. 23.

o oo w

© ® N o

o=

lant

MPS at 5.4mm detached,
MPS at 5.4mm detached,
MPS at 6.1mm detached,

lant

MPS at 6.1mm detached,
MPS at 6.1mm detached,
MPS at 54mm detached,
MPS at 5.4mm detached,
MPS at 6.7mm detached,
MPS at 6.7mm detached,
MPS at 6.1mm detached,
MPS at 6.1mm detached,
MPS at 54mm detached,
MPS at 54mn detached,
MPS at 6.1mm detached,
MPS at 6.1mm detached,
MPS at 5.4mm detached,
implant

MPS at 6.1mm detached,
screw implant

MPS at 54mm detached,
implant

30° load of 10mm screw implant
horizontal load of 10mm screw implant
vertical load of 10mm screw implant

. MPS in cancellous bone at 6.1mm detached, vertical load of 10mm screw imp-

30° load of 10mm screw implant
horizontal load of 10mm screw implant
30° load of 10mm cylinder implant
horizontal load of 10mm cylinder implant
30° load of 15mm screw implant
horizontal load of 15mm screw implant
30° load of 15mm cylinder implant
horizontal load of 15mm cylinder implant
30° load of 5.0mm screw implant
horizontal load of 5.0mm screw implant
30° load of splinted implant

horizontal load of splinted implant
100% cortical bone density, 30° load of 10mm screw

100% cortical bone density, horizontal load of 10mm

75% cortical bone density, 30° load of 10mm screw

MPS at 6.1mm detached, 75% cortical bone density, horizontal load of 10mm screw

implant
MPS at 5.4mn detached,
implant

50% cortical bone density, 30° load of 10mm screw

MPS at 6.1mm detached, 50% cortical bone density, horizontal load of 10mm screw

implant

641



ApElE:

T 1

-2.0272
éd.oﬂﬂ!
10,0463

10,0831

$0.139

3t 0,156
0.193
0.230

10,267
0,302
0.240
0.377
0.414
— 0.451

Fig. 2-1.

Fig. 2-2.

-0.0276
0.0103
0.0482
0.0861
0.124
0.162
9.199%
0.237
0.275
€.313
9.351
0.389
0.427
~—10.465

4 % A \M

Fig. 5-1.

642

Fig.5-2.




Fig. 7

Fig. 6

Cylinder

/
%

5

‘nﬂn‘l'ﬂ""

0

Nw Sy

L NN R L L

Fig. 9

Fig. 8

Fig. 11

643

Fig. 10



Cylinder

JRININININ Y
ERESARERA RN AN
w
o
o <N
oM mMeVr O
A e B I B B B
.012%4&5677
” 7 ]

Fig. 13

Fig. 12

Fig. 15

Fig 14

R T LT
THUBUUTEREAEER

XS ;5

AR P I I

et R

CRe R
Lo

3
-
~

Fig. 17

Fig. 16

644



Fig. 19

15%

75%

Fig 21

50%

50%

645

Fig. 23




ABSTRACT

THREE DIMENSIONAL FINITE ELEMENT ANALYSIS
ON THE MINIMUM CONTACT FRACTION OF BONE-IMPLANT INTERFACE

Department of Prosthodontics, Graduate School, Seoul National University

Kyoung-Soo Jang, D.D.S., M.S.D., _
Yung-Soo Kim, D.D.S., M.S.D., Ph.D.,, M.Sc{O.S.U.>
Chang-Whe Kim, D.D.S., M.S.D., Ph.D.

In order to find the degree of osseointegration at bone-implant interface of clinically
successful implants, models including the 3.75mm wide, 10mm long screw type Branemark
implant as a standard and cylinder, 15am long, 5.0mm wide, two splinted implants, and implants
installed in various cancellous bone density were designed. Also, the amount of load and
material of prostheses were changed. The stress and minimum contact fraction were analy-
zed on each model using three-dimensional finite element method(I-DEAS and ABAQUS
version 5.5).

The results of this study were as follows.

1. 10mm long, 3.75mm diameter-screw type implant had 36.5~43.7% of minimum contact
fraction.

2. Cylinder type implant showed inferior stress distribution and higher minimum contact
fraction than screw type.

3. As implant length was increased, minimum ‘contact fraction was increased a little, howe-
ver, maximum principal stress was decreased.

4. Implants ‘with a large diameter had lower stress value with slightly higher minimum
contact fraction than standard screw type.

5. Two splinted implants showed no change of minimum contact fraction.

6. The higher bone density, the lower stress value.

7. The material of occlusal surface had no effect on the stress of the bone-implant interface.

Key words : bone-implant interface, three dimensional finite element analysis, minimum
contact fraction
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