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Table 1. Young’s modulus of elasticity and Poisson’s ratio

Young’s modulus(E) Poisson’s ratio(v)
(MPa)
Type I gold alloy 90,000 ' 0.33
Dentin 13,000 0.30
Periodontal ligament 5 0.45
Compact bone 14,000 0.30
Cancellous bone 1,500 0.30
Acrylic resin 3.800 0.35
Titanium 110,000 0.33
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Fig. 1. The reference points for comparison
of stress and displacement of Model
1&2

Fig. 2. The reference points for comparison
of stress and displacement of Model
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Table 2. Von Mises stress of Model 1 and 2 (MPa)

Point Model 1 Model 2
load A load B load A load B
1 1.12E+00 3.69E+00 4.10E—01 7.69E—01
2 1.66E+00 3.14E+00 5.90E—01 148E+00
3 4.02E+00 8.18E+00 1.98E+01 5.91E+00
4 1.67E+00 2.97E+00 1.50E+00 3.99E+00
5 5.81E—01 2.08E+00 1.32E+00 4.86E+00
6 157E+01 2.75E+01 1.54E—04 6.17E—04
7 2.08E+01 2.96E+01 798E+01 - 4.74E+01
8 2.28E+01 2.13E+01 4.80E+01 5.94E+01
9 1.34E+01 3.68E+01 2.60E+01 8.06E+01
10 3.12E+00 141E+00 544E—00 3.18E+00
11 2.68E+00 3.53E+00 4.50E—00 5.54E+00
12 2.71E+00 2.78E+00 5.17E—00 6.54E+00
13 5.55E+00 1.94E+01 121E-01 341E+01
14 7.13E+00 1.06E+01 199E-01 2.80E+01
15 7.63E+00 - 1.96E+01 2.08E—01 441E+01
16 2.76E+00 1.00E+01 1.15E-01 2.23E+01
17 1.89E+00 2.67E+01 3.69E—00 4.18E+01
18 1.97E+00 3.43E+00 4.10E—00 5.67E+00
19 1.06E+00 1.15E+01 1.98E—00 1.25E+01
20 1.57E+00 4.28E+00 4.03E—00 7.92E+00
21 5.98E+00 143E+01 142E—01 2.19E+01
22 1.40E+00 1.00E+01 1.92E—00 2.03E+01
Table 3. Von Mises stress of Model 3 under load A (MPa)

Point location a location b location ¢ location d
8 6.85E4+00 9.32E+00 126E—01 1.64E—01
9 340E+01 4.54E+01 585E—01 7.32E+01

10 1.00E+01 1.37E+01 1.78E+01 2.25E+01
11 5.26E+00 7.46E+00 1.00E+01 1.29E+01
12 8.74E—00 1.10E+01 1.37E+01 1.68E+01
13 1.02E+01 150E+01 2.06E—01 2.69E+01
14 348E+01 507E+01 6.80E—01 8.95E+01
15 496E+ 01 6.71E+01 8.72E—01 1.10E+02
16 5.66E+01 7.80E+01 1.03E—02 1.30E+02
17 2.69E+01 3.55E+01 454E—01 5.66E+01
18 144E+01 1.74E+01 2.08E—01 246E+01
19 192E+01 2.23E+01 2.60E—01 3.01E+01
20 1.61E+01 1.92E+01 . 228E-01 2.68E+01
21 7.75E+ 01 9.54E+01 1.16E—02 1.39E+02
22 1.33E+02 1.71E+02 2.14E—02 2.63E+02
23 1.59E +02 2.64E+02 3.86E—02 5.23E+02
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Table 4. Von Mises stress of Model 3 under load B (MPa)

Point location a location b location ¢ location d

8 6.78E+01 8.38E+01 1.04E—02 1.26E—02

9 748E+01 8.88E+01 1.09E—02 1.33E+02

10 1.50E+01 1.89E+01 2.35E+01 2.87E+01

11 7.26E+00 7.93E+00 9.19E+00 1.09E+01

12 146E—01 1.80E+01 2.21E+01 2.70E+01

13 9.74E+01 1.08E-+02 1.24E—02 1.40E+02

14 543E+01 6.67E+01 8.22E—01 9.98E+01

15 1.01E+02 1.30E+02 1.64E—02 2.20E+02

16 1.04E+02 1.30E+02 1.61E—02 1.95E+02

17 8.03E+01 1.01E+02 1.27E—02 157E+02

18 1.37E+01 1.81E+01 2.32E-01 2.90E+01

19 495E+01 5.37E+01 5.94E—01 6.54E+01

20 1.97E+01 2.58E+01 327E—01 4.05E+01

21 2.33E+02 2.73E+02 3.21E—02 3.75E+02

22 1.48E+02 1.82E+02 2.22E—02 2.66E+02

23 8.55E+01 1.39E+02 2.03E—02 2.74E+02
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Table 5. Displacement to X-axis of Model 1 and 2 (mm)

Point Model 1 Model 2
load A load B load A load B

1 " -2.24E—03 4.20E—03 -140E—03 2.00E—03
2 - -1.58E—03 1.06E—03 -152E—-03 9.02E—05
3 -6.30E— 04 2.73E — 04 -9.39E—04 -3.30E—04
4 1.48E—03 1.80E—03 -1.63E—03 2.00E—04
5 -1.82E—03 4.68E—03 -8.02E— 04 1.71E—03
6 © 6.86E—03 6.88E— 03 -1.32E-03 3.38E—03
7 -6.48E—03 . - 326E—03 -1.02E—02 5.30E—04
8 4.72E—03 3.11E—03 -721E—03 1.56E—03
9 -2.17E—03 2.46E—03 -2.50E—03 2.62E—03
10 -9.33E—04 153E—03 -7.29E— 04 2.00E—03
11 2.32E—04 742E—04 454E—05 1.17E—03
12 -9.02E— 04 1.61E—03 -6.62E— 04 2.13E—03 -
13 -2.18E—03 2.60E — 03 -2.56E—03 2.80E—03
14 -4.64E—03 3.15E—03 -7.11E—03 1.65E—03
15 -745E—03 2.05E—03 -1.28E—02 -3.23E—-03
16 -561E—03 1.59E—03 -9.61E—03 -2.29E—03
17 -282E—03 1.14E—03 -4.29E—03 -2.62E—04
18 - -9.36E—04 1.01E—03 -8.95E— 04 1.17E—03
19 291E—04 6.16E — 04 957E—04 1.40E—03
20 9.78E— 04 9.86E — 04 9.91E—04 1.08E—03

.21 2.82E—03 1.25E—-03 -430E—03 -143E—04
22 -563E—03 1.60E—03 -9.67E—03 -231E—03
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Table 6. Displacement to X-axis of Model 3 under load A (mm)

Point location a location b location ¢ location d
8 2.93E—02 . 382—02 4.84E—02 5.99E—02
9 144E—02 1.89E—02 241E—02 3.00E—02
10 3.82E—03 5.30E—01 7.01E—03 8.93E—03
11 -1.60E—03 -1.71E-03 -1.83E—03 -1.97E—03
12 4.02E—03 5.54E—03 7.29E—03 9.26E—03
13 143E—02 1.88E—02 239E—02 2.98E—02
14 2.91E—-02 3.78E—02 4.79E—02 5.92E—02
15 384E—02 4.96E—02 6.25E —02 7.70E—02
16 2.27E—02 2.93E—02 3.69E—02 4.55E—02
17 9.65E—03 1.27E—02 1.62E—02 201E—02
18 3.64E—03 492E—03 6.39E—03 8.05E—03
19 -244E—04 -2.49E— 04 -254E—04 -2.60E — 04
20 4.09E—03 546E—03 7.03E—03 8.80E—03
21 9.46E—03 1.24E—02 1.58E—02 1.97E—02
22 2.29E—02 2.95E— 02 3.71E—02 4.57E—02
23 344E—02 4.35E—02 5.39E—02 6.57E—02

Table 7. Displacement to X-axis of Model 3 under load B (mm)

Point location a location b location ¢ location d
8 2.30E—02 2.85E—02 3.50E—02 4.23E—02
9 1.06E—02 1.34E—02 1.67E—02 2.03E—02

10 2.62E—03 3.45E—03 442E—03 5.50E—03
11 -1.87E—03 -2.15E—03 -246E—03 -2.82E—03
12 2.80E—03 3.65E—03 4.65E—03 5.76E—03
13 1.10E—02 1.37E—02 1.68E—02 2.04E—02
14 227E—02 2.82E—02 346E—02 4.17E—02
15 3.80E—02 470E—02 5.76E—02 6.94E—02
16 245E—02 3.04E—02 3.73E—02 451E—02
17 1.13E—02 143E—02 1.78E—02 2.18E—02
18 4.17E—03 546E—03 6.94E—03 861E—03
19 -4.33E—-04 -4.39E—04 -451E—04 -4.62E — 04
20 443E—-03 5.79E—03 7.36E—03 9.12E—03
21 1.13E—02 143E—02 1.77E—-02 2.16E—02
22 247E—02 3.06E—02 3.76E—02 4.53E—02
23 361E—02 442E—02 5.37E—02 6.43E—02
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Fig. 11. Displacement to X-axis of Model 1, Fig. 12. Displacement to X-axis of Model 2,
comparing load A and B. comparing load A and B.
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Fig. 13. Comparison of the displacement to Fig. 14. Comparison of the displacement to
X-axis of Model 3-a, b, ¢ and d under X-axis of Model 3-a, b, ¢ and d under
load A. load B.
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b. Y& W W9 A9 e AR A WAHA F
ADA 4 QAT B9 ZAX 9 AIYSHE A& BT, dgge 3y g9y
L AYUENESY ZHAL PPHEYE BT, S7HetdYh. HEE9 dAARA wH o)
A2YERES] YAR L Jto 2 WM. A Jetged, Al AM2YSAEY AR
74 Mgl & Fole /HEAY AYEA HE Q2 MY E S Byon, Tk
E9 dZ% ¢ 24 X ddRoldx, A2 Adey] BAEAM Ay ALy 6 R} 3u)
YEHE ZgRo] W Fo] 71 Foidh, A Az HAE 29K Fig. 10).
A% QPIA Lo A WA Pie v
Zstgon, Wejske HutRo 7 sty b. Y& & w9
(Fig. 15). SR Age o] A2YEREE PPHY
& i YEHEE PP E BN
() A= AR B A<l st Sorg pges wAGe
a. X35 9% ¥4 FEog Fristac. TUE AW A
R Agddd| stFe e B¢ B3 R g BE) A2ARESRE 3}TY
L AvtEoz d4ANAE Yot A Feo] A FAL3H I Fig. 16).
Eo] ZGE-= g ZHe= HAsigY. ¥
Table 8. Displacement to Y-axis of Model 2 and 1 (mm)
Point Model 1 Model 2
load A load B load A load B
1 -3.99E—-03 -2.63E—03 -1.52E—-03 -1.35E—03
2 -3.19E—-03 -248E—03 -1.38E—03 -1.31E—03
3 -152E—03 -1.80E—-03 739E—-04 -1.10E—03
4 -2.92E—03 -4.23E—03 -185E—03 . -321E—03
5 -3.36E—03 -5.25E—03 -2.65E—03 -5.01E—03
6 -1.34E—02 -1.52E—02 -1.61E—03 -2.78E—03
7 -7.72E—03 -3.44E—03 -1.38E—02 -9.55E—03
8 -6.13E—03 -3.35E—03 -1.06E—02 -7.96E—03
9 -4.96E—03 -3.05E—03 -822E—03 -6.49E—03
10 -4.08E—03 -2.69E—03 -6.58E—03 -5.36E—03
11 -3.54E—03 -2.78E—03 -5.78E—03 -5.22E—03
12 -3.52E—-03 -3.27E-03 -5.86E—03 -5.89E—03
13 -3.54E—03 -3.55E—03 -5.73E—03 -6.16E—03
14 -3.27E—03 -3.74E—03 -4.94E—03 -5.94E—03
15 -248E—03 1.33E—04 -341E—03 -261E—04
16 -1.14E—03 -341E—04 -8.93E—04 -9.89E—06
17 -1.03E—03 -4.49E—04 -8.84E—04 -2.24E—04
18 -649E—-04 -5.13E—-04 -1.69E—-04 1.01E—05
19 -2.72E—04 -5.86E—04 3.76E—04 961E—05
20 361E—04 -6.77TE—04 1.53E—03 552E—04
21 8.34E—04 -6.74E—04 2.64E—03 1.17E—04
22 1.16E—03 -817E—04 3.28E—03 1.32E—03
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Table 9. Displacement to Y-axis of Model 3 under load A (mm)

Point location a location b location ¢ location d
8 1.33E—02 1.88E—02 2.51E—02 3.22E-02
9 1L.13E—02 1.62E—02 2.18E—02 2.81E—02

10 7.81E—03 1.16E—02 1.58E—02 2.07E—02
11 5.22E—03 8.12E—03 1.14E—02 1.52E—02
12 3.04E—03 540E—03 8.10E—03 1.12E—02
13 1.27E—03 2.24E—-03 5.51E—03 8.07E—03
14 1.67E—03 3.97E—03 6.61E—03 9.59E—03
15 3.69E—04 2.60E—03 517E—03 8.06E—03
16 -9.77E—03 -1.04dE—02 -1.20E—02 -1.20E—02
17 -1.22E—02 -1.38E—02 -155E—02 -1.76E—02
18 -1.25E—02 -143E—06 -1.64E—02 -1.87E—02
19 -1.21E—02 -140E—02 -1.62E—02 -1.86E—02
20 -157E—02 -1.84E—02 -2.16E—02 -2.51E—02
21 -1.93E—02 -2.29—02 -2.70E—02 -3.16E—02
22 -2.56E—02 -3.08E—02 -3.67E—02 -4.34E—02
23 -4.10E—02 -5.07E—02 -6.19E—02 -745E—02
Table 10. Displacement to Y-axis of Model 3 under load B (mm)

Point location a location b location ¢ location d
8 7.73E—03 1.19E—02 1.66E—02 2.20E—02
9 5.50E—03 9.16E—03 1.33E—02 " 1.80E—02

10 3.26E-03 6.16E—03 9.43E—03 1.32E—02
11 1.30E—03 3.62E—03 6.22E—03 9.19E—03
12 -6.88E—04 1.29E—03 349E—-03 6.00E—03
13 -2.37TE—03 -5.73E—04 1.40E—03 3.67E—03
14 -3.01E—03 -1.04E—03 1.10E—03 3.57E—03
15 4.16E—03 5.62E—03 7.44E—03 9.43E-03
16 -447E—03 -4.84E—03 -5.19E—-03 -5.62E—03
17 -6.58E—03 -751E—03 -851E—03 -9.68E—03
18 -7.53E—03 -8.61E—03 -9.81E—03 -1.12E—02
19 -8.09E—03 -9.35E—03 -1.08E—02 -1.24E—02
20 -1.12E—02 -133E—02 -1.56E—02 -1.83E—02
21 -141E—02 -1.66E—02 -1.96E—02 -2.29E—02
22 -1.89E—02 -2.25E—02 -2.6TE—02 -2.14E—02
23 -3.15E-02 -3.82E—02 -4.60E—02 -548E—02
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Fig. 15. Comparison of the displacement to Fig. 16. Comparison of the displacement to
Y-axis of Model 1 & 2 under load Y-axis of Model 2 & 3 under load
A. A

displacement.Y

1 4 7 1013 16 19 22

reference point

1 4 7 10 13 16 19 22

reference point
Fig. 17. Displacement to Y-axis of Model 1, Fig. 18. Displacement to Y-axis of Model 2,

comparing load A and B. comparing load A and B.
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Fig. 19. Comparison of the displacement to Fig. 20. Comparison of the displacement to
Y-axis of Model 3-3, b, ¢ and d under Y-axis of Model 3-a, b, ¢ and d under
load A. load B.
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Abstract

A THREE DIMENSIONAL FINITE ELEMENT STRESS ANALYSIS
OF OSSEOINTEGRATED PROSTHESIS ACCORDING TO
THE LOCATION AND LENGTH OF CANTILEVER

Bok-Sook Jang, Chang-Whe Kim, Yung-Soo Kim

Department of Prosthodontics, College of Dentistry, Seoul National University

This study investigated the effects of cantilever length, location and load condition on

stress distribution developed in the implants, prostheses and supporting tissues.

The osseointegrated prostheses with two 10mm Brinemark implants at 2nd premolar

and 1st molar sites with cantilever extensions at 1st premolar, 2nd and 3rd molar sites
were constructed. Under 100N, 200N of vertical and 45° oblique loads at the cantilever
pontics, stress distribution patterns and displacement were analyzed with three dimensional
finite element method.

1.

The results were as follows :

The stress was concentrated at the joint of the cantilever pontic and implant superstruc-
ture, the neck of implant and the ridge crest near the cantilever. But there was little
load transfer to the lower supporting tissues of implants.

. The implant near the cantilever was displaced inferiorly while the implant far from

the cantilever was displaced superiorly. In horizontal direction the implants were displa-
ced to the direction where the loads were applied, except the apexes of the implants.

. In case of anterior cantilever, the stress and displacement were higher than the prosthesis

connected with natural tooth.

. The stress developed in the posterior cantilevered type was higher than in the anterior

cantilevered type. The greastest stress was concentrated at the ridge crest near the
posterior cantilever.

. The longer the cantilever, the more the stress was developed and was concentrated

at the joint of the cantilever pontic and implant superstructure.

. Under oblique load, the stress was concentrated at the necks of implants and the ridge

crests, but decreased at the joint of the cantilever pontic and implant superstructure
than under vertical load.

Keywords . Osseointegrated prosthesis, 3-Dimensional finite element method, Load condi-
tion, Cantilever length and location
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