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Fig. 1. Scanning data before tooth preparation(A) and scanning data after tooth preparation. (B)
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Fig. 2. Preparation of an abutment tooth.

Fig. 4. Finite element model of all ceramic bridge.
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Fig. 3. Design and dimensions of geometric mod-
el. A: Core rests on the shoulder s entire extension,
B: 1.0 mm core material in the area adjacent to the
connectors, C: 0.90 mm radius of curvature (1) at
embrasure area, D: 0.5 mm core and 1.0 mm veneer
porcelain, E: height of the core material in marked
plane >3.0 mm.

Fig. 5. Finite element model of all ceramic bridge
connetor.
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Table 1. Material properties of finite analysis model

Material Modulus of Elasticity (E, MPa) Poisson s Ratio(v)
Dentin 1.86 x 10* 0.31
Periodontal ligament 69 0.45
Cortical bone 1.0 x 10* 0.30
Cancellous bone 0.025 x 10* 0.30
IPS Empress 2 core 9.64 x 10* 0.23
porcelain 6.0 x 10 0.23
In-Ceram zirconia core 257 x 10* 0.25
porcelain 5.8 x 10 0.19
Zirconia(TZP) core 21.0 x 10 0.33
o porcelain 5.8 x 100 0.19
Metal ceramic(Ni-Cr) core 22.5 x 10 0.23
porcelain 7.0 x 10* 0.19
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Fig. 6. The loading points (A-E) & reference points
(1-14).

{(A)central area of second premolar (B)mesial con-
nector of pontic (C)central fossa of ponic (D)distal
connector of pontic (E)central fossa of second molar
1.upper area of mesial connector 2.central fossa of
pontic 3.upper area of distal connector 4.under
area of mesial connector 5.under area of distal
connector 6.mesial margin of second premolar
7 buccal margin of second premolar 8 lingual mar-
gin of second premolar 9.distal margin of second pre-
molar 10.under area of pontic 11.mesial margin of
second molar 12.buccal margin of second molar 13 lin-
gual margin of second molar 14.distal margin of sec—
ond molar.
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Table II.-von Mises stress & Max. principal stress of reference point of zirconia all ceramic bridge - Loaded

(Unit: MPa)

Max. principal stress

at central fossa of pontic

von Mises stress

Reference point
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von Mises stress
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Fig. 7. von Mises stress of reference point of zirconia
all ceramic bridge - Loaded at central fossa of pontic.

Table III. von Mises stress of reference point according to loading point (Zirconia)

Fig. 8. Max. principal stress of reference point of
zirconia all ceramic bridge - Loaded at central fos-
sa of pontic.

(Unit: MPa)

Reference Disital connector ~ Central fossa Central fossa ~ Mesial connector ~ Central area of
point of pontic of second molar of pontic of pontic second premolar
1. 40.60 30.13 49.56 197.80 28.33
2 23.47 6.11 123.84 17.83 545
3 163.73 50.30 38.67 44 37 44 17
4 43.55 28.54 88.93 183.95 33.38
5 193.15 62.54 85.07 51.95 45.35
6 7.15 476 5.21 4.58 53.89
7 20.29 14.38 7.95 30.33 44.07
8 10.07 5.86 7.88 8.22 15.95
9 47.62 25.62 35.16 103.94 42.49
10 18.46 4.09 67.34 13.80 2.06
11 83.45 65.17 54.80 80.22 51.12
12 4.24 19.27 8.63 10.32 8.70
13 3.86 18.79 9.57 10.70 7.66
14 1.38 13.18 483 5.72 413
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Fig. 9. von Mises stress in reference points with zir-
conia all ceramic bridge according to loading point.

Fig. 10. von Mises stress of reference point accord-
ing to core materials - Loaded at central fossa of pon-
tic

Table IV. von Mises stress of reference point according to core materials - Loaded at central fossa of

pontic (Unit: MPa)

Reference point IPS Empress 2 In-Ceram zirconia Metal Ceramic Zirconia

1 30.78 57.97 53.50 49.56

2 138.77 135.24 135.94 123.84

3 20.55 45.60 41.29 38.67

4 69.54 97.95 91.15 88.93

5 55.79 100.69 90.42 85.07

6 4.83 5.47 5.14 521

7 6.33 9.46 8.69 7.95

8 5.35 9.06 8.29 7.88

9 30.32 42.13 26.94 35.16

10 44 .32 74.12 65.77 67.34

11 52.65 58.46 57.04 54.80

12 5.36 9.67 8.73 8.63

13 541 11.04 9.64 9.57

14 3.01 5.55 4.96 4.83
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Fig. 11. von Mises stress contour of Zirconia all ceram-
ic bridge.
- Loaded at distal connector of pontic.

Fig. 12, Max. principal stress contour of Zirconia all
ceramic bridge.
- Loaded at distal connector of pontic.

Fig. 13. von Mises stress contour of Zirconia all ceram-
ic bridge.
- Loaded at central fossa of second molar.

Fig. 14. Max. principal stress contour of Zirconia all
ceramic bridge.
- Loaded at central fossa of second molar.

Fig. 15. von Mises stress contour of Zirconia all ceram-
ic bridge.
- Loaded at central fossa of pontic.

Fig. 16. Max. principal stress contour of Zirconia all
ceramic bridge.
- Loaded at central fossa of pontic.

Fig. 17. von Mises stress contour of Zirconia all ceram-
ic bridge.
- Loaded at mesial connector of pontic.

Fig. 18. Max. principal stress contour of Zirconia all
ceramic bridge.
- Loaded at mesial connector of pontic.

215



AMUREQ

Fig. 19. von Mises stress contour of Zirconia all ceram-
ic bridge.
- Loaded at central area of second premolar.

Fig. 20. Max. principal stress contour of Zirconia all
ceramic bridge.
~ Loaded at central area of second premolar.

Fig. 21. von Mises stress contour of all ceramic
bridge. (IPS Empress 2)
- Loaded at central fossa of pontic.

Fig. 23. von Mises stress contour of all ceramic
bridge. (Metal-Ceramic)
- Loaded at central fossa of pontic.

Fig. 22. von Mises stress contour of all ceramic
bridge. (In—ceram)
- Loaded at central fossa of pontic.
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ABSTRACT

A STUDY ON THE STRESS DISTRIBUTION OF POSTERIOR FIXED
PARTIAL DENTURE WITH VARIOUS ALL-CERAMIC SYSTEMS

Han-Joong Kang, D.D.S., Jin-Keun Dong, D.D.S., M.S.D., Ph.D,,
Sang-Chun Oh, D.D.S., M.S.D., Ph.D,, Hae-Hyoung Lee, D.D.S,, Ph.D.*,
Ki-Chang Song, M.Eng., Ph.D.**

Depariment of Prosthodontics, School of Dmﬁs{ly, Wonkiang University
Department of Dental Biomaterials, School of Dentistry, Dankook University*
Department of Chemical Engincering, Konyang University**

Purpose. The purpose of this study was to analyze stress distribution of all ceramic posterior
fixed partial denture using a three dimensional finite element method.

Material and method. A three dimensional finite element model was created to demonstrate
all-ceramic posterior fixed partial denture and then this computer model measured the stress dis-
tribution of the all ceramic bridges which has a ceramic core materials such as Zirconia, IPS Empress
2, In-Ceram zirconia, Metal-Ceramic. Also the stress distribution was examined according to load-
ing sites when force was applied to sites such as the central area of second premolar, the mesial
connector of pontic, the central fossa of pontic, the distal connector of pontic, and the central fos-
sa of second molar

Results.

1. In all the materials of the core in this study, von Mises stress indicated that the stress increased
as force was applied to loaded sites, just at those points, on the connector, and the margin
in the area adjacent to the connectors.

2. The maximum principal stress was much higher in the lower part of the connectors than in
any other region.

3. As the load was applied to the different locations, the research showed a consistent
increase of stress in the lower connectors. The maximum value of the von Mises stress was
two or three times greater when the load was applied directly to the connectors rather than
indirectly through another stressed region.

4. In the case of In-Ceram zirconia, the stress in lower connectors was the highest of. aH the ref-
erence points, the stress showed 75% of all the maximum stress. Ziconia showed 72%, Metal-
Ceramic 67% and IPS Empress 2 50%.

5. In the case of Ziconia, the stress was well dispersed in each reference point that the stress
differences were smaller when compared to In-Cream ziconia. .

Key words : Stress Distribution, Posterior Fixed Partial Denture, All-Ceramic Systems, Three dimen-
sional finite element method
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