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Finite Element Analysis on Stress Distribution in Base Metal-Ceramic Crown

Margin Designs

Myung-Kon Lee, Jung-Woog Shin, Myung-Duk Kim
Dexpt. of Dental Laboratory Technology, Jisan College

Dent, of Biomedical Engineering, College of Biomedical Science and Engineering, Inje University

Biomechanics Lab. Dept. of Biomedical Engineering, Inje University

The objective of this finite dement method study was to andyze the stress ditribution induced in a
maxillary central incisor Ni-Cr base metal coping ceramic crowns with various margin design.
Margin designs of crown in this experiment were knife-edge metal margin on chamfer finishing line
of tooth preparation(M1), butt metal margin on shoulder finishing ling(M2), reinforced butt metal
margin on shoulder finishing lineg(M3), beveled metal margin on bevelde shoulder finishing

line(M4).

Two- dimensiona finite element modes of crown designs were subjected to a smulated biting

force of 100N which wasforced over porcelain near the lingud incisal edge.

Base on plane stress analys's, the maxium von Miss stresses(Mpa) in porcelain venner was 0.432,
in meta coping was 0.579, in dentin abutment was 0.324 for M1 model, and M2 mode reveded in
porcelain was 0.556, in metal coping was 0.511, in dentin was 0.339, and M3 mode reveded in

porcelain was 0.556, in metal coping was 0.794, in dentin was 0.383 for M4 model.

All values of each materia in meta-ceramic crown were much below the critical failure values.
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Fig. 1 A 20D finite element model with loading
condition for the typical maxillary central incisor
metal-ceramic crown with margin designs.

M1 : knife-edge metal margin on chamfer finishing

line.

M2 : butt metal margin on shoulder finishing line.

M3 : reinforced butt metal margin on shoulder
finishing line.

M4 : beveled metal margin on beveled shoulder
finishing line.
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564—641

<Table 1>

Table 1. Node and element numbers of each

model
Element
Node

Porcelain | Metal | Dentin | Total
M1 | 564. 78 154 275 '507
M2| 589 148 126 256 530
M3| 589 148 126 256 530
M4 | 641 148 150 281 579

ANSYS

(Swanson Analysis System Inc, US.A. Ver

53)

(Elastic modulus)

Ni-Cr

(Poisson’ s ratio)

<Table 2>

Table 2. Elastic properties of materials

£ W BH (%) BE (%)
TH30E LU T
31~354] 6 12. 24
36~40 9 18. 36
41~45A) 13 26.53
46~504 11 22.45
51~554] 4 8.16
56~60A] 4 8.16
604 o] A} 2 4.08
2. 51577 W AAZ
100—200N 1/3

135°
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Fig. 3. Distribution of the von Mises stress on
metal-ceramic  crown with butt metal
margin.(Model M2)
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margin.(Model M3)
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Fig. 5.
metal-ceramic crown with beveled metal
margin(Model M4)

Distribution of the von Mises stress on

von Mises <Table 3>
165 MPa,
Ni-Cr 359 MPa,
40MPa

Anusavice

Ni-Cr, Au-Pd
0.1. 0.3mm
stress  strain
0.3mm
Maximum pirncipal
Ni-Cr - 295MPa , Au-Pd
- 26.0MPa

Table 3. Maimum value of von Mises stress
on each material of Model(MPa).

Mat, ‘ _
Model Porcelain Metal Dentin
M1 0.432 0.579 0.324
M2 0.556 0.511 0.339
M3 0.556 0.511 0.342
M4 0.556 0.794 0.383
Anusavice  Hojjatie -
0.1, 0.3mm
Ni-Cr, Au-Pd ,
4.2mm 3
3
Gardner -

beveled shoulder

- 1350+ 93 N,
1890+ 18 N
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