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Fig. 1. Photograph of section No. 8.

Table 1. Models with various abutment designs

Model Finish line Incisal reduction
1 shoulder with sharp axio-gingival line angle 2.0 mm
2 shoulder with rounded axio-gingival line angle 2.0 mm
3 chamfer 2.0 mm
4 shoulder with sharp axio-gingival line angle 4.0 mm
5 shoulder with rounded axio-gingival line angle 4.0 mm
6 chamfer 40 mm

Table 2. Young’s modulus of elasticity and Poisson’s ratio of materials

Material Modulus &Z:SSUCIW(E) Poisson's ratio(y)

Ceramic 7.0 X 10" 0.28
Resin cement 60 X 10° 0.36

Dentin 1.86 X 10° 0.31

*The average value of the modulus of elasticities of several all-ceramic materials®.
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Fig. 3. The reference points for comparison of stresses.

1—3. Reference points on labial crown surface : 1. Interface between abutment and cement,
2. Interface between cement and porcelain, 3. Porcelain above the margin.

4—6. Reference points at porcelain near line angle in labial margin area . 4. Shoulder with
sharp line angle, 5. Shoulder with rounded line angle, 6. chamfer.

7—9. Reference points on lingual crown surface . 7. Interface between abutment and ce-
ment, 8. Interface between cement and porcelain, 9. Porcelain above the margin.

10—12. Reference points at porcelain near line angle in lingual margin area : 10. Shoulder

with sharp line angle, 11. Shoulder with rounded line angle, 12. chamfer.
13. Porcelain surface labial to the incisal edge.
14. Porcelain surface lingual to the incisal edge.
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Table 3. Minimum principal stresses of Model 1, 2, and 3 under various loading condi-

tions (MPa)
Loading Condition | Reference Point Model 1 Model 2 Model 3

1 -256E+0.1 -246E+01 -2.34E+01
2 -2.23E+01 -2.08E+01 -2.56E+ 01
3 -257E+01 -251E+0.1 -2.79E+01
4 -6.05E+01 -3.38E+01 -3.11E+01
5 -3.91E+01 -4.16E+01 -341E+01
6 -3.33E+01 -353E+01 -349E+01
Load A 7 1.75E+00 1.25E+00 -7.53E—01
8 -7.84E+00 -8.22E+00 647E+00
9 351E—02 -4.03E—01 -7.79E—01
10 -2.11E+01 -2.26E+00 -1.55E+00
11 -8.36E+00 -4.60E+00 -1.15E+00
12 7.16E—01 1.61E+00 7.15E—01
13 -2.46E+00 -247E+00 -2.49E+ 00
14 2.37E—-01 2.32E—-01 2.18E—01
1 -464E+01 -4 48E +01 -422E+01
2 -4.14E+01 -3.90E+01 -4.74E+01
3 -4 85E+01 -4.76E+01 -5.32E+01
4 -1.03E+02 -5.83E+01 -5.32E+01
5 -6.75E+01 -715E+01 -5.92E+01
6 -5.86E+01 -6.21E+01 -6.12E+01
Load B 7 343E+00 2.59E+00 -2.03E+00
8 -1.54E+01 -1.64E+01 1.11E+01
9 -4.77E+00 -5.58E+00 -6.61E+00
10 -3.32E+01 -L.71E+00 -1.59E +00
11 -146E+01 -8.54E+00 -1.16E+00
12 -8.90E—01 341E—01 -2.19E+00
13 -2.46E+02 -246E+02 -2.46E +02
14 -3.20E+01 -3.20E+01 -3.20E+01
1 348E—-02 5.81E—02 -2.22E—01
2 -1.78E+00 -1.73E+00 1.59E-01
3 -2.48E+00 -243E+00 -2.06E+00

4 -401E+00 -2.34E+00 -244E+00
5 -241E+00 -2.56E+ 00 -153E+00
6 -1.79E+ 00 -1.79E+00 -1.76E+00
Load C 7 -1.38E+01 -1.38E+01 -1.12E+01
8 -1.32E+01 -1.31E+01 -1.83E+01
9 -2.52E+01 -2.55E+01 -2.95E+01
10 -3.22E+01 -1.95E+01 -1.78E+01
11 -1.95E+01 -2.12E+01 -1.87E+01
12 -264E+01 271E+01 -2.72E+01
13 -6.34E—-01 -6.38E—01 -6.57E—01
14 -5.39E—01 -543E—01 -561E—01
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Table 4. Minimum principal stresses of Model 4, 5, and 6 under various loading condi-

tions (MPa)
Loading Condition | Reference Point Model 4 Model 5 Model 6
1 -2.56E+0.1 -247E+01 -234E+01
2 -2.23E+01 -2.09E+01 -2.57E+01
3 -2.58E+01 -252E+01 -280E+01
4 -6.05E+01 -3.38E+01 -311E+01
5 -392E+01 4.16E+01 -341E+01
6 -3.33E+01 -3.53E+01 -349E+01
Load A 7 1.75E+00 1.25E+00 -753E—01
8 -7.83E+00 -8.22E+00 647E+00
9 4.13E-02 -397E-01 -7.76E—01
10 -2.11E+01 -2.26E+00 -1.55E+00
11 -8.36E+00 -4.60E+00 -1.15E+00
12 7.20E—01 1.61E+00 707E—01
13 -2.32E+00 -2.33E+00 -2.35+00
14 1.15E—01 1.19E—01 -1.33E—01
1 -4.65E+01 -448E+01 -423E+01
2 -4.14E+01 -3.91E+01 -4.75E+01
3 -4.85E+01 -4.77E+01 -5.33E+01
4 -1.03E+02 -5.83E+01 -532E+01
5 -6.75E+01 -7.16E+01 -5.92E+01
6 -5.87E+01 -6.22E+01 -6.12E+01
Load B 7 343E+00 2.59E+00 -2.03E+00
8 -1.54E+01 -164E+01 1.11E+01
9 -4.82E+00 -5.63E+00 -6.66E + 00
10 -3.32E+01 -1.69E+00 -1.58E+00
11 -146E+01 -8.53E+00 -1.15E+00
12 -9.18E—01 3.09E—-01 -2.25E+00
13 -246E+02 -246E+02 -246E+02
14 -3.20E+01 -3.20E+01 -3.20E+01
1 3.58E—02 5.90E—02 -222E—01
2 -1.77E+00 -1.73E+00 1.64E—01
3 -247E+00 -2.42E+00 -2.05E+00
4 -4.00E+00 -2.34E+00 -244E+00
5 -2.41E+ 00 -2.56E+00 -1.53E+00
6 -1.78E+00 -1.79E+00 -1.75E+00
Load C 7 -1.38E+01 -1.38E+01 -1.12E+01
8 -1.32E+01 -1.31E+01 -1.83E+01
9 -2.52E+ 01 -2.55E+01 -2.95E+01
10 -3.22E+01 -1.95E+01 -1.78E+01
11 -1.95E+01 -2.12E+01 -1.87E+01
12 -2.64E+01 -2.71E+01 -2.72E+01
13 -6.41E—01 -645E—01 -6.64E—01
14 -5.28E—01 -5.31E—01 -549E—01
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Table 5. Maximum principal stresses of Model 1, 2, and 3 under various loading condi-

tions (MPa)
Loading Condition | Reference Point Model 1 Model 2 Model 3
1 -7:29E—02 - 2.28E—01 9.69E—01
2 6.72E+00 6.99E+00 -2.55E+00
3 2.70E+00 357E+00 3.90E+00
4 9.08E+00 1.03E+00 1.06E+00
5 6.99E+00 443E+00 1.11E+00
6 9.28E—01 8.04E—01 1.85E+00
Load A 7 3.78E+01 3.65E+01 345E—01
8 3.65E+01 3.50E+01 3.89E+01
9 4.10E—-01 413E—-01 4.65E—01
10 6.73E+01 3.65E+01 3.85E+01
11 5.58E+01 5.78E+01 4.63E+01
12 4.54E—01 4.75E+01 4.65E—01
13 1.38E+00 1.37E+00 1.37+00
14 6.99E— 00 6.99E— 00 6.98E — 00
1 -3.52E—01 1.27E-01 1.60E + 00
2 1.29E+01 142E+01 -4.57E_+OO
3 9.93E+00 1.14E+01 1.17+01
4 1.15E+01 8.10E—01 1.20E+400
5 1.05E+01 6.65E + 00 9.69E — 01
6 4.70E+00 421E+00 598E+00
Load B 7 6.87E+01 6.63E+01 6.13E+01
8 6.65E+01 6.38E+01 7.06E+01
9 7.68E+01 7.73E+01 8.69E+01
10 1.25E+02 6.77TE+01 707E+01
11 1.01E+02 1.05E+02 847E+01
12 8.54E—01 8.92E—-01 8.72E+01
13 "-1.09E+01 -1.09E+01 -1.09E+01
14 1.30E+02 1.30E+02 1.30E+02
1 3.32E—-00 345E—00 348E—00
2 3.70E+00 3.85E+00 4.96E — 00
3 4.18E+00 4.95E+00 6.04E+00
4 5.23E+00 2.13E+00 1.80E+00
5 3.23E+00 294E+00 1.91E+00
6 2.36E+00 2.26E+00 2.29E+00
Load C 7 9.11E-01 -9.46E—01 1.94E+00
8 7.78E+00 8.08E+00 -3.61E—01
9 6.20E+00 6.42E+00 7.23E+00
16 3.63E+00 -1.27E+00 3.62E—01
11 8.80E+00 8.77E+00 -141E+00
12 5.62E+00 5.63E+00 7.89E+00
13 5.63E—02 5.65E—02 5.76E—02
14 1.08E—01 1.08E—01 1.09E—01
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Table 6. Maximum principal stresses of Model 4, 5, and 6 under various loading condi-

tions (MPa)
Loading Condition | Reference Point ‘Model 4 Model 5 Model 6
1 -7.67TE—02 224E—01 9.67E—01
2 6.73E+00 7.00E+00 -2.54E+00
3 2.86E+00 3.73E+00 4.07E+00
4 9.06E+00 1.02E+00 1.05E +00
5 6.98E+00 4.42E+00 1.11E+00
6 9.66E —01 828E-01 1.90E+00
Load A 7 378E+01 3.65E+01 345E-01
8 3.65E+01 3.50E+01 3.89E+01
9 410E-01 413E-01 4.65E—01
10 6.73E+01 3.65E+01 3.85E+01
11 5.58E+01 5.77E+01 463E+01
12 454E-01 4.74E+01 4.65E—01
13 1.25E+00 1.25E+00 1.24+00
14 4.62E—00 462E—00 461E —00
1 -3.55E—01 1.24dE—01 1.59E+ 00
2 1.30E+01 143E+01 -4.50E+00
3 1.02ZE+01 1.17E+01 1.20+01
4 1.15E+01 8.04E—01 1.28E+00
5 1.05E +01 6.64E+ 00 9.64E—01
6 4.92E+00 442E+00 6.18E+00
Load B 7 6.87E+01 6.63E+01 6.13E+01
8 6.65E +01 6.38E+01 7.07E+01
9 7.68E+01 7.74E+01 8.70E+01
10 1.25E+02 6.77TE+01 7.07E+01
11 1.01E+02 1.05E+02 847E+01
12 854E—01 8.93E—-01 8.73E+01
13 -1.10E+01 -1.10E+01 -1.10E+01
14 1.31E+02 1.31E+02 1.31E+02
1 3.32E+00 345E+00 348E+00
2 3.70E+00 3.86E+00 4.96E+ 00
3 4.81E+00 4.95E+00 6.05E+00
4 5.23E+00 2.14E+00 1.81E+00
5 3.23E+00 2.95E+00 1.92E+00
6 2.36E+00 2.27E+00 2.30E+00
Load C 7 -9.11E—01 -946E—01 1.93E+00
8 7.78E+00 8.08E+00 -3.61E—01
9 6.20E+00 6.42E+00 7.23E+00
10 3.63E+00 -1.27E+00 3.61E—01
11 8.80E+00 8.77E+00 -141E+00
12 5.62E+00 5.64E+00 7.89E +00
13 5.05E—02 5.06E—02 5.14E—02
14 1.13E—01 1.13E—01 1.14E—-01
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Fig. 4. Minimum principal stresses under Load A.
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Fig. 6. Comparison of Minimum principal stresses of Model 1, 2, and 3 under Load A.
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EXPLANATION OF FIGURES

Three dimensional finite element model.

Mid-sagittal sections of Model 1, 2, and 3 (long abutment).
Mid-sagittal sections of Model 4, 5, and 6 (short abutment).
Minimum principal stresses of Model 1 and 4 under Load A.
Maximum principal stresses of Model 1 and 4 under Load A
Minimum principal stresses of Model 2 and 5 under Load A.
Maximum principal stresses of Model 2 and 5 under Load A
Minimum principal stresses of Model 3 and 6 under Load ‘A.
Maximum principal stresses of Model 3 and 6 under Load A
Principal stresses of Model 1 under Load A.

Principal stresses of Model 1 under Load B.

Principal stresses of Model -1 under Load C.

Principal stresses of Model 2 under Load A.

Principal stresses of Model 2 under Load B.

Principal stresses of Model 2 under Load C.

Principal stresses of Model 3 under Load A.

Principal stresses of Model 3 under Load B.

Principal stresses of Model 3 under Load C.
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ABSTRACT

THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS OF
STRESS DISTRIBUTION IN ALL-CERAMIC CROWNS WITH
VARIOUS FINISH LINE DESIGNS AND INCISAL REDUCTIONS
UNDER DIFFERENT LOADING CONDITIONS

Eun-Suk Koh, Sun-Hyang Lee, Jae-Ho Yang, Hun-Young Chung

Department of Prosthodontics, School of Dentistry, Seou! National University

The purpose of this study was to determine the effect of finish line design, amount

of incisal reduction, and loading condition on the stress distribution in anterior all-ceramic
crowns.

Three-dimensional finite element models of an incisor all-ceramic crown with 3 different

finish line designs : 1) shoulder with sharp line angle 2) shoulder with rounded line angle
3) chamfer : and 2 different incisal reductions : 2mm and 4mm were developed. 300 N
force with the direction of 45 degree to the long axis of the tooth was applied at 3 different
positions : A) incisal 1/3, B) incisal edge, C) cervical 1/5. Stresses developed in ceramic
and cement were analyzed using three-dimensional finite element method.

1.

The results were as follows -

Stresses were concentrated in the margin region, which were primarily compressive
in the labial and tensile in the lingual.

Stresses were larger in the area near line angle than on the crown surface of the margin
region. In case of shoulder with sharp line angle, stresses were highly concentrated
in the porcelain near line angle.

. At the interface between porcelain and cement and at the porcelain above the margin

on crown surface, stresses were the highest in chamfer, and decreased in shoulder
with sharp line angle and shoulder with rounded line angle, respectively.

. At the interface between cement and abutment on crown surface, stresses were the

highest in shoulder with sharp line angle, and decreased in shoulder with rounded line
angle and chamfer, respectively.

. The amount of incisal reduction had little influence on the stress distribution in all-cera-

mic crowns.

. When load was applied at the incisal edge, higher stresses were developed in the margin

region and the incisal edge than under the other loading conditions.

. When load was applied at the cervical 1/5, stresses were very low as a whole.

Key words : All-ceramic crown, Finish line design, Amount of incisal reduction, Loading

condition, 3-dimensional finite elelment method.
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