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Table 1. Material properties in the finite element models

Material Modulus of Elasticity (E Mpa) Poisson’s Ratio (v)
Enamel 8.25' X 1¢* 0.33
Dentin 1.86 X 10* 0.31
Cortical bone 1.37 X 10* 0.30
Cancellous bone 1.37 X 10* 0.30
Porcelain 6.90 X 10 0.28
Gold 7.70 X 10* 0.33
Co-Cr 2.00 X 10 0.33
ZPC 2.20 X 10* 0.35
Periodontal ligament 68.9 045
Gutta percha 0.69 0.45
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Table 2. von Mises stresses of the dentin on the midsagittal section (diagonal force) (Mpa)

Al1G A2G A3G A4G AIM A2M ASM A4M
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2.93E+01 2.01E+01 3.01E+01 3.05E+01 2.81E+01 3.27E+01 2.94E+01 2.94E+01
3.40E+01 3.23E+01 3.59E+01 3.60E+01 3.29E+01 3.19E +01 347E+01 3.47E+01
3.98E+01 3.58E+01 4.37E+01 4.37E+01 3.84E+01 345E+01 4.17E+01 4.17E+01
4.20E+01 4.71E+01 5.26E+01 4.99E+ 01 4.06E + 01 4.46E + 01 4.98E+01 4.75E+01
445E+01 5.27E+01 645E+01 5.51E+01 4.31E+01 4.87E+01 6.09E+01 5.30E+01
4.78E+01 4.70E+01 7.65E+01 6.60E+01 4.53E+01 4.25E+01 6.98E +01 6.20E+01
458E+01 4.68E+01 7.82E+01 8.56E+01 4.23E+01 4.22E+01 6.78E+01 7.54E+01
3.90E+01 447E+01 6.92E+01 9.06E +01 3.50E+01 3.96E+01 5.66E +01 7.56E +01
3.68E+01 4.83E+ 01 6.08E+01 8.41E+01 3.24E+01 4.19E+01 4.92E+01 7.06E+01
2.97E+01 4.09E+01 6.01E+01 7.58E+01 2.45E+01 3.29E+01 4.50E +01 6.68E+ (1
3.00E+01 4.26E+01 7.07E+01 8.05E+01 2.62E+01 3.64E+01 5.95E+01 7.46E +01
4.39E+01 6.24E+01 1.17E+02 1.69E+02 4.82E+01 6.75E+01 1.25E+02 1.79E + 02
3.16E+01 4.35E+01 7.90E+01 1.26E+ 02 4.02E+01 549E+01 9.64E+01 141E+02
5.35E+01 7.09E+01 6.86E+01 1.00E+01 6.84E+01 9.00E+ 01 848E+01 1.17E+02
5.16E+01 6.85E+01 6.08E+01 8.78E+01 648E+01 849E+01 7.34E+01 1.01E+02
4.64E+01 6.10E+01 1.02E+02 1.29E+02 5.07E+01 6.61E+01 1.11E+02 1.40E +02
4.53E+015841E+018.87E+01 1.12E+ 02 4.10E+01 5.23E+01 8.04E+01 1.07E+02
4.54E+01 5.81E+01 8.12E+01 1.05E+ 02 3.73E+01 4.70E+ 01 6.49E+01 9.23E+01
4.76E+01 6.09E+01 7.94E+01 1.17E+02 3.87E+01 4.91E-+01 6.23E+01 9.88E+01
5.29E+01 6.18E+01 8.95E+01 1.21E+02 4.28E+01 4.88E+01 6.97E+01 9.93E+01
6.19E+01 6.61E+01 9.81E+01 1.08E+ 02 5.21E +01 541E+ 01 8.03E +01 9.06E +01
6.90E+01 7.40E+01 9.82E+01 8.90E+01 5.99E+01 6.21E+01 8.38E+01 7.74E+01
6.95E+01 8.57E+01 9.14E+01 852E+01 6.14E+01 7.48E+01 8.02E+01 7.55E+01
6.60E+01 8.27E+01 8.06E+01 7.77E+01 5.88E+01 7.39E+01 7.16E+01 6.94E+01
543E+01 5.72E+01 5.95E+01 5.83E+01 4.83E+01 5.22E+01 5.32E +01 5.21E+01

441E+01 3.69E+01 4.56E+01 4.52E+ 01 4.29E +01 3.95E+ 01 4.53E+01 4.46E+ 01
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Fig. 1. von Mises stresses of the dentin on the midsagittal section (diagonal force).

Al1G ! Normal bone with gold post

A1M : Normal bone with metal post
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A2G ! 2mm resorbed bone with gold post
A3G : 4mm resorbed bone with gold post A4G : 6mm resorbed bone with gold post
A2M ! 2mm resorbed bone with metal post
A3M ! 4mm resorbed bone with metal post A4M : 6mm resorbed bone with metal post
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Table 3. von Mises stresses of the dentin on the midsagittal section (horizontal force)

(Mpa)

B1G B2G B3G B4G B1M B2M B3M B4M
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1.53E+01 1.07E+01 1.65E+01 1.64E+01 1.53E+01 1.17E-+01 1.65E+01 1.63E+01
1.85E+01 1.89E+01 2.02E+01 2.03E+01 1.79E+01 1.84E+01 1.94E+01 1.94E+01
240E+012308E+012.74E+01 2.76E+01 2.30E+01 2.18E+ 01 2.56E+ 01 2577E + 01
2.80E+01 344E+01 3.71E+01 3.58E+01 2.65E+01 3.19E +01 342E+01 3.29E+ 01
2.77E+01 3.93E +01 4.62E+01 3.99E+01 2.60E+01 3.54E+01 4.21E+01 3.67E+ 01
2.94E+01 3.51E+01 5.74E+01 4.93E+01 2.70E+01 3.05E + 01 5.05E + 01 4.46E + 01
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2.39E+01 346E+014778E+01757E+01 2.03E+01 2.90E+01 3.74E+01 6.27E+01
2.09E+01 3.14E+01 5.08E+01 7.33E+01 1.67E+01 2.46E+01 3.78E+01 6.53E+01
2.16E+013346E +016.07E+01 7.65E+01 1.87E+01 2.82E+ 01 5.13E+ 01 7.13E+01
3.37E+01 5.07E+01 1.03E+02 1.59E+02 3.72E+01 5.50E+01 1.10E+02 1.68E +02
247E+01 3.59E+01 7.23E+01 1.21E+02 3.08E+01 447E+01 8.70E+01 1.35E + 02
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3.69E+014241E+016.79E+01 7828E+ 02 3.10E+01 346E +01 5.54E +01 6.55E + 01
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3.77E+01 5.46E+01 5.62E+01 520E+ 01 3.36E+01 4.75E+01 4.96E+01 4.67E+01
3.57E+01 5.26E+01 4.81E+01 4.61E+01 3.23E+01 4.69E+01 4.33E+01 4.20E+ 01
2.70E+01 3.39E+01 3.18E+01 3.08E+01 2.49E+01 3.12E+01 2.96E+01 2.88E+01
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Fig. 2. von Mises stresses of the dentin on the midsagittal section (horizontal force).

B1G ! Normal bone with gold post B2G : 2mm resorbed bone with gold post
B3G : 4mm resorbed bone with gold post B4G : 6mm resorbed bone with gold post
B1M : Normal bone with metal post B2M : 2mm resorbed bone with metal post

B3M : 4mm resorbed bone with metal post B4M : 6mm resorbed bone with metal post

Table 4. von Mises stresses of the post on the midsagittal section (diagonal force) (Mpa)

AlG A2G A3G A4G AIM AZM A3SM AdM

W 00 3 O W W N =

Pt e
W N -=o

3.88E+01 2.62E+01 3.90E+01 3.97E+01 5.97E+01 4.25E + 01 5.84E + 01 5.95E + 01
4.96E+01 3.37E+01 5.06E+01 5.17E+01 8.37E+ 01 6.12E +01 8.36E+01 8.49E +01
5.07E+01 4.28E+01 5.36E +01 543E +01 9.87E+01 8.12E+01 1.00E + 02 101E+02
6.42E +01 7.05E+01 7.75E+01 7.40E +01 1.40E +02 1.36E +02 1.59E +02 1.56E + 02
7.98E+01 7.09E+01 9.37E+01 9.15E+01 1.88E +02 1.85E +02 2.28E+02 2.21E +02
LOSE+02 1.21E+02 146E +02 1.34E +02 2.28E+02 2.56E +02 3.19E +02 2.99E +02
9.39E+01 1.15E+02 1.49E+02 1.26E+02 1.77E+02 2.14E + 02 2.77E+02 2.50E +02
1.31E+02 1.78E+02 2.50E+02 2.12E+02 2.39E+ 02 3.14E+ 02 4.35E+ 02 3.95E + 02
1.23E+02 1.68E+02 2.39E+02 2.07E+02 2.11E+02 2.82E+02 3.97E +02 3.69E + 02
1.59E+02 2.23E+02 3.38E+02 2.91E+02 2.68E +02 3.65E+02 540E +02 5.02E + 02
1.55E+02 2.16E+02 3.70E+02 341E+ 02 2.54E + 02 3.43E+02 5.63E+02 5.55E + 02
2.08E+02 2.93E+02 4.99E+02 4.93E +02 3.33E+02 4.60E+02 749E+02 7.77E + 02
747E+01 9.93E+01 1.27E+02 1L.56E+02 1.17E+02 1.52E+02 1.83E+02 2.24E +02
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Fig. 3. von Mises stresses of the post on the midsagittal section (diagonal foce).
AlG : Normal bone with gold post A2G  2mm resorbed bone with gold pdst
A3G : 4mm resorbed bone with gold post A4G:6mm resorbed bone with gold post
AlIM ! Normal bone with metal post AZM : Zmm resorbed bone with metal post

A3M | 4mm resorbed bone with metal post A4M : 6mm resorbed bone with metal post

Table 5. von Mises stresses of the post on the midsagittal section (horizontal force) (Mpa)

B1G B2G B3G B4G B1M B2M B3M B4M -
3.80E+01 3.13E+01 3.92E+01 3.94E+01 4.99E+01 427E+01 5.24E+01 5.21E+01
4.23E+01 3.60E+01 4.67E+01 4.63E+01 597E+01 549E+01 6.74E+01 6.63E+01
3.73E+01 3.84E+01 4.62E+01 4.43E+01 5.57E+01 5.63E+01 6.55E + 02 6.34E + 02
4.36E+01 5.54E+01 6.21E+01 5.64E+01 8.27E+02 9.14E+02 1.06E + 02 1.00E+02
4.60E+01 5.27E+01 6.00E+01 5.66E+01 1.11E+02 1.17E+02 1.45E+02 1.40E+02
6.44E+01 8.21E+01 1.03E+02 9.22E+01 1.43E+02 1.75E+02 2.26E+02 2.10E + 02
5.69E+01 7.88E+02 1.13E+02 9.25E+01 1.11E+02 1.47E+02 2.06E +02 1.84E + 02
8.82E+01 1.30E+02 2.02E+02 1742E + 02 1.63E+ 02 2.31E+ 02 3.48E+ 02 3235E+ 02
8.25E+01 1.23E+02 1.91E+02 1.70E+ 02 144E+ 02 2.08E+ 02 3.19E+02 3.03E+02
111E+02 1.67E+02 2.77E+02 245E+02 1.88E+02 2.74E+ 02 4.41E+02 4.21E+ 02
1.12E+02 1.65E+02 3.10E+02 2.97E+02 1.82E+02 2.62E +02 4.69E + 02 4.78E + 02
152E+02 2.28E+02 4.23E+02 4.33E+ 02 2.43E+02 3.56E+ 02 6.32E + 02 6.80E + 02
5.26E+01 7.34E+01 1.02E+02 1.34E+ 02 8.22E +01 1132E + 02 1.49E + 02 1.92E + 02
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Fig. 4. von Mises stresses of the post on the midsagittal section (horizontal force).

B1G : Normal bone with gold post

B3G : 4mm resorbed bone with gold post
B1IM : Normal bone with metal post

B2G : 2mm resorbed bone with gold post

B4G ! 6mm resorbed bone with gold post

B2M  2mm resorbed bone with metal post
B3M . 4mm resorbed bone with metal post B4M : 6mm resorbed bone with metal post

Table 6. Displacement of the post-cement interface on the midsagittal. section(diagonal

force)

(Mpa)

Al1G

A2G

A3G

A4G

AIM

A2M

A3M

AdM

3.04E-01
2.64E-01
2.26E-01
1.86E-01
144E-01
9.92E-02
5.73E-02
5.05E-02
6.21E-02
1.00E-01
143E-01
191E-01
2.56E-01
2.95E-01
348E-01
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342E-01
2.97E-01
2.54E-01
2.07E-01
157E-01
1.05E-01
5.72E-02
4.96E-02
6.27E-02
1.06E-01
156E-01
2.13E-01
2.88E-01
3.33E-01
3.91E-01

4.82E-01
4.16E-01
3.53E-01
2.85E-01
2.10E-01
1.32E-01
6.23E-02
5.11E-02
7.06E-02
1.35E-01
2.09E-01
2.93E-01
4.03E-01
4.68E-01
5.53E-01

7.25E-01
6.32E-01
543E-01
4.44E-01
3.32E-01
2.09E-01
9.31E-02
7.46E-02
1.07E-01
2.13E-01
3.30E-01
4.57E-01
6.14E-01
7.05E-01
8.24E-01

3.01E-01
2.62E-01
2.25E-01
1.87E-01
145E-01
1.00E-01
5.69E-02
4.99E-02
6.20E-02
1.02E-01
145E-01
1.92E-01
2.54E-01
2.92E-01
342E-01

3.38E-01
2.93E-01
2.5E-01
2.07E-01
1.58E-01
1.06E-01
5.68E-02
4.88E-02
6.27E-02
1.08E-01
1.58E-01
2.12E-01
2.85E-01
3.28E-01
3.85E-01

4.67E-01
4.05E-01
3.46E-01
2.81E-01
2.10E-01
1.34E-01
6.16E-02
4.99E-02
7.03E-02
1.36E-01
2.09E-01
2.89E-01

.3.93E-01

4.54E-01
5.34E-01

7.11E-01
6.21E-01
5.36E-01
4.40E-01
3.31E-01
2.10E-01
9.21E-02
7.32E-02
1.06E-01
2.14E-01
3.29E-01
4.52E-01
6.04E-01
6.92E-01
8.07E-01
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Fig. 5. Displacement of the post-cement interface on the midsagittal section (diagonal fo-

rce).

A1G . Normal bone with gold post

A3G : 4mm resorbed bone with gold post
A1IM : Normal bone with metal post

A2G ! 2mm resorbed bone with gold post

A4G © 6mm resorbed bone with gold post

A2M  2mm resorbed bone with metal post
A3M : 4mm resorbed bone with metal post A4M  6mm resorbed bone with metal post

Table 7. Displacement of the post-cement interface on the midsagittal section(horizontal

force)

B1G

B2G

B3G

B4G

B1M

B2M

B3M

B4M

-2.89E-01
-2.54E-01
-2.21E-01
-1.86E-01
-147E-01
-1.05E-01
-6.46E-02
-5.81E-02
-6.93E-02
-1.06E-01
-146E-01
-1.90E-01
-247E-01
-2.81E-01
-3.25E-01

O 0 3 M U = W
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-3.24E-01
-2,85E-01
-247E-01
-2.05E-01
-1.59E-01
-1.10E-01
-6.48E-02
-5.76E-02
-7.02E-02
-1.12E-01
-1.58E-01
-2.10E-01
-2.77E-01
-3.15E-01
-3.65E-01

-4.55E-01
-3.97E-01
-341E-01
-2.79E-01
-2.10E-01
-1.37E-01
-7.02E-02
-5.95E-02
-7.82E-02
-1.39E-01
-2.09E-01
-2.87E-01
-3.86E-01
-4.43E-01
-5.16E-01

-6.95E-01
-6.10E-01
-5.29E-01
-4.36E-01
-3.29E-01
-2.12E-01
-101E-01
-8.30E-02
-1.14E-01
-2.16E-01
-3.28E-01
-4.48E-01
-5.94E-01
-6.77E-01
-7.85E-01

-2.86E-01
-2.53E-01
-2.21E-01
-1.86E-01
-148E-01
-1.06E-01
-643E-02
-5.77E-02
-6.93E-02
-1.07E-01
-147E-01
-191E-01
-246E-01
-2.79E-01
-3.21E-01

-3.20E-01
-2.81E-01
-2.45E-01
-2.05E-01
-1.60E-01
-1.11E-01
-6.46E-02
-5.71E-02
-7.02E-02
-1.13E-01
-1.59E-01
-2.10E-01
-2.74E-01
-3.12E-01
-3.60E-01

-443E-01
-3.88E-01
-3.35E-01
-2.76E-01
-2.10E-01
-1.38E-01
-6.96E-02
-5.87E-02
-7.80E-02
-140E-01
-2.09E-01
-2.83E-01
-3.77E-01
-4.31E-01
-5.01E-01

-6.84E-01
-6.01E-01
-5.22E-01
-4.32E-01
-3.28E-01
-2.13E-01
-9.99E-02
-8.19E-02
-1.13E-01
-2.17E-01
-3.27E-01
-4.44E-01
-5.85E-01
-6.66E-01
-7.70E-01
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Fig. 6. Displacement of the post-cement interface on the midsagittal section(horizontal

force).

B1G : Normal bone with gold post
B3G : 4mm resorbed bone with gold post
BIM : Normal bone with metal post
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ABSTRACT

THREE DIMENSIONAL FINITE ELEMENT ANALYSIS
OF THE EFFECTS OF ALVEOLAR BONE LOSS
ON STRESS DISTRIBUTION IN POST-RECONSTRUCTED TEETH

Ky-Young Lee, D.D.S., [k-Tae Chang, D.D.S.

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

There're many cases that should be reconstructed with post and core when clinical crown
is destructed. But this post and core restoration may cause damaging stress on the teeth.
Previous finite element study was restricted to normal bone model relatively close to cemen-
toenamel junction. Moreover, the test of a model with diminished bone support was rare.
The purpose of this study is to test the effects of alveolar bone loss on the magnitude,
stress distribution and displacement of post reconstructed teeth. In this study, it was assu-
med that the coronal portion of upper incisor was severely destructed. After conventional
endodontic treatment, it was restored with post and core. The PFM restoration was made
on it. This crown was cemented with ZPC. Alveolar bone was classified by 4 types of
bone, such as normal, 2 mm, 4 mm, 6 mm bone, according to the bone loss. Meanwhile,
the material of post are divided into 2 types of materials, such as gold, co-cr. Force was
applied to two directions. One was fuctional maximum bite force (300 N) applied to the
spot just lingual to the incisal edge with the angle of 45 degree to the long axis of the
tooth, and the other one was horizontal force (300 N) applied to the labial surface. The
results analyzed with three dimensional finite element method were as follows : -

1. Stress was concentrated on the adjacent dentin of the post apex, one third portion
of the post apex and the labial & lingual mid-portion of the root in all case. The
stress of middle third of the root was apparently concentrated on the labial aspect.

2. The stress on adjacent dentin of the post apex and one third of the post apex increased
as alveolar bone height moved apically. This increase was dramatic beyond 4 mm
bone loss model.

3. The stress of the post apex was spreaded to the middle third of the post and greater
than gold post in the case of metal post.

4. The displacement of the neck of post was the greatest in one of the post-cement
interface and this increased as alveolar bone height moved apically. Besides the displa-
cement of the metal post is slightly lower than one of the gold post.

Key words : alveolar bone loss, three dimensional finite element analysis, stress, displace-
ment
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