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A Finite Element Analysis of Incisors with Different Material Combinations of a Post
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The purpose of this study was to investigate the effect of rigidity of post core systems on stress
distribution by the finite element stress analysis method. Three-dimensional finite element models
simulating an endodontically treated maxillary central incisor restored with a zirconia crown were
prepared. Each model contained cortical bone, trabecular bone, periodontal ligament, 4mm apical
roof canal filling, and post-and-core. A 50N static occlusal load was applied fo the palatal surface
of the crown with a 60° angle to the long axis of the tooth. And three parallel type post {(zirconia,
glass fiber and stainless steel) and two core (Paracore and Tetric ceram) materials were
evaluated, respectively. The differences in stress transfer characteristics of the models were
analyzed. von Mises stresses were chosen for presentation of resulls and maximum
displacement and hydrostatic pressure were also calculated. For the Result of the ressarch, the
model applied glass fiber to post material has lowest von Mises sfress and it is suitable for
material of post core systems.
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Fig. 1 3D modeling of incisor
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Table 1 Analysis Case

Case Core Post(Dowel) ‘Dentin
Hight(mm)
i Paracore Glass Fiber 1
2 Paracore Glass Fibert 0.5
3 Paracore Glass Fiber 0
4 Paracore Stainless Steel 1
5 Paracore Stainless Steel 0.5
6 Paracore Stainless Seel 0
7 Paracore Zirconia 1
8 Paracore Zirconia 0.5
9 Paracore Zirconia 0
10 Tetric ceram Glass Fiber 1
11 Tetric ceram Glass Fiber 0.5
12 Tetric ceram Glass Fiber 0
13 Tetric ceram Stainless Steel 1
14 Tetric ceram | Stainless Steel 0.5
15 Tetric ceram | Stainless Steel 0
16 Tetric ceram Zirconia 1
17 Tetric ceram Zirconia 0.5
18 Tetric ceram Zirconia 0
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Table 2 Material Property
. Modulus of .
Material/ . Poisson’s
C ¢ Elasticity tio
ra
omponen (GPa)
Crown 210 0.23
Dentin 18.6 0.31
Periodontal 0.0689 0.45
ligament
Cortical bone 1.37 0.3
Trabecular bone 1.37 0.3
Gingiva 0.003 0.45
Gutta-percha 0.00069 0.45
Tetric ceram core 9.4 0.28
Paracore 20 0.3
Zirconia 200 0.23
Glass fiber 45 024
post(parallel)
Glass ﬁb'er D 03
post(perpendicular}
Stainless steel post 207 0.3

Table 3 Anisotropic material Property of Glass Fiber

E(GPa) 37
E,(GPa) 9.5
E,(GPa) 9.5
Vxy 0.27
Vixz 0.34
Vg 0.27
G,,(GPa) 3.10
Gy(GPa) 3.50
G,(GPa) 3.10
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Fig. 4 Internal finite element modeling of incisors

2

33 BA=xH
th Fig. 5 o ZAZAE Jepdo 14 8

Fig. 3 Finite element modeling of incisor TEINE Aot THAE k& SN 22 F




ok

ECEELE

X M 28H 43 pp. 474481

April 2011 | 478

A e BT } 14” #32L AT o
BFY oz et ANl o|FE Zo] 60" o=
2, AdAE %9 Bge getxole FEol
a8 60" = AAAE T& 2HoR XYy
R AFE 9% W Huste dd FEAR
o}

Fig. 5 Boundary condition

4. REtRL oY A

7t 499 A A fMEARE BE Fobd
(Dentin)®] E0]o] W3ld wE ZAies Z xol&
Holx @ow 1 FAANE FolE & gt} AL
¥ SHREtE A F A9 FEE Jeigon,
EE 7S Tabled o] Hstdch

3 Fig. 6 ¥E Fig. 11 74X = 33} 7159 A
4 H2 gotde Zolst Imm 4 W ey
Asfolt}, Aopdel ol Wiyt $H XA
=3 @%g FA Fy] 2o A 7T AR
7542 xqa]a}oa\;}

8|

N

|

m&r
ﬂ-rl 0.
o H
Lo
—Ll
py M
& o
%

i
-L
H
X

I 5 7HA e
-zlﬂ g & 21‘213}. Joldo] FA3)
Hd v FE 7L FHol B
Hol] Agsle Y *wxa‘sl
| G 2828 92
Table 4 o4 218 4 91E°l Ll

)
2
> Fl”
e = i
=
=2 Py
o‘o

2
T

o O
ol
o,‘?‘,.',
nllo
=

N

3o
32

4¥ o P rff o

g W
rot

=1

%, Prassure
Avg: ‘.'596)

3, Mizes
{avg: 75%)

Fig. 6 Result of Max stress in casel on incisors {(Core :
Paracore, Post : Glass Fiber)
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Fig. 7 Result of Max stress in case4 on incisors (Core :
Paracore, Post : Stainless steel)
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Fig. 8 Result of Max stress in case7 on incisors (Core :
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Fig. 10 Result of Max stress in casel3 on incisors (Core :
Tetric Ceram, Post : Stainless steel)
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Fig. 11 Result of Max stress in casel6 on incisors (Core :
Tetric Ceram, Post : Zirconia)
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Table 4 Compare Result
Post Dentin | Maximum Pressure
Case| Core hight | von-Mises
(Dowel) (mm) (MPa) (MPa)
1 1 32.30 11.84
Glass
2 0.5 32.22 18.84
Fiber
3 0 31.67 18.84
4 1 59.46 24.99
Stainless
5 | Para 0.5 59.47 25.00
Steel
6 0 59.49 25.00
7 1 58.08 22.40
8 Zirconia | 0.5 58.10 22.40
9 0 58.12 22.41
10 1 32.52 11.93
Glass
i1 0.5 33.07 11.93
Fiber
12 0 36.96 11.96
13 1 59.12 24.85
Tetric | Stainless
14 0.5 59.24 24.89
ceram | Steel
15 0 59.03 24.81
16 1 57.75 22.27
17 Zirconia | 0.5 57.87 22.31
18 ' 0 57.66 22.23
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