CHetx| 2= & SHE| K| :vol. 45, No. 5, 2007

A% AR} 38 2NN FLEP} AT S Lo
m|2 oggkell T 33 ke AT

st

o

w9

o

i)

0

EEEE]

A A )& EZ‘]_IL]—‘EE_}'EH@'— ojzEE -

M2 RAHE -

THAE F EAE (post) 9 5o (core) 78] 3
3|7l Kool el e A R AT Y TAE
Fole] gt A A=

WE F9o vy, REgel @
A Ate7b Bol XAES} 015
T8 & A AR 6tF dellA FE5
A, A7, A5 250

A2 AHE 2efetA] &
F2EQ) F0|R FEE =
2E9 Fej, do], A7,
z—]zﬂ- ;gc _L/\Eg}_ _?_01
Z—]%v,] X}xb/g‘:oﬂ °§ &k
Mattison &' F&4 S35 &
FE2ETL Kool Ax] 2o

S EEEEEE

offt

+ A0,
m\l

rlg )
;=
% M
B o

M > o o

=
olo 1’_04
i = op
© Fo &b
N 8
HEE
T E
o >

E i
(8]
1o i
olo
4R
-
> ol
A
- o —&
o~ o
ox ™
ro rst
b

1o b
> F>~
TS
T jm
5 o%
M
st
o il
1o

mlo
=3
fr
O ¢
SEN

olo Z)E
i
fa"
i

B
ol o Py T

N
o

X,

lo

= o] ”bfﬂ ﬁi}oﬂ 01 = Ao| S Holm 9}

Plasmans %2 Z2}28 (plastic) Zofol 23t —’F—”i?
wol Fz I1E9 :'01 7} =2 9 (fracture) A1 3)
A& Bolda 91, H. Lambjerg $142 TAEQ]
AL Aol ol 5T, e A5 M A
TE Z2E Rl i} BA4o] ity 3t
grt. FeteANA A7E A R Cailleteau %

567

s - Zeka”

L ZrES) 3o FROR $¥ PRIt U
BaEA L, Davy 558 GFd L2ER £51 A
ofe] g8 BA& Ed) FAER $BE Xoje] 4
obd 20| g BB Yaman S0
ole] 28] FAE9 Fol7} A 4E Aol 2%
§8 2xol g3 3394 £ 2y A7
T F2 EIAES FojdA] 7}7\0} uo rE@ A F
(stress value)& Ho|w & 7| X2Ex 82

Rl 24 gho] FARTE 3l
2 2R 7} 7hAE Aol e FAES} 7
o tiafA = A7 o] $=Hl, Reinhardt

=y
[]
c>]71r AT E TAE o zuq o=

olg Lo m S
1
g § JZHJ o =
B
o[ﬂ
o
N
BN
i
2

J
e
ol
o
f
I=)
Pl
rlo
ol
(o]
o
>
L
(o]

=
2,
M R
rg
-4
=2
S
e
<
1o

= 8
53]
L,
o

o
i
=
2L
EY
]
)
Y
3>
il o> N
"S
it
ox
ful
1o,
DR
=
It

e
ofy
N
fo
11&
O{N
ilo -
HI
1‘2,
&
_oru
|
_n
z
<
=]
ay
5



=1 =13=;
x o

I.A7 M=
1. :!TEO Sk 24 pol M=
wataial @& ATAR EE ¢ olzlZ A
Fsiel oA AFEH @2 29E A o #
Ae B3 gold I4E 2Fsl 339 K 84
242 4P 23S PP F(Fig. 1D Ao AL
Yo TAEEZ FYshu A BHE o] R HHEES
gyt ¥2E Zole I dojdA 29
A4S Yo BoF A4 4 mme} 28 FAAE
7 Aoz AR, TAEY F7le 71EEY
F24L An2 39 1.2 mm= AT EE 2
g} AJAte FE %Jdra ARG g At

Ak .

Sh

2 4 24 2E MY B 47

o

bt

g3 ‘:“él(mode}) Z Aole] T2ES} Fo] BE

< o83 2o 3% A8l tHFig. 2, Table

D. ‘

1. 7143 BlolEHE (titanium) TAE7F A& 1 o}
27t (amalgam) F01 & AT ot

2. 713 2%l 2~~~ (stainless-steel) EAE

7} AR5 3 ozt amalgam) ZAE B4EE
Z]o}
3.2 2 2 T2E9 71 (cast gold post &
core)7t AR Aok B BE Hokol] 3t
o] 22Hgold crown) 2.2 FEHAI, ELE
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Table I Model siructures

e

Pulpless tooth w1th normal alveolar bone level restored with a tltamum post an

amalgamcore and completed with gold crown.

Pulpless tooth with normal alveolar bone level restored with a stainless steel post, an

NSs amalgam core andcompleted gold crown.

NCp Pulpless tooth with normal alveolar bone level restored with a gold alloy cast post-and
core, made of gold alloys and completed with gold crown.

RT Pulpless tooth with reduced alveolar bone level restored with a titanium post, an amal-
gam core and completed with gold crown.

RSs Pulpless tooth with reduced alveolar bone level restored with a stainless steel post, an
amalgam core and completed with gold crown.

RCp Pulpless tooth with reduced alveolar bone level restored with a gold alloy cast post-and

core, made of gold alloys and completed with gold crown.
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Fig. 1. Finite element models reconstruction using
Micro CT image.

Fig. 2. Finite element model.

(a)

(©)

(a) Normal alveolar bone level

(b) Reduced alveolar bone level

{¢) Loading condition: Crown received vertical load on the functional buecal cusp.
The force of 300 N was applied to the modeled crown.
Fig. 3. Finite element models according to the alveolar bone level.
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Table II. Mechanical properties of dental and supporting tissue used for the 3-dimensional FEA

study

Materials

Young s modulus(N/mm>)

Poisson s ratio

Cortical bone
Cancellous bone
Periodontal ligament
Dentin

15000 0.30
500 0.30

7 0.45
15000 0.31

Table III. Mechanical properties of posts, core and prosthetic materials

Materials

Young s modulus(N/mm?)

Poisson s ratio

Stainless steel post
Titanium post,
Type II gold(Cast post)
Amalgam core
Zinc phosphate cement
Gutta-percha

185050 0.27
105000 0.33
102000 0.33
53100 0.35
14000 0.35
190 0.45
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Table IV. I\/IaX|mum von Mlses stress of each mode| in normal alveolar bone Ievel

- Model NTj Model NSs ,

Whole model 204.174 204.271 204.825
Model after removing

gold crown portion 46.024 63.999 45.854

Post 42.239 63.999 41.775

Table V. Maximum von Mises stress of each model in reduced alveolar bone level

T 232.533

232.647; :

Whole model 232,455

kgﬁ?i@?ﬁ;ﬁg’;ﬁg 2.7 110.329 71.259

Post 72.97 110.329 71.259
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(a) Model NTi (b) Model NSs

Fig. 4. Contour maps of the von Mises stress in the case of normal alveolar bone model. Magnitudes of von

Mises stress are indicated with color code.
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Fig. 5. Contour maps of the von Mises stress in the normal bone model of a removing gold crown portion.
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Fig. 6. Contour maps of the von Mises stress in the post. Similar stress patterns were revealed when com-
pared with 3 different posts. However, thegreatest von Mises stress was observed at the stainless—steel post.
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Fig. 7. Contour map of the von Mises stress in the case of reduced alveolar bone model. Magnitudes of von
Mises stress are indicated with color code.
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Fig. 8. Contour maps of the von Mises stress in the reduced alveolar bone model of a removing gold crown
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Fig. 9. Contour maps of the von Mises stress in the post. Similar stress patterns were revealed when com-~
pared with 3 different posts. However, the greatest von Mises stress was observed at the stainless-steel post,

and magnitude of stresses in the post was greater 1.5 times than normal alveolar bone models.
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Fig. 11. Maximum von Mises stress reported in the
model removing gold crown portion.
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ABSTRACT

STRESS DISTRIBUTION OF PERIODONTALLY INVOLVED
TEETH RESTORED WITH VARIOUS POSTS
-THREE-DIMENSIONAL FINITE ELEMENT STUDY-

Hye-Jin Jeong, D.D.S, Jae-heung Yoo, D.D.S.,
Nam-Sik Oh, D.D.S., M.S.D., Ph.D., Han-Sung Kim*

Department of Dentistry, College of Medicine, Inka University
*Institute of Medical Engineering, Yonsei University

Statement of problem: The endodontically treated tooth is generally restored with post and
core, owing to the brittle and the loss of large amount of tooth structure. As periodontal treat-
ment was developed, there are many cases that periodontally involved teeth used in prosthetic
treatment. ,

Purpose: The purpose of this study was to analyze the stress distribution in the dentin and post
structures by the various post materials and the amount of remaining alveolar bone height.

Material and method: The 3-dimensional finite element models of mandible 1st premolars
were divided into six types according to the various amount of remaining alveoiar bone and post
type.

All types were modeled using equal length, diameter and shape of the post. Three types of post
and core materials were used: prefabricated titaniumpost and amalgam core, prefabricated stain-
less steel post and amalgam core, and cast gold post and core. 300 Newton force was applied to
functional cusp of mandible 1st premolar.

Results: The results were as follows: First, there was no apparent difference in the pattern
of stress distribution according to the alveolar bone condition concentrate on the post middle area.
Second, there was difference in pattern of stress distribution according to the core materials, gold
post and core generated same than amalgam core. Third, there was no apparent difference in the
pattern of stress distribution within the dentin according to the post and core materials. But a
cast gold post and core generated the lowest maximum stress value, a stainless steel post gen-
erated the highest maximum stress value. Fourth, in the reduced alveolar bone model, maximum
stress value is 1.5 times than that of the normal alveolar bone model.

Conclusion: Within the limitations of this study, to provide minimal stress to the root with
alveolar bone reduced, the post length may be as long as apical seal was not destroyed. To pre-
vent fracture of tooth, it is rational to use gold alloy which material was good for stress distrib-
ution for post materials.

Key words : Cast post and core, Alveolar bone support, 3-dimensional finite element study, Stress
distribution
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