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Porcelain
Enamel
. old
Dentin &
. ) Dentin

NAT . PFG

Y v .
1
. A Porcelain
Porcelain Porcelain
. Enamel
Gold Dentin
Dentin
Dentin
- , >X |
COLLARLESS . PJC o PLV

Fig. 1. Cross—sectional view of anterior esthetic restoration and abutment with

various design.

© Table 1. Elastic constants of materials

‘ Young’s Poisson’ s
Materials modulus o
- ,(@ﬂd) ratio
Porcelain 702780 . 028
Au—Pd alloy 912900 033
Enamel 857551 0.30
Dentin 189720 | 031
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829 9} ¥¥= Table 29+ 2t}

AZE BPL ARF] 24F U5, oF
of o3 mPuol TAE S Mg A7
H3 =y o] AT FHES X F¥H Y
gog wR IAANAY. EE 2y RaE 3
& 1kgfol™, (D Z¥HE 7MIstd dddd
469 BAE (P, (2) A3 $3L 7H3e

THY FHY(PY, 28I (3) FHIZA 4 - 3
2okl HEH o 2629] BAME (Py)S HEA AT
“®(Fig. 2).

4719] 27& SUPERSAP program version 89
(Algor Inc. U.S.A)] Y321, personal com-
puterE ©]-§3ld FH X} Z} AFP WIS
A3 o

Table 2. Number and distribution of elements

Types of design

‘ NAT PFG  COLLARLESS PJC PLV
Material
Groups
Porcelain 28 34 72 14
Enamel 52A 38
Gold 44 26 v
Dentin 118 98 105 108 118
Total element 170 170 165 180 170
Total node 210 208 204 217 210

NAT : natural tooth, PFG : porcelain fused to gold crown
COLLARLESS : collarless porcelain fused to gold crown,
PJC © porcelain jacket crown, PLV ! porcelain laminate veneer

Fig. 2.

Finite element mesh layout and loads applied.
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m, 37 Azt
1.8 o
S11 82 X W e 389, S22 %

g2 Y B ¥ 4383, maximum principal
stresst H 53-8, 123 von Mises stress= X,
Y HEoRd £4YL §A4 g Yol

D 2249 5% AAE (Load PYE 743 AS
(Table 3 :

S 11 $8oxe AAA Y ¥iE] FE-E(0.83~0.
85kg/mt) oA §Fo] LT FEIPR U A%
$8E AAx o vlste] =53] (0.32~0.40kg/m?)
oA A veEtsth S 22 YN =APFH
(155kg/m? o] &g LE X E ez I
914 88& porcelain jacketT(1.87kg/mn?) ) AR

O

=34 (203kg/m?) 3 collarless =AAFH(2.
03kg/m?)o] FAF SHEEE JEi HdiF
3838 porcelain jacket¥(1.89kg/mn?) 2] AW
R BF = e} Aobdol A et von Mises §
8.2 Jd) Q1423 9] porcelain jacket T (2.60kg/mm?)
7} collarless =4 A7 ¥ (1.83kg/mm?) 2] A X) 72
A Zopdo A e

2) €¥d $3%(Load PY& 718 7-$(Table
4

S 11 €97 S 22 $HANE AFARY £
EdA 299 28 EIXE JERI Hog AR
S$EE X9 v& @itk FEFHANE =4
A3 2 (2.42kg/mn?) 3} porcelain laminate veneer(245
kg/m?)7} ¢ E BEXE Y g &
43 collarless =) A FH(250kg/m?) 3 por-

A A7 =4 ot oA eyt

FI3HANe

Table 3. Maximum stresses under the load P, (kg/mm?)

celain jacket¥(2.20kg/m?» o] &£B AR =A%

NAT PFG COLLARLESS PJC PLV
S 11
TEN. 054 034(63%)  032( 59%) 040( 74%)  038( 70%)
COM. 049  050(102%)  051(104%)  040( 71%)  046( 94%)
Max—Min 103 084( 82%)  083( 81%)  085( 83%)  084( 82%)
S 22 '
TEN. 182 1550 85%)  152( 84%)  187(103%)  184(101%)
COM. 209  230(110%) 243(116% ) 307(147%) 207( 99%)
Max—Min 391 3.85( 98%) 395(101% ) 4.94(126% ) 391(100% )
MAX PRIN
TEN. 186  159( 85%) 155( 83%) 1.89(102% ) 1.88(101%)
COM. 040  044(110%) 048(120%) 0.31( 78%)  040(100%)
Max—Min 226 203( 90%) 2.03( 90%) 2200 97%) 2.28(100% )
VON MISES

164 176(107%)  183(112%)  260(159%)  1.62( 99%)

S 1135 11 stress, S 223 S 22 stress, MAXPRIN ;s MAMIMUM PRINCIPAL
STRESS, VON MISES ; VON MISES STRESS, TEN : tension, COM : compression,

MAX~MIN : Maximum ~ Minimum

c

. relative ratio to natural tooth.
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Table 4. Maximum stresses under the load P, (kg/mm®)

NAT PFG COLLARLESS PIC PLV
S 11
TEN. 058 046( 79%)  052( 90%)  049( 84%)  045( 78%)
COM. 047 034( 72%)  038( 81%)  038( 81%)  044( 94%)
Max—Min 102 080( 78%)  090( 88%)  087( 85%) 0.89( 87%)
S 22
TEN. 262 207C79%)  247( 94%)  222( 85%)  2.01( 77%)
COM. 212 152( 72%)  178( 84%)  170( 80%)  2.12(100%)
Max—Min 474 359( 76%)  425( 90%)  392( 83%)  4.13( 87%)
MAXPRIN
TEN. 209 213(102%)  250(120%)  229(110%)  2.07( 99%)
COM. 039 029( 74%)  034( 87%)  033( 85%)  038( 97%)
Max—Min 248 242( 98%)  284(115%)  2.62(106%) 245( 99%)
VON MISES
161 158( 98%)  1.83(114%)  170(106%)  1.61(100%)
Table 5. Maximum stresses under the load P; (kg/mm?)
NAT PFG COLLARLESS PJC PLV
S 11
TEN. 025 015( 60%) 0.74(296 % ) 0.29(116% ) 0.10( 40%)
COM. 017 017(100%)  019(112%)  0.17(100%)  0.17(100%)
Max—Min 042 032( 76%)  093(221%)  046(110%)  027( 64%)
S 22
TEN. 031 032(103%)  0.29( 94%) 0.30( 97%) 029( 94%)
CcoM. 075 0.76(101%) 0.87(116%) 1.22(163% ) 0.74C 99%)
Max—Min 106 108(102%)  116(109%)  152(143%)  1.03( 97%)
MAX.PRIN
TEN. 034 033(97%)  033(97%)  038(112%)  032( 94%)
COM. 0.14 0.14(100%) 0.17(121%) 0.14(100%) 0.14(100% )
Max—Min 048 047( 98%) 05 (104%)  052(108%)  046( 96%)
VON MISES '
059 059(100%)  065(110%)  107(181%)  058( 98%)
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ol A Jebstth von Mises 82 - ¢

248 o] collarless =437 #(1.83kg/m?) 2} por-
celain jacket@(1.70kg/mm?) o] <A X7H¥ =A<}
ol el A VebstT

3) 4 - 3 Aot HEH 2629 HAHE (Load
PY& 78 73$¢-(Table 5) :

S 11 & Zol A& porcelain laminate veneer(0.27
kg/mn?) &} =AW G(032kg/mn?) 0] SH TLE
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Ay dFeEe =A4FFB(032kg/m?) e} &
54 3 99 =44 JdeEEth FHdAMe
porcelain laminate veneer(0.46kg/m?) 9} =) A&
(047kg/mm? o] S-¥e] LE FEE Vel A
4882 porcelain jacket#(0.38kg/mn?) ] &
9 13 99 =A JeEbso. von Mises &
A F Ao porcelain jacketT(1.07
kg/mn?) ¢} collarless &= A 47 (0.65kg/mn? 2] &H
A BH =Ae} ApopHd el

2, B
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l°‘;1<z

£3& o] 71 "ol vEiue
d-% A

2,
2

oF

8:3
L

3
Table
Aol 455 HAEE HEES

5E (94~97%)°11*1 Z}@'zlit} e W

-l>rx1:~ruz4.

E%

gste) SFsem 1 AFe

A7t Ve

2) €3 $98& 71§ 3¢

collarless = A4 (107% )3 porcelain jacket®
(101%)9 A AAX R}t & "7 el

3) 4 - 3l Xolo HEHo) 2659 AAH L 718
B

porcelain jacket#(108% )l A AR} & A
A7 ekt

V. £Z % 1ok

A FEEL olF AAZE AgHA, A2,
Azxzd AEF FAE de J3og APy
9lgo] A=A %3 FF53A $go] EAHEE
dAst o goh. A XF Pl gL 4
“] EEo| AHEHI gloy ol5o] Aux 9 &

Eo o]dH oz 3L EAANINETY] i)
Eﬂf‘fl AT ofF wu|g dAojt,

Z¥ X FolollA 53 2 ¥ #F 4
B3 EAYPOE strain gauged, 23+ FE3H,
339 FEAY, holographyd 2 8 T8H 5&
o] &3 9A3tA ‘&—?7} guts] S3Pgo] gory,
FANG FAE 2L ARSI} ojEg B

ohie 2E9 @A ASE aN9 235 A

77 o F e, a8y fEese 239

Peo} =7, 74 BAY B8y 440 @&
Pmssona"% AET YR AA o2 3 EAE HEAT
F A2,

CfEeae oE nde B o) v£H

Table 6. Displacement of the restorations(mm)

NAT - PFG COLLARLESS - PIC PLV
Load P L .
—1279 —1232(96%) —1229( 96%) —1207( 94%) — 1246(_97% )
Load P: ‘
+1126 +1023(91%) +1201(107%) +1132(101%) +1.122(97%)
Load P;

—2510 —2302(92%)

—2443( 97%) —2.717(108%)

—2.453(98%)

(— ; labial displacement)
(+  lingual displacement)
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PORCELAIN JACKET CROWN; S 11 STRESS (LOAD P,

PORCELAIN JACKET CROWN ; S 22 STRESS (LOAD P,

PORCELAIN JACKET CROWN ; MAXIMUM PRINCIPAL STRESS (LOAD P»
PORCELAIN JACKET CROWN ; von Mises STRESS (LOAD P,

PORCELAIN LAMINATE VENEER ;S 11 STRESS (LOAD P)

PORCELAIN LAMINATE VENEER: S 22 STRESS (LOAD P>
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PORCELAIN LAMINATE VENEER ; MAXIMUM PRINCIPAL STRESS (LOAD P,
PORCELAIN LAMINATE VENEER ; von Mises STRESS (LOAD P,

NATURAL TOOTH ; S 11 STRESS (LOAD Py

NATURAL TOOTH ; S 22 STRESS (LOAD P»

NATURAL TOOTH ; MAXIMUM PRINCIPAL STRESS (LOAD P»)

NATURAL TOOTH ; von Mises STRESS (LOAD Py

PORCELAIN FUSED TO GOLD CROWN ; S 11 STRESS (LOAD Py
PORCELAIN FUSED TO GOLD CROWN:S 22 STRESS (LOAD Py
PORCELAIN FUSED TO GOLD CROWN ; MAXIMUM PRINCIPAL STRESS (LOAD Py
PORCELAIN FUSED TO GOLD CROWN ; von Mises STRESS (LOAD Py
COLLARLESS PFG; S 11 STRESS (LOAD P»)

50. COLLARLESS PFG; S 22 STRESS (LOAD Py

COLLARLESS PFG ; MAXIMUM PRINCIPAL STRESS (LOAD Py

COLLARLESS PFG ;5 von Mises STRESS (LOAD Py

. PORCELAIN JACKET CROWN ;S 11 STRESS (LOAD Py

PORCELAIN JACKET CROWN ;S 22 STRESS (LOAD Py

PORCELAIN JACKET CROWN ; MAXIMUM PRINCIPAL STRESS (LOAD P»)
PORCELAIN JACKET CROWN ; von Mises STRESS (LOAD Py

PORCELAIN LAMINATE VENEER ;S 11 STRESS (LOAD P)

58. PORCELAIN LAMINATE VENEER:S 22 STRESS (LOAD Py

59. PORCELAIN LAMINATE VENEER ; MAXIMUM PRINCIPAL STRESS (LOAD P,
60. PORCELAIN LAMINATE VENEER : von Mises STRESS (LOAD Py

BERBHEBRAESB

IEFFrBERE

DISPLACEMENT

. NATURAL TOOTH (LOAD P)

PORCELAIN FUSED GOLD CROWN (LOAD P)
COLLARLESS PFG (LOAD P

PORCELAIN JACKET CROWN (LOAD P)
PORCELAIN LAMINATE VENEER (LOAD P)
NATURAL TOOTH (LOAD P,

PORCELAIN FUSED GOLD CROWN (LOAD Py
COLLARLESS PFG (LOAD P,

PORCELAIN JACKET CROWN (LOAD P,

. PORCELAIN LAMINATE VENEER (LOAD P,
NATURAL TOOTH (LOAD Py

. PORCELAIN FUSED GOLD CROWN (LOAD Py
COLLARLESS PFG (LOAD Py

PORCELAIN JACKET CROWN (LOAD Py
PORCELAIN LAMINATE VENEER (LOAD Py
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— Abstract—

STRESS ANALYSIS OF VARIOUS ESTHETIC RESTORATIONS
BY FINITE ELEMENT METHOD

JinrHee Jo, D.D.S., Mong-Sook Vang, D.D.S. Ph.D.

Department of Prosthodontics, College of Dentistry, Chonnam National University

The purpose of this study was to analyze the stresses and displacements of various esthetic restorations
and abutment teeth.
The finite element models of central incisor were divided into four groups according to the types of restoration.
Three load cases were applied 5 1) 45 degrees on the incisal edge, 2) horizontal force on the labial surface,
and 3) 26 degrees diagonally on the lingual surface.
Material property, geometry, and load oonditions of each model were inputed to the two dimensional finite
element program and stresses and displacements were analyzed.
Results were as follows 3
1 In the cases of porcelain fused gold crown and porcelain laminate venner, stresses were equally distributed
in supporting abutment tooth.
2. The metal coping of porcelain fused gold crown and collarless porcelain fused gold crown functioned as
a good stress distributor.
3. When the horizontal load applied, the highest tensile and compressive stresses were seen in the cervical
margin of restoration and the dentin of the abutment tooth.
4. The highest displacement of restoration was seen when load was applied at an angle of 26 degrees diagonally
in lingual surface of tooth in centric occlusion.
5. The influence of loading direction on the stresses and displacements in the restoration was greater than
that of various design
6. The possibility of fracture was highest in porcelain jacket crown.
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