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Fig. 1. Cavity dimensions of models ; occlusal isthmus width, proximal box wi-

dth, occlusal mesiodistal width and cavity depth
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Fig. 2. Occlusal surface of Mx. 1st premolar and
approximate locations of planes for serial
sectioning. Section 9 is central part among
serial section. (B, Buccal; D, Distal; L, Li-
ngual; M, Mesial)
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Table 1. The number of nodes and elements in

each models
Instl
Model ns.lmus Node Element
width
0 0 2515 2172
GOLD 2224 1810
I 1/4 -
EMPTY 2515 2172
GOLD 2110 1690
I 1/3
EMPTY 2515 2172
GOLD 1842 1424
m 1/2
EMPTY 2515 2172

Table 2. Elastic modulus and Poissons’s ratio
of Enamel, Dentin and Gold

Elastic Modulus| . , .
Poissons’s ratio
(mN/mm?)
Enamel 84.1X 10° 0.31
Dentin 18.3%X10° 0.30
Gold 99.3X 10° 0.49

Widmalm $®& &725899 Ho 2t
& 47.5kge]gkal B st on, ©o]F Newton
22 F4HEH 466N thH(1kg=9.81 N). u}
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3 YA Bulste slsta o]E #uj
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A3ty 71T nTe nFFL F4oz 99
Aol 500N9] 3FE EFXAZ HS ol &
¥alzFolgt FeArt.
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%(Fig.3: I —4)& ¥93d.
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Fig. 3. Classification of occlusal load types (Occlusal isthmus width—1/4)
I —1. Concentrated load I —2. Divided load I —3. Divided load of empty
cavity I —4. Distributed load I —5. Distributed load of empty cavity
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1. LSSHEA| 2t =@ v Y SHHEE

A. ZEF—ZAX o} Model 0

n¥A FHed 500 N9 IAFsEL 715
AL 3tFo] AE3e 9 FHY L &
APE-S ule} 2.8E5 mN/mm?*e] ol U3
o] HAFYL, AT 35 ] FE3e HHE
FHoz AnAo g ¢FHo| 0.0187 mm
W E veld o (Photo. 3, 3, Table 3).

B. 48523 —Model I, II, II

IF5HE F YR FEIY ZE A4F
2y Ae FEEY FHA AF }FA &
Ho EXE= tx 2¥F A v|s3 FHE



Hola, Hd) WYFS Model 19 7% 0.
0164 mm, Model II 9] 7 0.0163 mm, Mo-
del &) 7<% 0.0158 mmZ 9}5°] AZATH
oFzt #Aaste AL EQH(Photo. 4, 5,
6, Table 3).

2t AYrgel SIS Model I9
79 2.60E5 mN/mm?, Model II 9] 73-¢ 2.69
E5 mN/mm’E Model 09} ¥]ZA] ALl FA}
3o Model ] 7394 3.84E5 mN/
mm’E ez & $HFIS YEHL
3] ¢&eEEY AFEHo] e H4EEY
2o 4 =24 JeElg i (Photo. 4, 5, 6, Ta-
ble 3).

Z APRFAA FHE FHo-Hgto] HF
A 3¢ +83(10.3 MPa) & A3},
W] 31 FHo Fe 99 AT o
BB B 3E&-&Hgk olstz el
o}
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A. HZEH—AAX0} ! Model 0

FE ILFY FHAR pujsiEe P
A% 3ot S oNA 3.01E5 mN/ mm?<]
Ay 9A3¢HE JAFL BHYon, HgFTS
A533 A9 $ASE T Hoh 9 BL 0.0147
mmE UebAth(Photo. 7, 7', Table 3).

F R FEF RE 4Y
3¢ ¥S AT [ APAC B
71 B¢ SHEEE R ¥ Ao
H3 JHE EAT, JA$HHFLS Model
I 9] 73 3.57E5 mN/mm? Model I1¢] Z-<¢
4.4E5 mN/mm? Model M9 7<% 3.32E5
mN/mm’Z e (Photo. 8, 9, 10, Table
3.

53] 1/2 959 B¢ 2ustEA S u T
AESAHE ] Aol 8 PR HT 7
Z+-8-313L 9180 &= AH Photo. 10, 107).

o] uf Zt APE YA ) ¥ ZFe Mo-
del 19 7% 0.0146 mm, Model 119 ZH$
0.0139 mm, Model ¢ 7% 0.0174 mmE
1728459 3% 714 & W9 E 2 (Photo.
8, 9, 10, Table 3).

v, g8 F5E0] gle Wl dFdAE
ST FHAPHO BujEEg e Ae
BHARLF7L FFo 8 oAl BFFE Holy
o] wf o 21-3-3Hgk-2 Model I 9] H$1.28
E5 mN/mm? Model 119 -9 1.28E5 mN
/mm’, Model 11¢] 7% 2.16E5 mN/mm*E
1/4 53 1/3 5= 2o)7F AY gl
1/2 94554 Model I, II Bt} AAS B2
F AAH(Photo. 11, 12, 13, Table 3).

Table 3. Maximum tensile stress(mN/mm?® and maximun displacement(mm)

related to occlusal load types

1 2 3 1 5
No carity D| 00187 | 00147 | — | 00309 | ~—
S| 2885 | 30185 | — | o71B5 | -
4 cavity D| 00164 | 00146 | 00266 | 00212 | 0.02239
S| 260E5 | 357E5 | 128E5 | 0.73E5 | 032E5
. D| 00163 | 00139 | 00309 | 00295 | 0.0222
% cavity S| 269E5 | 44E5 | 128E5 | 0.76E5 | 0.30E5
s cavity D| 00158 | 00174 | 00537 | 00250 | 0.02213
S| 384E5 | 332E5 | 2.16E5 | 0.71E5 | 0.28E5

1. Concentrated load 2. Divided load 3. Divided load of empty cavity
4. Distributed load 5. Distributed load of empty cavity

D : Maximun displacement(mm)

S ! Maxiumum tensile stress(mN/mm?)
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E3] 1l 9459 A9 A AARYoN X4
Ho P& 2 HZ MGR YA & 97
BEYXE BYo.

3 HoH A F-S Model I 2 3% 0.0266
mm, Model 119 7% 0.0309 mm, Model
mel 29 0.0537 mmE 959 FHZHo)
ARAFE IA JERH(ARRE= 11, 12,
13, Table 3).

ai
=~

3. EE5FEA| 2t Model2| B9
z

A, OIZFR3 -2 H X0} : Model 0

71% AFA BXE 3F& 73 B$ Ao}
FAES 2 ¥E XABE 244 Hd &Y
&S 0.71E5 mN/mm?E FL % $8o|
s, dkFol 7R NP3 A& A3 F-
EdlHe && Sl versth(Photo. 14,
Table 3).

W9l e AAAHOZ &Fo] FEA=
Eold EHen, AAHoz HF5HY
7F #ZHJS o] o Hul WHFL 0.0309
mmZ et (Photo. 14’, Table 3).

B. 48X3—Model I, II, I

oFo] 5 R FEE B¢ 71 R FH
X35 A8A SHEXE A AR A
2RI FAR FFE BET HUSEige
Model I¢ 7% 0.73E5 mN/mm? Model
I19] 7% 0.76E5 mN/mm? Model 2] 3¢
0.20E5 mN/mm*E ¢}5¢] FAZ7o] AR
2 $YPF] ARE IS EQH Photo.
15, 16, 17, Table 3).

WYe FAe WEREIH FASHA A A
FEFPAA g0l 7R A F&H
uon, ANFoz A&/t AFEUL o]
o HiH ¢ e Model I ¢ < 0.0212 mm,
Model 112} 7<% 0.0295 mm, Model I}
7<% 0.0205 mmE Model oA 714 & W
& 2 H(Photo. 15, 16’, 17, Table 3).
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oA BFEALH, 53] Xy A&
Az} B99} XoljRe ¥& X5 299
M EFFHY IFeEHY e HYo
(Photo. 18,19’,207).

HALHGS Model I9 7A$ 0.32E5
mN/mm?, Model II 2] 3% 0.30E5 mN/mm?,
Model 9] 3% 0.28E5 mN/mm*E £}%0]
AAdFE FJoXe F%S I H(Photo. 18,
19, 20, Table 3).

Hl 845 ellA g ARG 31Fo] ZHsiAl=
AZ 3T EHoA gFHNoH, AAFHen
4% A9 E Y Hd E9FS Model
I9 7<% 0.0239 mm, Model 119 2% 0.
0222 mm, Model 119 7% 0.0213 mmo &
oFe YHEZHo] AZAFE gt FaHE
7388 2R3 (Photo. 18, 19’, 20°, Table 3).

Zr 2l A s15< Fe o g2 A g
2 Ho) W] ¥lIE Fig 4, 59 Zh

9] a2 Zq A 3159 FEE Ho S}
X 3FAl9 vl3) k5ol AT AAH 7+
A FF F5AY By dFAl ZA v
gyon, o HeFe IF AU &)
3tFAle Hl&] £X dFolu ¥l 9tFA ¢S
3A YepgH(Fig. 4).
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Ueilon £3] ¢4Es8EgE 13-
4R, 1/4 &%, 1/3 9520 EQ 2H
L% BFY + AJAHFig. 9.

T3 Z 2PN AF 3FA Hd 97 5
grol @A 34 $8& 2A YL IFH
Fe B 99L& AT diFEe 299
A 38 $8g o3tz Y.
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aN/on’

4.50E+05 T

4.00E+05 T Model 0 : No cavity

3.50E+05 T Model I : 1y cavity

3.00E +05 ¢ % Case 1 | Model II : 15 cavity
! —0— Case 2 | Model 1II : 1, cavity

2.50E+05 1 .

——— case 3 | Case 1: Concentrated load
2.008+05 T — o case 4 | Case 2 Divided load
1.50E+05 + ——+— Case 5 | Case 3 Divided load of
1.00E+05 § empty cavity

—o Case 4 : Distributed load
5.00E+04 + e
* . Case 5 : Distributed load of
0.00E +00 * —+ * t empty cavity
0 1 (] ] Model
Fig. 4. Maximum tensile stress(mN/mm?®) related to occlusal load types
=
0.08 [ Model 0 : No cavity
o Model I : 1 cavity
.05 +
Model I ! 15 cavity
0.04 4 —*— Case 1 Model HI ! 1, cavity
O Case 2 Case 1: Concentrated load
0.03 1 Case 3 Case 2 : Divided load
00z L Case 4 Case 3 : Divided load of
e —s Coee® empty cavity
0.01 | Case 4 ' Distributed load
Case 5 : Distributed load of
0 . + + .
o ' i n Model empty cavity

Fig. 5. Maximum displacement{mm) related to occlusal load types

€4 ©E F4AH(Photo. 13, 13).
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Fo] PAHAAHY EujslEo] shajal A
AFEL 35 Holrt ARAFLE FFo=
Aozt W g TS B Fde
B PG (Fig. 5.

VAT EXE3}FE FA 2y
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(Fig. 5).

oo AA}E FU3 E W WA= ¥ 9
oA Bl eSS W P =ZA G
Eigon QA S8 FUHE 5% A
Ay 2o 35 H8A M} & YIS
vebd vk, HeFEe Autdgoz olFl] 4
BEZo] AYAYLE Ftole BE sExddd

2 H7 8l 5] AoArg A
elytch(Fig. 4, 5).
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2L HAd 383 2 HFe] g5y FHo]
71848 AXe 3%E JetdH(Fig 4, 5)

e ANEQ A 2 Ao AN
ZAGE RAo2A B RepEz S 1
w3t Xote] B 7Me S A5E T Ue
By 31% BoA oF JARe J4& 4G
-‘?—%’40111‘191 Ay FLY& ZASII o8 FE

goz WY SHFRS Table 4 2t

E AfdAx Xeo} #E9] rIede dF%
6}7] st 9 71ARY PAF A4 74
SHZE ALG v Bl &5 FHAl 5949

o] FE31A] ¥ ¥l dFAE FAESF EF
X427 BjolA] Foldel AR A=RT o
g 835 S B PY4EF uF9 o 9
g vbd, FgolE FEF BE gFdAe
v AL $EHIAFS HolH mpEd u
A% ¢tAF AeZ YElsti(Table 4, Fig.
6).

E3 Fldolsh XorAFe] HH
g Hr1sl7] 93l g 2 wE
P FAdelet o} H ‘&Ur%:—
AAAAY $EE vnsPed 2 dHe

ox
[

.o
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213}

’I..

o] H

Table 59 2},

W] I

35S 71 o A@EE

W3] BAEAA AHES
o 8% S0 A4 EW T FF 9o

Fe 4T+ Qe

TEET}

A =rg

Aol HFA F

2o &3] A& <= Superbond H&AA Y H3}

=271 40,000 mN/mm*¢] ¥,

2 43x

oA 2R HF BAFA 9F $Hol

X IFAE

ASg UmA gz A o

gEche diy-E A SAENL 1729504
THIEESAl 2313 &9 &S e

HSEA AR F
YW Y4Z Aol it

FolXe

ddol7t 58 =

49}

Hoo AFSEHol AFHE AFTE HAIL 1/2
SEdME FFATY 4F APHAAM e
otEel AR Rujstse dF g A
A8gol & ¥R ZA FE3}a AN

2 499 A%

2YRAN 2

Adzlolgt A

ole] ojwie] whie HAHAM9 SHEAS 2
#Z2 YePE Fig 739 2o

Table 4. Maximum tensile stress(mN/mm? and Von—Moses stress at the

facio-pulpal (F) and linguo—pulpal(L) line angle

Max. tensile Stress Von-Mises Stress
Empty Gold Empty Gold
. F 100273 5054 73208 13146
1y, Cavity
L 80947 5031 72939 19889
. F 73769 11196 51545 8125
14 Cavity
L 71048 14074 52365 11102
. F 74357 6185 66808 9393
% Cavity
L 74990 3670 61835 10466

Table 5. Maximum principle stress(mN/mm? at the node point that gold

inlay contact with occlusal surface

Concentrated load Divided load Distributed load
F L F L F L
Y Cavity 111083 95089 42968 | 357065 13134 21439
4 Cavity 45989 42474 59064 | 133848 8672 35166
% Cavity 3390 56251 74892 | 121856 784 24997

392



oN/mm?

120000 -+
[

: Empty cavity
[J * Restored cavity
Model 0 : No cavity
Model I @14 cavity
Model II : 14 cavity
Model 1II © 15 cavity
F : Facio-pulpal
angle

100000 + F7
80000 1 |
60000
40000

20000 L : Linguo-pulpal

line angle

-F I-L -F -L -F Hi-L Model

Fig. 6. Maximum tensile stress(mN/mm?) at the facio-pulpal and linguo-pulpal
line angle

oN/mm?

400000 T

350000 O : % cavity
300000 + . ¥ cavity
250000 + % cavity
200000 T Load types

1: Concentrated load
2 ! Divided load

4  Distributed load
F : Facial side

L : Lingual side

150000 -+
100000 T
50000 +

0 4
-50000 +

-100000 +

-150000 ~

Fig. 7. Maximum prinple stress(mN/mm?) at the node point that gold inlay
contact with occlusal surface

Ly

N.&Z Y 3ol W3HE HAK oL b AE Kok $49) H)7}

Hold F3H nEd 9% ¥4l ojdxn

o] AEHAA APty OJEE G.V. IF ¥99 ZEAN} $UH AT 298
Blacko] WEE ]2 o]z} @ lBL AnAgY  TBIL she BT BF PyHPnere,
g P opE e 940s Usk we BT FRE ABSe AE ohud ¥

393



Hoe AETgHow FHol BE
FEES A1gPslEY ol2d T

A AF FEe AHsoF T AU

8l
B
2

—

Ql
TEE
s g &
23L& dged oA oei7tA] 7lEe] &
TFHI o]gdt 7|E FAAE Xold dF ¥
AA 2P isthmuse A Z3L uF 7
o & 9% vAga gL AFoA Bu
5]:11 9)‘]:],9-7.15).

AT B7 ] 7 it 7)1EE Rl wek
g, Vale® ¥F wTAHT A 1/3
olgold T HEFo] R FEUT AL Stur-
devant?= ¥& AFAHE ATl 1/2 o]3elH
AT IPRE 3L 2/3 o]FolH HEEA]
AFE IS orgitia Histyot.

a8y, 99 BE AF7) obEzt 9ol A
o] Foj R v}, & AFoAe XA &4l B2
AE JFE 2 7eg IAEINE F An
A4E Xote 3E E FAoXe] AR 2
AFg-o] Zhedtde AAEE Ad Fdde] ¢
TOE UPAA £ 7R 2d4 A 45
AR o2 ZFPF isthmusd] TH F73¢
tde2A 3ty o8 xde FF FAA Y AE

2 sEgyel W9 2 3 RES o
g Ba Hd A4 8§ wF 2P NEe

olnz B A¥e mtsIATH

o} B A3 B & AFME &F
FEE B o5 AAX FAET o
AeiZkA $REL FEY ¥ OI 2719
metal ball& o]&3ta Xotd] APsFE 7t
st shdo] Yol Rojs} suws] sy,
sde] @ 58 AR oY ol AA A
olg AE357] ol AHLZ ALEE X o}
ar)sk o], 23e] Asiatd 747 grjats
ato] So] BiAT - gl HF2 ZL-hrpes
38)
ol TEL R3] Y3 239 FI;8
Aol s o] XFg Qe Ao A LEH
W Aot ¥ AXzAe) Aoty Weg B4
—5—]_;5_‘-4] }\}%Q:‘-,_ls‘wag.m.u.m 9&19_1‘}" gqe_ Fisher
5%, Rubin §9°] 331 9] 53¢ 4A 7€
Ze XolE 2x14le HHo g RPYPT= AL
AFHEA ojgje] FH FRE| viAHERE O

394

A3t =50 vehd & e AF4E
PG st 33 EAAAEe] oAs 7
Z3F ol 34 FrELUE o8 ATt
Sl Me 59, & F7] A= Goel
_%-:_30.44)’ Khera %_15.45)’ Rubin 1:6:_43)011 943]} X
g bk gl

ojdel EARES /st xtE 334
FHLTHES AA S 7P AR 239
23e AQE & J3 ¥y Ty 232
Af2o] M 4 oH olg] ¥4 Ais
W] e F Y3 Ao EE PN ol
UF S8 AFE AN 3oz BEHS T
ZE9 $8 £X YHE Eo 4AFo| A
24l Ag2 vEd £ d' BHl Ao
S8 Zof B ofet dAxS} {4 dd,
AA 9 Foll N FHEH B840 FuHn
At

a5 AFdMe AA eltdA ZAF
FEEZY A A45E AT F olE A
EojAA QFE FAZ Anls] JHEA o
9 AP o]g3te] 33 fEtes RdS
BEAoY, B ddAe AMAY A A
otuitt 7|8k FE7 23 &xvig 9%
FAAS 247 22  de S AU
3to] Wheelero] o} Jej 23} A7}
7 AR ® Aokg A9E 9E, 4Fe
B8R Y3 Joynt® 7} AN 2F] FA3
Wl 2A3%t ool e B4-E 1B Eo
AU o]FA S9E AA 2N o
THEY 8458 AANE d3e d5e
7t Modelol € F JESF 1A3RH(Fig.
D.

W
7

1

T

ES B AYoME
A3 A% A

7z 9He
Wl A Lo
©e g9 AFelA e} FHe] F YEh
g dZo] &old FHYHI YAHA 4}
Agte PHE ol &2y & AFdMe &4
F A9 W7t 4 EH 0|22 Khera $°
o] T4 AYPA ZUN FHENAM AFAHA
gAHE gFAqA FHE] X& WIS

334 2dg A7}
ol SEEFGHE o] &3P 9
FHE, U949, 4499 3
4 & 9l=d A 5%, Khera 5



gale] 40—50% 9Jsio s BPETE 33
1A A A4 Bojdte S W
o] xyBHU F e #F vjnr} §o
St=E FHH HYPsA Al S
o] &3t % H(Fig. 2).

zt md o] ¥ 7FE 352 gl
w2} 100N A 1300N7}+A] ©FFgHd] Widmalm
UL AT B9oA HT Aol gL 47.
5kgs YEPITI BI3FY L, Gibbs 59
Aot AstA] HulngE el 40 %S JeERd
ol 3t9e™ Goel 5% Khera %2 A
Zre-e Ho ey 1/3018kaLste 17 kg(170
N A AR FLsHA EXHA 23
574

E AP A= Jose dos Santos” 9} Yettram
TP BiE F3E st 35 =4
Ao 7}7le 500NLE A3l d& &
AFA isthmuse] FAZFZHo] 1/401m FUs
o2 F£EE ¢ 39 AL uFAPHY F
Aetel FAHALY FEHE LA FH LA
AotRAEo HYPsA HIFoE JlE olE
AFeE(Fig.3: [-)olgr B3I, =
T FALFA S LFAPATY HEN A
S &0 4EE 7H83ke o] 500N 3
TE 5 159 g4 ArE Eu8te hstaL
o] & ¥uj 315 (Fig.3: [—2)°l2t B3I,
ol HFL& FALFH Ze A 4H Boe
714 79 A 98] dojdt= Burke®
o] Aol wat FA e e AFHA] 7]
TLFY FH FHE ALY HES L
3ty 7% AFY AFHE FTHLE 49
At 84dl sFEE 9709 H3H 500N9
35g 713t ol EX 3¥(Fig.3:1-4)
olg} B aAH(Fig. 3).

olae] o7kA| 1F 2L FEHA F&
£-2] xolg 71t ¥l 454 FEHdx F
AsA Bl 35(Fig.3:1-3) ¥ X 35
(Fig.3: [-5)& H3tdq A ot 2d3}
v wste] §8 £X L i S Aol AR
o7t 35 x| uiEt ZAEEeH |,
¥ oFAlelE FA97E g0 #AE T
A% 5L AR (Fig. 3).

395

<83 M9 4L MSCAFY] NASTRANS
o] &3l APt o, Mo Hag 7 A
A9 g4 Alg 2 Fol$H])E Craig® 9t Morin
S0l 3] FElE S U833 Xty 9
13 AEgS #E) 98 Ho =2
Ao o] 32 I-DEASCIA glo] X
olAA Q) $HEXE contour ploteE #HF3}
@[, ¥a7}t 7FE3lES arrow plotE YERY
pei=

Fig. 4, 594 3}5¢] Fepd o FF@;
BX3tFAe v stFo] AT FAHY 7}
AR JF SAG B 354l A Y
b= o] A= 500N 8hEo] BX 3=
AlolE 971e] A Batgo] 7 AA 4
Ho g XA JA 43 Ao g AlgH,
o AYZFE JF sSAU 2ol sEAl
Hlg] B3 stFoly HlgkEA B A vet
BEY ol BESFA sHFo] Xol A& gk
Hoe 75 aFFeE XX FLdd A
A AS "7 A Jepd Aoz A
o

7t 43 RYA S5 FEE BinA J
Tl A Fo] dF HH EHo| A
AFE & Aole Holx gout Fase A
F& deisd ole ddidez F Addelrt
AAEA G A S AR 9EE 3o
Herl EolE ez AAHI vy, FJS
stEAlel Hul g AAAL 174, 1/3
359 AE A fAREeY 172 959
At ddFes & U U
53] &4F 8 Eue 9% g A9A,
/4945, 1/39% 2o 88 =4 FE3e
HEE & ded ol BFe 172 459
BS Aoz XA E£4o] AA Ui
AXE 7 QHEelY FFE A L Fe=
Alg €.

EF 7} ZY M JF S5 o U8
ol ¥ 3§ ¥ xPY3=d o=
£ oA 35 o] dA] Y A=
22 ZFA FAg0 JF3e sHERs] |
Fog AaxEI FUAHo|R FHA dFHo|
7 9ol X187 Wi dA #Hde Qe

L
=



Aoz AZLHY &FH FHY e 49L&
A e YRE RIdME & gk ol
3t2 Y.

FAdolE& AAT W 4FolA 1/4, 1/3
459 Ag BuistEe] JHEiAE FHdA
A Q9A3$Egko] veh g 172 959 ¢
P& AFHo) A Yeht= o) B 1/2
gzl AL 9% = =AM} FFo
Hold ddFHez & XA FAs Fo}
A7) dEoE A=Y ol AFe 4AA
et FARGNA A& FRY FF 257
o W &A S8 dvh= Cavel %, Khera $°
o] ATATe dXEo,

=3 FUAHAE AAS W 59 FF 1T
¥4 Ao Buj s3] 7B A ¥
e 959 Hol7l AZFE FFoE A
ol7} W99 o] g HolFE E5 e
ol AAZE FHo] gojdF Yot Aot
B4 2 WAty g FAXNE dAAZY]
o 7103 Ao Alg €.

7% FAC X 3FS FAA U =
3 Feldol g FEI AP R H A FAME
<8 2% 9 Jg %S vehliglen dz
2ydA 233 71F & ¥W9E YeEREY
o818 AYE oA AFIFH AAF el
Bo Fg o7l A4 459 FHFA
AZAFE R 2 FAF o7t WA A3
3o AL AAF7]) ELE ddE.

ol Aol ARE ¥ £ o HAFHA =H
g A9 Wgle W gFA £ 35S 7S
o 744 ZA Jdelgen A% $8Le I
o8 FEF AY Ry Fy 315 & 7HF
Z $8F%E el v W e Hutyoe s
S FEEO] AN Afde EE
5z e Wst Wl o5 A
2o AA Jehded ole d{FHAA &F
i FAE AA Bl 35 wako]l A2
Ao Vet Aoz AlgHn FEES
o 83 A7t vlosle R
#3 EHEE AXse=d fEd B2
N3 AT R Fohy FEE T (Table 3, Fig.
4, 5).

Eol&tA &F 2ol ¥l FA 24 35<
729 AuE@ € W] g5 F7o)
Z/V84E AXE BEE JUgded oe
Q9 ¢ JF € AYF 712 Ao
Xolupdo| d et & & Utk(Fig. 6).

84 Ags 9A ¢ o3 SN T
A e $80] By Y AAH A5
gdo] A7itka 3 EAe] Fo] E3t
B3 g¥o] A2 o o= 57 A& 93
Bdo] dojUeRE & ¢ JoBR o g
F29¢g T3t T Az T FHIH ¥
2t g-e] Sl g d&sof ittt

oA @A F32o] T A5 I &
grc 34 Jehe 29004 Ase] o]
ol Hed HFFe J9F A== 10.3
MPaolzZ Aold9] AR Z=E 51.7 MPadl
B2 FgHo] o] ol EHdAe e
7bsAe] ¥0tn B 4 leng B AYdiE
Ao F3¥L FFsl @ 75EE 4
z39ed, SEEE e gsiMe Hgd
A 7HfAE AR Yo o2 dFol
A7tk ste Griffith ©]&2d] A%
FgHo] e F AsYAE A e
g8 § T ol AY F3 $H o3 2
=7 g x&F 2 y5 Wde A7 2EE
HERo] B3E Reg HHo o FE
ZAFs A o

34, Derand 528 A5 315< 71E 9
APAZ FREF PP FAHENA A
Eo AAZERT ¢ & A% $¥o] FALHT
2P JF 2o 75 FAE F A0
s Fd ol A HIo &3] AHEHE
Superbond AzAle] HAZE®7F 40,000
mN/mm?¢] ¥Ha, B AP ndoA agd &
AARY e ARALHo] BXEHFAE AT
umA sEFzAdqA giE oEte A
AR Y] HE 3L Y Ao A
g & glovt B A4 A8E fdeLsR
de AR E 3 XEH M spl
AAse AHES ZE W usf nAA
A7) W&o AA SR Y ZA JEd
Aoz AtgE o] wAAZ o ol e @G



RE 55 24 SAx ANFEA FEL B
o]7] W&o F R &Y £X Fdolvt
HY FEE F2 AR L 974 JeEhG
<9 #e 1298004 FAHZ isthmusd] F
73] WSl7t £HlstEA] dtFol Fojd AXY
YA)8l7) wEo] Ao s g gHow §
Al=e] Yehd ez YZHEd,

EHlssA oz 2835 F<dgolrt £841
AR 2PA FAS Apdo] Te=
A ¥4 9% & IFHE BFE
HERou oy ol Xoprt HAH
&) g e Ao] ol & AH
Hol Qe Aoz 7HF897] wiEes A
Ho] E AYPoME FUdolE 5o HAA
AHEE AIE] O] (s Rd Ao F
AL FAsta Pt A AMES T}
AA| 20— 30um AEE gFo} FH o] Br153H
o] 27g Rdud FEx Rl v
RAeg Atgdth. 23y 129508 S
AF9 &AM GEaF e FSH ) E)
3lE9] Jgo] 9% A o] v RdEG
A FL3A o] FFHJT A Hole}
g ole] HEAHE 1 =l Ao
7Fesithd ol#g AL HIARY oE
dod ¢ vk HZEd(Table 5, Fig. 7).

AEHOE Ao FEES X Atole
35 =4 wegt JF sFold £ 35
83 BE A WAF 2 Aol =
23 Adxg AR el F4F5 W9
A7 He ¥, Holf £EES AAT F
Bujslsg 718 Agde 959 g4 ZHo
&S A7k HA Jehg 9% 345 st
A gke AAR o FAMS FeE Holi 959
P FHo] F/MEFE HYe F4Fe=
Z7 53 53 @&5EYst 2A JETh

T 39 BE¥E Xoly FEES X
A% PR isthmuse] FA FH F#RLo]
3158 713 (A e A aFAH 9%
$8o] £Xd v, Xohj FEEE AASIL
2y 85 718 Afde o5 AR ¥
A& A 24 §¥o] JFH YErsTh
(AFA 11, 12, 13, Fig. 6).

397

mEta Xolmtde] g AHAFAHA 9IS
nXe 3t AL By FFAE AZdHA
AA Ho} "ol 713 & dojute B
HAZ ¢ A BJdx e F9H ol $&
oo wE} HEA] W 9F9 Bde e
2N Agolde] 9% AEE ¥R do] g
Aol dAH ¥y, FH o2 FEH A=
H|23 g dis] <hAg Aoz Jehd A
PN M= Xo}f-2Fo] EAd= By FE
EZ X3} g3 FAsHE Aotdd g ]S
Yol 9o Aoz Atg"cH(Fig. 6).

E AFA ol FEEZ FldolE
AMEAl 959 FEx opizd A=
A isthmus®] A 79 Yo/t FL2+5
AR AL BEEsE SHAA Wy 2 &
HE¥J & BSEY 53 YEher
o] El-Sherif 5, Goel 5%, Khera 5%
A7l XA

old<] Adg T BH, BE AJHIA
FEEZ 95& AL Bde 7Y ZHEY
UGSl mwl-¢ b Aoz Yehd whd,
¥l shgo] AgolE 5] 3 A FHAsA
o} gH@o] oldE u} Xofol] $4Fo] &
o ¥i=A] o]E A|ASL FEEEZ I3
Aol ¢8 A% 4 HYE F94 Xolgd g
WA F A, o] FAME FEE 39
FAFol wE XA 9 AP AN E 1/4 &+50]
M E2LACE BT

o]l AF7F RE 5, De Vree 5*0]
AFE AXNE JeFY, FEEY =7,
StFe] Wy 2 FEED Xoldte] FHHe
Z79) we} Aeko] B ul, Fo= ol gk
AL ATV AS HolAkH Aoz At
s¥.

v.&d B

AAE Fddol Fe FAHEZH] Xojut
Ao vXe JFS va Jrishr] f8) g
A 148739 33 frEtes 2dE UERL
=94 9] 59 ¥4 73S 1/4, 1/3,
1/22 A3}y 3714 31521 & 718 o, 49



2 AT 973 542 33 ATy

1.

L2 BNt gt e FAAE Aok

S5E P43 £ FUFolg $EF nE
48 239 Z% Az aFe x|
ot ZAAX 9 FAFE HYE Uehiz ¥l
53 HnA] AL wejEke ey,
Y X AL Holl FU I E FEF
73S o459 ZH #Aglel FH F
2 FAd ol XAe] ZFA AN AAS
Ho] £¥XE ¥, WioFe He 959
F30] AATE dF VAR 4= XA
ol Sgo] JFHA.

Higtse] A9 By 3% RdA 9%
HH 74 BAgQlel 9% 71AR A=
AR A Hol mpde] dgd why,
FUH IR FEE ol vnd g
g3 HAE Re= Ve,

1Y e AF 354 5HL FHes
A&He AL Hgon, Bu 34
¥ 2 FEEH RddAE JF =
A8t FARSE g B2l whA, Wl oL EAlE
AF7L FFo 2 PolXEe 3L vEyn
B X 3FA = ZE ZdoA AvrEe 4=
HAE Yo,

NEH

k]

. Cameron, C.: The cracked tooth synd-

rome . additional findings, ] Am Dent As-
soc. 93 . 971, 1976.

Stephan, E. W., Maxwell, E.H., and Braly,
B.V. ! Fractures of posterior teeth in adu-
Its, J Am Dent Assoc. 112 : 215, 1986.

. Gher, Jr.M, Dunlap, R, Anderson, E.,

and Kuhl, L. ° Clinical survey of fractured
teeth, ] Am Dent Assoc. 114 : 174, 1987.

. Almquist, T. C., Cowan, R.D., and Lam-

bert, R. L. . Conservative amalgam resto-
rations, J Prosthet Dent. 29 . 524, 1973.

. Elderton, R.J.: New Approaches to Ca-

vity Design, Br Dent J. 157 : 421, 1984.

398

10.

11.

12.

13.

14.

15.

16.

Mondelli, J., Steagall, L., Ishikiriama, A.,
Navarri, M.F., and Soares, F.B. : Fracture
Strength of Human Teeth with Cavity
Preparations, J Prosthet Dent. 43 : 419,
1980.

Hartsook, J. T., and Ann Arbor, Mich. :
Principles involved in preparing proxi-
moocclusal cavities in deciduous teeth,
J Am Dent Assoc. 51 : 649, 1955.

Vale, W. A. ! Cavity preparation and fur-
ther thoughts on high speed, Br Dent J.
107 © 333, 1959.

El—Sherif, M. H., Halhoul, M.N., Kamar,
AA, and El—Din, AN. : Fracture Stre-
ngth of Premolars with Class 2 Silver
Amalgam Restorations, Operative Dentis-
try. 13 . 50, 1988.

Elderton, R.J.: Cavo—surface Angles,
Amalgam Margin Angles and Occlusal
Cavity Preparations, Br Dent J. 156 : 319,
1984.

Christensen, G. J. : Clinical and Research
Advancements in Cast—Gold Restora-
tions, J Prosthet Dent. 25 : 62, 1971.
Sturdevant, C. M. . The Art and Science
of Operative Dentistry, 2nd ed., St. Louis,
Missouri. : C. V. Mosby Co., 1985, pp.431
—446.

W A4 skt Al X $£8A] o} &
SAAY S8 o] B fgasy
2 A7, Aok FHet3A), 16 26, 19
89.

HEE, 9HE 23 Aol 84
S5l W Holuldd #F HHa
2YE AT, WRARRE}IA], 19:
231, 1994.

Khera, S.C., Goel, V.K. and Chen, R.C.
S., and Gurusami, S.A.: A Three—di-
mensional Finite Element Model, Opera-
tive Dentistry., 13 . 128, 1988.

Zhou, Shu—Min, Hu, Hai—Ping, and
Wang, You—Fu. . Analysis of Stresses



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

and breaking Loads for Class I Cavity
Preparations in Mandibular First Molars,
Quintessence Int. 20 : 205, 1989.
Lopes, L. M. P., Leitao, J. G. M., and Dou-
glas, W.H. . Effect of a new resin inlay
onlay restorative material on cuspal rein-
forcement, Quintessence Int. 22 : 641,
1991.
Morin, D., DeLong, R., and Douglas, W. H.
. Cusp reinforcement by the acid—etch
technique, ] Dent Res. 63 : 1075, 1984.
A F9  FAR inlay FEE ZAE3=
stressoll #§ FEAF B4, i X379
AFE 3R], 19 : 593, 1981.
F A9, & B4, £ 7% Post FHjol
2 X i} AR 239 Y E243
#2343 A, A FAE I A,
26 : 737, 1988.
Craig, R. G.,, El—Ebrashi, M. K., LePeak,
P.J., and Peyton, F. A. . Experimental st-
ress analysis of dental restorations— Part
I. Two—dimensional photoelastic stress
analysis of inlays, J Prosthet Dent. 17 :
277—291, 1967.
Fisher, D. W,, Caputo, A. A,, Shillingburg,
H. T., and Duncanson, M. G. . Photoelas-
tic analysis of inlay and onlay prepara-
tions, J Prosthet Dent. 33 . 4753, 1975.
A AH, F HE, o] 4 e
¥, A& $9A% 1987, pp.1—21
Z ¥E A4 BE Aotgde B¢ 334
LA A7, dEAFEEES A,
18 1 291, 1993.
Derand, T.: Marginal Failure of Amal-
gam Class II Restoration, J Dent Res. 56
. 481, 1977.
De Vree, J.H.P., Peters, M.C.R,, and
Plasschaert, A.J.M.: A Comparison of
photoelastic and finite element stress
snalysis in restored tooth structures, ]
Oral Rehabilitation. 10 : 505, 1983.
Williams, KR., Edmundson, J.T. and

399

28.

29.

30.

31.

32.

3.

35.

36.

37.

38.

Rees, J. S. © Finite element stress analysis
of restored teeth, Dent Mater. 3 : 200,
1987.

Craig, R. G. ! Selected properties of den-
tal composites, J Dent Res. 58 : 1544,
1979.

A FY, 2 92, & 34 FdYo] ¢
T FA BE SHEX HY o AT
FHasysd A7, dINFEESSIR),
18 395, 1993.

Goel, V.K,, Khera, S.C., Gurusami, S.,
and Chen, R. C. S. . Effect of cavity depth
on stresses in a restored tooth, J Pros-
theat Dent. 67 . 174, 1992.

Wheeler, R. C. : Dental anatomy, physio-
logy and occlusion, Philadelphia, PA. : W.
B. Saunders Co., 1974, pp. 196—208.
Joynt, R.B., Davis, E. L., and Weiczkow-
ski, G., et al. - Fracture resistance of pos-
terior teeth restored with glass ionomer
composite resin systems, ] Prosthet Dent.
62 : 28, 1989.

. Widmalm, S. E,, and Ericsson, S. G. : Ma-

ximal bite force with centric and eccentric
load, J Oral Rehab. 9 . 445, 1982.
Cavel, W. T., Kelsey, W.P., and Blanke-
nauy, R.J. © An in vivo study of cuspal fra-
cture, J Prosthet Dent. 53 : 38, 1985.
Gilmore, H. W,, Lund, M. R,, Bales, C.D.,
and Vernetti, J. P. . Operative dentistry,
4th ed., St. Louis, Missouri, C. V. Mosby
Co., 1982, pp.122—145

Gilmore, H.W. : Restorative materials
and cavity preparation design, Dental
Clinics of North America. 15:99, 19
71.

Eakle, W.S,, and Braly, B.V. : Fracture
resistance of human teeth with mesial—
occlusal—distal cavities prepared with
sharp and round internal line forms, J
Prosthet Dent. 53 : 646, 1985.

RE, G.]., Noring, B.K,, and Draheim, R.



39.

40.

41.

42.

43.

45.

N. : Fracture strength of molars contai-
ning three surface amalgam restorations,
J Prosthet Dent. 47 : 185, 1982.

% FA I AXR A& AdA # A
AzAe guiytgo] B FRLAYE
AT, X FHJAHH 3| A), 24 © 617, 1986.
Atmaram, G.H. and Mohammed, H.:
Estimation of physiologic stresses with
a natural tooth considering fibrous PDL
structure, J Dent Res. 60 : 873, 1981.
Noriaki Takahashi, Tetsuya Kitagami,
Tomio Komori. : Annotation evaluation of
thermal change in pulp chamber, J Dent
Res. 56 : 1480, 1977.

Yettram, A. L., Wright, K. W.]., and Pic-
kard, H. M. : Finite element stress analy-
sis of the crown of normal and restored
teeth, J Dent Res. 55 : 1004, 1976.
Rubin, C., Krishnamuorthy, N., Capilouto,
E. and Yi, H. : Stress analysis of the hu-
man tooth using a three —dimensional fi-
nite element model, J Dent Res. 62 : 82,
1983

. Goel, V.K, Khera, S. C., Ralston, J. L., and

Chang, K. H. : Stresses at the dentino—
enamel junction of human teeth—A finite
element investigation, J Prosthet Dent.
66 - 451, 1991.

Khera, S.C., Goel, V.K.,, Chen, R.C.S,
and Gurusami, S.A.: Parameters of
MOD cavity preparation : A 3—D FEM
Study, Part II, Operative Dentistry. 16 :
42, 1991.

400

46.

47.

48.

49.

50.

51.

52.

53.

Gibbs, C. H., Mahan, P.E., Lundeen, H.
C., Brehnan, K. B., Wash, E. K., and Hol-
brook, W. B.  Occlusal forces during che-
wing and swallowing as measured by
sound transmission, J Prosthet Dent. 46 :
443, 1981.
Jose dos Santos, Jr. . Occlusion (Princip-
les and Concepts), Ishiyak Euro—Ame-
rica - Inc. Publishers., pp. 145—147,
Burke, F.]. T., Watts, D.C., and Wilson,
N. H.F. ! Fracture resistance with MOD-
composite inlays - the effect of cavity wall
taper, J] Dent Res. 69 : 986, 1990.
Craig, R.G. ' Restorative Dental Mate-
rials, 8th ed.St.Louis, Missouri. C.V.
Mosby Co. 1989, pp.76— 80.
Morin, D. L., Cross, M. R., Douglas, W. H.,
and DeLong, R. : Biophysical stress anal-
ysis of restored teeth . modeling and
analysis, Dent Mater. 4 : 77, 1988.
Khera, S. C., Carpenter, C. W., and Staley,
R.N. : Anatomy of cusps of posterior
teeth and their fracture potential, J Pros-
thet Dent. 64 © 139, 1990.
Technical Data of Superbond C & B from
SUN MEDICAL Co., Japan, p.3, 1994.
RE, G.]., and Norling, B. K. : Fracturing
molars with axial forces, ] Dent Res. 60 :
805, 1981.
De Vree, J. H. P., Spierings, Th, A. M., and
Plasschaert, A.J. M. : A Stimulation mo-
del for transient thermal analysis of res-
tored teeth, ] Dent Res. 62 : 756, 1983.



[y

3.

4.

10.

10",

11.

171°.

EXPLANATION OF PHOTOGRAPHS

. A Three—dimensional Finite Element Model
. Mesh formation of section 9

Stress distribution and displacement of Model 0 under concentrated load (Con-
tour plot)
Stress distribution and displacement of Model 0 under concentrated load (Arrow

plot)

Stress distribution and displacement of Model I under concentrated load (Con-
tour plot)

Stress distribution and displacement of Model I under concentrated load (Ar-
row plot)

Stress distribution and displacement of Model II under concentrated load (Con-
tour plot)

. Stress distribution and displacement of Model II under concentrated load (Ar-

row plot)
Stress distribution and displacement of Model Ill under concentrated load (Con-
tour plot)

. Stress distribution and displacement of Model Il under concentrated load (Ar-

row plot)
Stress distribution and displacement of Model 0 under divided load (Contour

plot)

. Stress distribution and displacement of Model 0 under divided load (Arrow

plot)
Stress distribution and displacement of Model I under divided load (Contour

plot)

. Stress distribution and displacement of Model I under divided load (Arrow

plot)
Stress distribution and displacement of Model II under divided load (Contour

plot)

. Stress distribution and displacement of Model II under divided load (Arrow

plot)
Stress distribution and displacement of Model ¥ under divided load (Contour

plot)
Stress distribution and displacement of Model III under divided load (Arrow

plot)
Stress distribution and displacement of empty cavity of Model I under divided

load(Contour plot)
Stress distribution and displacement of empty cavity of Model I under divided

lpad(Arrow plot)
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Stress distribution and displacement of empty cavity of Model 1I under divided
load(Contour plot)

Stress distribution and displacement of empty cavity of Model II under divided
load(Arrow plot)

Stress distribution and displacement of empty cavity of Model Il under divided
load(Contour plot)

Stress distribution and displacement of empty cavity of Model 1lI under divided
load(Arrow plot)

Stress distribution and displacement of Model 0 under distributed load (Contour plot)
Stress distribution and displacement of Model 0 under distributed load (Arrow plot)
Stress distribution and displacement of Model I under distributed load (Contour
plot)

Stress distribution and displacement of Model I under distributed load (Arrow plot)
Stress distribution and displacement of Model II under distributed load (Contour
plot)

Stress distribution and displacement of Model II under distributed load (Arrow plot)
Stress distribution and displacement of Mode IIl under distributed load (Contour plot)
Stress distribution and displacement of Model 1l under distributed load (Arrow plot)
Stress distribution and displacement of empty cavity of Model I under distributed
load (Contourplot)

Stress distribution and displacement of empty cavity of Model I under distributed
load(Arrow plot)

Stress distribution and displacement of empty cavity of Model II under distributed
load(Contour plot)

Stress distribution and displacement of empty cavity of Model II under distributed
load(Arrow plot)

Stress distribution and displacement of empty cavity of Model 1l under distributed
load(Contour plot)

Stress distribution and displacement of empty cavity of Model Il under distributed
load(Arrow plot)
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— Abstract—

A THREE—DIMENSIONAL FINITE ELEMENT ANALYSIS ON STRESS AND
DISPLACEMENT RELATED TO ISTHMUS WIDTH OF GOLD INLAY CAVITY

Ho-Keel Hwang, D.D.S., M.S.D., Mi-KyLlng Im, D.D.S., M.S.D., Ph.D.)
Department of Dentistry, College of Dentistry, Wonkwang University.

The purpose of this study was to evaluate the fracture resistance of tooth restored with
gold inlay. A profound understanding of the isthmus width factor, which is one of the
several parameters of cavity designs, would facilitate the appropriate cavity preparation
in a specific clinical situation.

In this study, the cavities for gold inlay were prepared in maxillary left first premolar.
A three—dimensional model was designed using I—DEAS program. The model was compo-
sed of 2515—nodes and 2172 isoparametric brick elements. In the model isthmus width
was varied into 1/4, 1/3 and 1/2 of intercuspal width respectively, and numeric values
of the material properties of enamel, dentin and gold was set. Three types of load : concent-
rated load, divided load and distributed load was 500N. The empty cavities in the model
were also examined using divided load and distribiited load.

The three—dimensional Finite Element Method was used to analysis the displacement
and stress distribution.

The results were as follows :

1. All of the experimental models which were filled with gold inlay revealed similar direc-
tion of displacement to that of the natural tooth model under the same load type. But
in the models with empty cavities, as the isthmus width increased, the degree of displace-
ment increased in the case of divided load type.

2. All experimental models which were filled with gold inlay showed stress concentration
at load points, but in the models with empty cavities at divided load type, as isthmus
width increased, stress was concentrated at the corner of the pulpal floor.

3. In the models with empty cavities at divided load type, tooth fracture was expected
regardless of isthmus width, but all experimental medels which were filled with gold
inlay after cavity preparation were not susceptible to fracture.

4. In-all experimental models which were filled with gold inlay after cavity preparatlon,
displacement patterns were similar under both concentrated and divided load types.
In the models with empty cavities, a divided load resulted in a bucco—lingual cuspal
displacemenat in both sides, but a distributed load resulted in a lingual displacement
of the tooth.
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