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AA BAFZ, o]AFX|O}9-4F FEE] &
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9 shetn 0}%i°‘11 Bowen‘:‘”o AyA
J FEAEH AN RALE TSl 9
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(adhesive or cohesive failure)& ¥2.7)7]4j
FEY 297 g3 st

olgg FHFFoE Q3 FAAHY HAEL
A e P W, FAwHe wal
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M) B8 ne7t $EIAY. GA o
AFlNE o)WY FPRAREL & o @
AAAA AA boxBehe] 53953 erosion/
abrasion 3l VA Hee shEelA o)
ZRwA ol #5E FEAEYN) FT4
24 w4E & e P BE Y Pl
Bl AR FRRAA YYo= ATSAT.

I 97 ME X Y

1. #8428l HZ (FEM modelling)

Arstyoz FAYFHYE 7HAY Aot
34 Fgo] 9l 4 FHEXNE VYo &
AR 1/3899 5539459 AL AASY
t}. obol #Hz FHE AP XotE At
S D 23 F 05mm HHe2 A A
op3le] A4 o3 293 (serial photograph te-
chnique) 2 & Z} X|o} T 9] &Eol= BES
AZg F, o] £Eol= BE-E 572 H|Fo]
B¥Zo]o] A= (tracing) 313, °1& EUE
FHARF S AFFAD. AFE {FFas
532 2055670 2] 27 (node) 7 4210702} 8.4
(element) 2 FAH oD ALL3 849 F
42 10708 AP o2 o] FoF AHAA Yt &
Age B4L Astsy Rurwg F1R 3
FAH(Table 1).

A7 Y2 A3 JFAHJkaL 7HA 3}
neo, fFHaswFPel AA= I[-DEAS
(Master Series Version 2.1, Structural Dyna-
mic Research Corporation, Milford, Ohio, U.S.
A)E o]g3slgen, B¥9 34 ANSYS
(Version 5.0, Swanson Analysis System Incor-
poration, US.A.) E ©] &3} Iris Indigo Work-

station’goll Al =3 8} c}.

2. 52| #E§ (Cavity design)

<94 d¥| 5m, £3A Fo| 2mm, o] 2
me] Box¥He}e] o5& FAstdoen e
ZFA WA 4509 AlA(beve) S FA3IA.
® e} YA e g &3] U= =erosion/abra-
sion 39 HAE 2W3l7] YA BoxH el 9}
2L 3719 VA FH Y o5 A3 ey
AP o FE-E 93] BoxFH el o5& ALY,
VAEE o 258 BEdolgil PrE sy
tH(Fig. 1).

3. gijzie] &ExetH (Placement method)
g3 22 1A ges gL S8t
Aot

@DOblique occlusal increment filling technique
Hegd Wa s XTste A¥WE Y& 9A
WIBteE FHeL FHAL Fol e
Aoz &88 A= WYelh(Fig. 1 A E).
@0Oblique gingival increment filling technique
ez 29 dx AN E FHstn
A7 F Uoix IPUE 8
Wi oltH(Fig. 1 B, P).
(®Horizontal increment filling technique
dold A o5 Hole 12714 AL
ZFA35 FEHA Fo UmA] RYE FA
s Woltk(Fig. 1 C, G).

®Bulk filling technique

SFAANE T FAdE WP, g
A 29 F¥o] cavosurface marginl A H
AlZ=o] Aotd o4EA7tx] WP HAH(Fig 1
D, H).

Table 1. Material properties in the finite element models

. Young’s modulus
Material g

" Coefficient of Thermal

Poisson’s Ratio

(Mpa) Expansion
Enamel 84,000 0.33 0.0
Dentin 18,000 031 0.0
Cured resin 13,500 0.38 8X107°
Uncured resin 1X107" 045 0.0
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4. F8M&20| R2H(Simulation of polyme-

rization shrinkage) _
FERARZFYANA Y FHE FHF
o2 AEY 4 f17] W& thermal stress
analogyE ©]-43to %2 AAsYch o2
¥ Hickman® Jacobsen'™, Katona® Win-
kier®7} ¢ dol A8k FHo| o] Fo|A =
Ao 7HAg dAFe 2EE /MFFHoE 10
H7AA171aL old &9 3R 4 e
Fod EYZAF wetA #HAY FE5&
F=3ath T P gy Y2o)
Z3E HRF9 22 10 AT 249

NN
F. Model B2

E. Model B1

elastic modulus(Table 1)E& F¥¢HA @&
B FxdA FHE BP9 Fx= W3
Al Z 23 HRY FRAAE 6FAZ FE
st zvztol ZZvhHol we) Fig 19 Vel
AAY F3o] APHEE A

5. 824 (Stress analysis)

# 27 xjole] AHANA FaAE dodl=
normal(tensile) stress& ZA3 Yt £ A4g
oAl FA3§ 2+50] BoxFEH(ARD) 9} VALY
g(BRE) o)z A FHY o] 474 (obli-
que occlusal increment filling, oblique gingival

G. Model B3

H. Model B4

Fig. 1. Cavity preparation form and placement methods for the FE model. In all models,
curing is simulated according to numerical order, beginning with step 1. and ending
with step 6.

. Box-shape cavity form, oblique occlusal increment filling technique.

. Box-shape cavity form, oblique gingival increment filling technique.
. Box-shape cavity form, horizontal increment filling technique.

. Box-shape cavity form, bulk filling technique.

V-shape cavity form, oblique occlusal increment filling technique.
V-shape cavity form, oblique gingival increment filling technique.

. V-shape cavity form, horizontal increment filling technique.

. V-shape cavity form, bulk filling technique.

TOoOTMEHODOW R

135



increment filling, horizontal increment filling,
bulk filling)o)=& AAZAQ vluFELe
Al, A2, A3, A4, B1, B2, B3, B42 =5 8717t
HAHFig. 1. Zzte] FAEALo| 9] Hlae
FEZ 6949 SHARFT & 2AA H
<8 A9 Y, gy o, Hs
ot obEAAtele] AANM FAs o o] F
ojHd. ’

m. 17 i

. BoxEEH2| tS0lM 471X ST
E}—f- HEIEIO) A wASH Xof QRS
Fig. 29 JEehd nvke}l 2o] oblique occlusal
increment filling®l A 714 & AU AF SHol
AP ony buk fillinglA 7HF &AL Ho
AG-&Fo] LA

2. BoxEENS| tZ0llM 471X| XL
mZ AOLEOA LA F0f IXSH

Fig. 39 Wb nle} o] oblique gingival
increment fillingsl A 74& 2 Hd Q3-5-8o]
wygon WA Z¢9 viRVtAR bulk
fillingel A 7b& 22 Hoj U-go] B3}
ach dFde A$(Fig.2) = g9 &4 3
welo] e 3 Aozt AR AL E F
et

3. BoxEENS| <}S0llA 471X EXdUHo]
T2 AOIEISHoA st a—lEH‘l"éo =

Fig. 49l Jeld vlel o] oblique gingival
increment fillingol A 7}7¢ & Ho AF-gHo]
BAP o, bulk filling°l]*1 71 Fe Hd
QA Ho| HASIHUY. T3 EHHOZ Ao}
A bEA e} AAF YR Fo] THE WOIES
3) Hdl AFSHo] LA

Z2xd

I_

4. VX} EHEfQ] SOIM 4TIX| &
oE gatEioja] erAst Hof IEEH

Fig. 59l v}eldt nie} o] oblique gingival
increment filling*1 A 718 & ) 42-8Ho]
gAFy o bulk fillingolA 7 Ze Hd

2HHO|
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Q1428 o] A3 ). oblique occlusal incre-
ment filling® horizontal increment fillingS

$A% Ad AFeEe BT

5. VXA &Eje| bS0lAM 471X]| X""“ﬂoﬂ
mE AlojRlollA st Zof oIESH

Fig. 6o Wvebd viel 2ol oblique occlusal
increment fillingoll A 7H8 2 Hdi A 3 Ho]
wAg o w1 th-9] horizontal increment fi-
lling, oblique gingival increment fillings=°l %A
I bulk f111mg°ﬂ"‘] 71 e Ho zc} +EE
Baoh

6. BoxEEl2| 2AS0IM 47X| STHLHH=2
TRl 2 HWEE, MolE, MolE 25 A
olAMe =|cf oIESH (Figs. 7—10)

4717 ZA¥PE(A], A2, A3, A4) BTN
Arotd otF A, WHEA, ol Fo2 Hu
2Hx7F ST B A49 ASde ¥
A, Zold, Aotd 4FA EFA FHo)
2% 435S o Ho $o] TN, Al
A2, A39] ALE =T Zo] Ho) o]
Ask ot

7. VAL HEHC| 2tS0lIA 471X SHYHH=
TRl 2 g, aotEojMel oy olE
=3 (Figs.11—14)

47}A] ¥PH(Bl, 2, 3, 4) EFOA YHIFE,

Hopdel &Nz HUSIAA /b,
( Normal maximum stress (enamel), A
(10 2MPa)
150
100 | |
50 } —2— A3
—— A4
0 : , , .
1 2 3 4 5 6
Increment

Fig. 2. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel in box-shape cavity.



Box®B el A+ mitAZ B49l B
$#43] %€ ¥, Bl, B2, B39 AYE $%
=% Hdf o] LA

=
T«

. Nomal maximum stress (dentin), A
(10" *‘MPa)

300
250
200
150
100

50

Increment

Fig. 3. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
dentin in box-shape cavity.

Norrrel meximum stress (enarrel), B
(10 °MPa) B
800
600 | ——B1
400 t —+—B2
20 ¢ Y il
0 X A
1 2 3 4 5 6
Increment

Fig. 5. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel in V-shape cavity.

Normal maximum stress(A1)
(10"3MPa)
200
150
-‘\0 ——E
100 | D
50 | | —o—D.F|
0 — " L
1 2 3 4 5 6
Increment

Fig. 7. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel, dentin, dentin floor in model
Al

Normal maxirum stress (dentin foor), A
(107 MPa) :
120

1

—— Al
-a- 2

3838888

Fig. 4. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
dentin floor in box-shape cavity.

Norrred maxirum stress (dentin), B

(10"MPa)
1000
800
—-o—B1
600 d | ap2
400 ——B3
200 =

increment

Fig. 6. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
dentin iv V-shape cavity.

Normal maximum stress(A2)
(10"2MPa) .

300
250
200
150
100
50
0

1 2 3 4 5 6
Increment

F1g 8. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel, dentin, dentin floor in model
A2.



Normal meximum stress{(A3)

(10" MPa)
200
150
——E
100 | D
~a~DF
50
0

Increment

Fig. ©. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel, dentin, dentin floor in model
A3.

Normal maxirum stress(B1)

(107*MPa)
1000

800 |
600 | , —~—E
400 | D
200 [,
o A
1 2 3 4 5 8

Increment

Fig. 11. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel, dentin, in model B1.

Normel maximum stress(B3)
(10 “3MPa) .
800
600 | i
——E
400 D
200 3
0 PR A
1 2 3 4 5 6
incrsment

Fig. 13. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel, dentin in model B3.
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Norrrel maxinum stress(Ad)
(1073MPa)
100

80 L
60 | —~E
40 t —=-D
20 - +D.F
0 " I J.
1 2 3 4 5 &6

Fig. 10. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
ename), dentin, dentin floor in model
A4

Norvel mexirmum stress (B2)

{1073vPa)
700
Gm L
500 -
400 ——E
300 —a— D)
200
100 |

0

1 2 3 4 5 6
Increment

Fig. 12. Plots of maximum normal(tensile) st-
ress as a function oflayer cured at
enamel, dentin in model B2.

Norrral meximum stress(B4)
(107%Pa)
140
120
100
80 ——E
60 ~a—[)
40
20
0 1 Iy 1 1

1 2 3 4 5 6
Increment

Fig. 14. Plots of maximum normal(tensile) st-
ress as a function of layer cured at
enamel, dentin in model B4.
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JR. Rees® P.H. Jacobsen®-& monomer
unit®} short-covalent bond®] Aol ojsjA
SHTFFo] dojdttn IR, o) F TS
F02 Q% A4 FHEA FAHo] Bol B1
5101 gi.q_.a.ms,s.m.e,w) o] E-]f::’_}_- %E&]Ea];ﬂg]
FETES %= WHLEE mercury-fil-
led capillaryE ©]-§3F dilatometerE o]43}=
Hb e Y7 2910] oA Fee] wWEs
Z3% 4 AT strain-gauge transducerS ©]
£3% plethysmographS ©]-&3% ¥ ® water-
filled dilatometerE o]&% Hhye22F o] A
Ao, 2o g njAREdd AF A7
EX @ol] = ojgrprnn® 3z)|vt g2
T 23 R XAAlo]e] AWM o
B F Jde 8o FF AFe B A
olal, ol2lg o] Xo}e} g RAlele] A
&) FAoldt xote] xZtawiel ¥Ue]
F JonZ? o ApeMe olalF 9
P& AHEYT

F8 22 F2 JA4A, 337 7=
9 | @Wo] Mol WYL Z FHAE
298t ot ME 1 o]fo] Bo] Hojubxu
Ae AAojrprBend M3 F32 Y
o EFE XolnFe APse=d 239
7Fedol A A SFHFHE o AHAH
o2 Jepeds A3 dhgelztn & 4
At

E dATidME f384 BN 284
%9] 28-S thermal stress analogy S ©]-&3) 4
BT AAFHA H3e e 447
o2 FYPHe HAHAY ol& FABH AP
371 H8A FEEHE AL 6719 Zoz
T2 (Fig. 1), & 39 S EE 7}
dHoz 10 =P} FAlo] Ao} Fog
ERG Agol o3 o]FoiHt. Ay A
W wel 7 Fo] FHEME WA AHA
Z4zte] FRAWH ) 2olE Tk

Michel Goldman®2 #IFEA 59
Holl gk HAAFE e nAE
22 OFEFF @FNHY F¥ FF
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@A Hx @AY FFAL GOAMaEY
SbEHAtelo] A% @A Trte) A&y @
Age] GUPAFE 320, o] oy 8
AEALO]o FBAAE FA3) A7)= YEXT
FETFEES AAE Zo) HIAFYEE 4
Al7led 74 Sasda &ych

B5Y FEXAEHAY FHFFog A7
FAAE ME37) 9% ez 458 Y
Hel W, FAHge Wil Aze #@i9
Mol 93t FieZe] AL Fole WY
T¥HEE w39 /58S IUHATIE Wy,
dotd Ag Alawe) M So] AAIE T ok

Felix Lutz5*W& 2& ¥3d Wddo] APd S
71 i (pear) Fe] S ¥ElE adhesive
preparation®] 2} dted A A)SHAA o459 ¥
Al A FZol o7 ST FExHA 2] WES}
BeEATHE Yo7A Hol WAR HFPAo
A FFEd stk LHS. Hall5%& o
ot ZAF] gt AiAEd Axld B
Aol ZE WA AHHE T Ro] AR
& Y F Jdx o A iy
ZPAT, 4F3EQ F9 A BAME
OMAE =R 27} 9k

Increment filling technique& @& 954
B 41T FTHE A AAHY
EH*% ©o]& increment filling technique©]
g3 FIrEE £9 F Jue i g
A =om0 sp2gk 2ok s Al bulk fil-
ling®] 7%l mAiF&o] Ates FAE
o uise F71A] HhgAtolof] 2ol Qldthe
BIE JATE*® Gary A. Crim*®-& incre-
ment filling techniqueZA %= 53959 7
Fole APAFHE WA FAse Wgo] ¥
L& WA A PHEg oARES
A FEAIG Y

2 A7NME boxF e} VA Hejo] 9%
EFA bulk filling®] Aol 7HF $3Ho)
A GAASFAEH ol bulk fillingd] H-$o
WA FEe] HAte FARE ek
A & 4 1) increment filling techni-
que 5| A< horizontal increment filling tech-
nique®] 713 -2 H) SHAAE B Yo, ob-



lique occlusal increment filling technique, ob-
lique gingival increment filling technique®|
oz An $IA7t FHIRE ok X
¥HEES WA FHske Aol g Gary
A. Crim®9] F33 dR3te Aotk

AR FHEEoR AF FAH
OE Aoz FEHe HIY /e
FAske Ao A o84 ZA= 39
FEA 8L HFY /FFAHE doda o]
Rol FIFEFS BT £ e AHogw
AT FFE G AydAe Kl
o3 S ZAart 9 AFHolge FH®
AAHL B Ao A bulk fillingo] 7+ 2He
Hof JF3EE B Aol A kR 49
2.2 ol A FFAd % AHE &
T A& Aotk F, bulk filling®} A¢-ole &
SHAYREG TEHE HAY 33 5 YA 9
o B2 FEA & o] gdoldn 7%
LARIRAA SEHA g2 g F42
g 22] gAAG 2ol 7t A7) wFol o] o]
AA de SN FEdTE 2 988

S Aoz AlgHY

Bulk filling®] 3¢ dlZo] 43 F¢d
o M 2 Hd$8S KA R vj3) g
374 increment fillingS FHEF ) &
HE B Aol @ olfFxE oHF #HIY
53 <3 Aoz A998 4 o &, inc-
rement fillingS A WA ST Fio] 423
T 9F9 UZEe SFE o] FA
Hol gle A F HA FHRES 34
37] W&ol S A g2 dFle] g dF 9
Aol FHERY] R o] JYHE=
el HgHo] BAIYUL & F US
Ao|t}.

e FEFFoR AT FAR i =
ge 2Rz AAEHL JYe Ao Aobd
A3 A28 Adelt. HIde vAHTEe
VS ZAATI L X3 X olAlel o] AfS
FAAZZ] A% 23 & 23 o8 7HR
gotd A7 Alag]o] = UR|FE opF
7HAE v AFES EolAe X3 lon,ww
AFE AL FAANE ¢ de BAdE ZE

L

[e]
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$8o] F713t ot Aoy AARANE
doZd ¢ gl EAH] HHYHAGH

B AP e bulk fillingolA 2} incre-
ment filling®l A ] & §-8 o] LA =0, obli-
que increment filling®] %o o & $¥o)
2AE ofFEE dFd AMeE FHES
3l7] W&o FAs e dol7t b2 271K W
(horizontal increment and bulk filling) 2.t}
AolzA AEez FFo] gol T
fEoz A= FHsHe REY Zolrt

< horizontal increment filling® bulk fil-
lingAtol ol M= $-& 9 Aozt wAdE A2 ¥
A9 F3AE L2 e FHHA
22 e 2 SdAAF) Y FFoE A7
1=

HZ A Folzitole] S-S vlas] BHH
F7HA e 4714 SATH EFA
‘gopdo) A SEo] WFAKRT H1 3.2 7HA]
A Jeiged ol dAAHcw #Ae ¥
FAo gk ZAfo] dotddd e ZHH
Bo Aiide AL A4 o FE5E ¢ sida
g & 9tk vz FElo gFolA boxEElS]
FFoA B o] & $Ho] BAHY=H o]
AL VA e oFolA HAAAY =)0}
g 7] oz Ay, =3 FHsE #
oA zFo] FHE d R FHHA
22 #HZ9 do] FEHEE A grot 4
gEez F7QEos WZHEC.

#e FHFFLE AT FAHA g
7t L 28 dd¥og YAy 5 &
ZFole Zolgta AZAHAT dAl dg A
Hu e "3 A% F e FTRFES
Bolng o 479 ARE EYE AFHEY,
e FHA 83 THE F Ue AW
A€ bulk fillingE AlPste Aol & A
olr, 9tF9| Zol7t UF Ao} o] FHo]
&3] o] FoX A RKdh= FHQ1 A 5-9E ho-
rizontal increment fillingg Al33}= He] v}

ZAE Aoz Az



vV.&8 &

Box¥ele] 957 erision/abrasion %<
VA E S o-Foll 47FA"8 F, oblique occlu-
sal increment filling, oblique gingival  incre-
ment filling, horizontal increment filling, bulk
fillinge 2 JFSEAINE F2HE o, A
FHrEoz g3 YAzt Xote} # Aol
Aol $8& A FIFLEAHE
o] &3ty FAg A o33 T dES ¢
Aot

1 714 5 g8 254 #7L increment
filling technique (oblique occlusal incre-
ment, oblique gingival increment, horizon-
tal increment filling technique) &2 Z 43t
AE FRFFoE 3 B YL
FHEZ FIXNE BFey ¥ Fole
Fadte A4S Eith

2. Bulk filling technique &2 3& % A%
de o] JdsHE TAd o] A
Z7tsle 4Ad Fiho] gxd T H1

S 1Yot

3. Box¥el2] 953 vz} FE 9 o5 2Tl A
bulk filling technigue®] 7}% #& Hu &
JXE 2Hoh

4. FAH ZAglo] VA FH g ofF M=
WG, FolAe oz HYSHAL F
7151528, Box¥ e 9 FelMe otz
A, HIFA AFotAY &£oz HuSH
27F Skt
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EXPLANATION OF FIGURES

Three dimensional finite element models (facial view).

Three dimensional finite element models (lateral view).

Midsagittal section view of model Al (oblique occlusal increment filling in box-
shape cavity).

Midsagittal section view of model A2 (oblique gingival increment filling in box-
shape cavity). :

Midsagittal section view of model A3, A4 (hoizontal increment filling and bulk
filling in box-shape cavity).

Midsagittal section view of model B1 (oblique occlusal increment filling in V-shape
cavity). ,

Midsagittal section view of model B2 (oblique gingival increment filling in V-shape
cavity). .

Midsagittal section view of model B3, B4 (horizontal increment filling and bulk
filling in V-shape cavity). '

Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model Al (oblique occlusal increment filling in box-shape cavity).
Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model A2 (oblique gingival incremenet filling in box-shape cavity).
Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model A3 (horizontal increment filling in box-shape cavity).
Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model A4 (bulk filling in box-shape cavity).

Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in-model Bl (oblique occlusal increment filling in V-shape cavity).
Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model B2 (oblique gingival increment filling in V-shape cavity).
Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model B3 (hotizontal increment filling in V-shape cavity).
Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred in model B4 (bulk filling in V-shape cavity).

Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred at enamel in model A (box-shape cavity).

Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred at dentin in model A (box-shape cavity).

Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred at dentin floor in model A (box-shape cavity).

Mesiolabial view of tensile stress distribution pattern when maximum tensile stress
occurred at enamel in model B (V-shape cavity).

Mesiolabial view of ténsile stress distribution pattern when maximum tensile stress
occurred at dentin in model B (V-shape cavity).
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ABSTRACT

A COMPARATIVE STUDY ON THE COMPOSITE RESTORATION DESIGN
AND PLACEMENT METHODS USING THREE DIMENSIONAL
FINITE ELEMENT ANALYSIS

Jung-Taek Lee, Soon-Ho Yim*, Ik-Tae Chang

Dept. of Prosthodontics, School of Dentistry, Seoul National University,
Samsung Medical Center®

Clinical application of composite resin recently draw great concerns in dentistry. Especially
due to advantages such as esthetics, adhesiveness, simple clinical procedures, various shapes
and kinds of composite resins are widely being applied to prosthodontics, conservative
dentistry, and orthodontics. But, clinical problems attributable to the polymerization shrin-
kage of composite resin have been proposed, and we have to regard clinical problems
such as secondary caries, loss of restoration, fracture of the surrounding tooth structure,
marginal discoloration, and tooth sensitivity, and many portions are remained to be over-
come. Therefore, this study attempts to analyze stress distribution between resin and tooth
structure which is generated during polymerization shrinkage of composite resin using
three dimensional finite element method.

Three dimensional finite element models with conventional box-shape cavity and ero-
sion/abrasion type V-shape lesion cavity in upper central incisor were developed. These
cavities were filled with four different types of placement techniques. (bulk filling, horizontal
increment filling, oblique occlusal increment filling, oblique gingival increment filling) The
stresses generated by polymerization shrinkage of composite resin were calculated. The
results analyzed with three dimensional finite element method were as follows :

1. The increment filling technique showed the highest maximum normal stress in both
conventional box-shape and V-shape cavities and showed a tendency to decrease after
complete polymerization.

2. The bulk filling technique resulted in increased stresses during the curing process in
both conventional box-shape and V-shape cavities and the highest maximum normal
stress occurred after complete polymerization.

3. The bulk filling resulted in the lowest maximum normal stress in both box-shape and
V-shape cavities

4. Regardless of placement method, in conventional box-shape cavity, the maximum normal
stress increased in dentin floor, enamel, dentin sequence and in V-shape .cavity, the
maximum normal stress increased in enamel, dentin sequence.

Key words : composite resin, polymerization shrinkage, three dimensional finite element
analysis, stress i
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