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Figure 1 Shows parasolid type (.x_t) of three-dimentional tooth
model (a.) Enamel model (b.) Dentin model

(c.) Pulp model (d.) Tooth model
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Figure 2 Shows class Il Mesio-Occluso-Distal cavity tooth model.
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Figure 3 (a.) The 50 pm thickness of adhesive layer
(b.) The model for bulk-fill resin composites

(c.) The model for nanofill resin composite.




128  2.9wA.gauunn, UN 22 atufl 2 n3ngIAN - SWINAN 2562

Wasnmsiiansimesadeuisnludiofiams
Tidn1siimszAdmsunisramanujisewedines
Tsuen ﬁafuﬁaﬂizqnﬁmsﬁwamgmﬁgﬂ (Analogy of
thermal expansion) 3MNALBANFATALADTA WALINADY
nsiiaAatAwaInnsiinUjisenefines st dw
AIENITIATIENNITEINAIINTDOY N1TNARIZBIIAR)

sEuwnanlndnisgndraslaenisanaaasgungin

diwzaedngyINeAIEANIASEA (Strain) AasLiANTS
Wagnuuasgurd'® AIRBAINLATEANITRARIIN

caa o

msiinUfisewedineslsiadu asiinduwainaanis’

polymerization
o

polymerization

O AT
P

8 AMNLATEAIINNISLAAUSATEN

WoRLNBSLTLATn

o Ao dnUszandnisaenegmaannnis

\inUffsewedineslsiadulne

AN 0.005 FapIALZALTed
HIMSUNISARR T ILEW'

AT Ao gaungiifidewudaely Fadun

AILNWIDINITHAR LT ILT

A15199 1 uaRIAIHaRARaNNERNEY dnsdnilizes l,m:mimﬁm,ﬁaLﬁmaﬁa@lﬁ%%ﬂaﬂwﬁm 5 gRanbdlun1sIATzreeseideu

5 lusafunsuuy 3 J8
Table 1

3D finite element analysis.

Shows modulus of elasticity, Poisson’s ratio and liner polymerization shrinkage values of five resin composites that used for

Modulus of Elasticity

Materials

Linear polymerization

Poisson’s ratio

(MPa) shrinkage (%)
tAAaUN (Enamel)® 84,100 0.30 -
ol (Dentin)® 18,600 0.31 -
ladalu (Pulp)® 2 0.45 -
a158m5ia (Adhesive) -
(Adper™ Scotchbond™ Multi—purpose)g 9,800 028
Filtek™ Z350XT 6,693.69+182.53 0.26 0.51"
Filtek™ Bulkfill posterior restorative 6,314.38 +238.77 0.25 0.58"
X-tra fil® 8,461.37+£343.52 0.27 0.56"°
Tetric® N Ceram Bulk fill 5,385.88+87.40 0.31 0.61"
SonicFill™ 5,739.5+£137.53 0.25 0.68"°

£15199 2 waRIRaINN1sIAT1zraessdeuisiWludiefians

Table 2  Shows the results from finite element analysis

Von Misses stress

(MPa) Maximum principal stress in adhesive
Materials Safety factor
layer (MPa)
Enamel Dentin

Filtek™ Z350XT 216.47 81.08 33.13 1.31
Filtek™ Bulkfill posterior restorative 238.67 82.98 36.93 1.18
X-tra fil® 256.37 93.91 36.73 1.18
Tetric® N Ceram Bulk fill 257.29 88.56 39.39 1.10
SonicFill™ 271.10 92.90 42.78 1.01
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Figure 4 Shows the stress of Filtek™ Z350XT
(a.) Von Mises stress in Enamel
(b.) Von Misses stress in Dentin
(c.) Maximum principal stress in adhesive layer

(d.) Safety factor in adhesive layer
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Figure 5 Shows the stress of Filtek™ Bulkfil Posterior Restorative
(a.) Von Mises stress in Enamel
(b.) Von Misses stress in Dentin
(c.) Maximum principal stress in adhesive layer

(d.) safety factor in adhesive layer
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Figure 6 Shows the stress of X-tra fl®
(a.) Von Mises stress in Enamel
(b.) Von Misses stress in Dentin
(c.) Maximum principal stress in adhesive layer

(d.) Safety factor in adhesive layer
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Figure 7 Shows the stress of Tetric® N Ceram Bulk Fill
(a.) Von Mises stress in Enamel
(b.) Von Misses stress in Dentin
(c.) Maximum principal stress in adhesive layer
(d.) Safety factor in adhesive layer
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Figure 8 Shows the stress of SonicFill™.
(a.) Von Mises stress in Enamel
(b.) Von Misses stress in Dentin
(c.) Maximum principal stress in adhesive layer

(d.) Safety factor in adhesive layer

uniansal

nsanwiiisnaslnseilwadsiaf 2 wuulng
nans-uaLAe-lnanas tiasandesnisAInangas
Tnsefnawlszdafianannnin 2 fadiwasuasidn
Tnseituiifnsgafedusaiindofinmaudouseionasing
szldifinmndowsasalaseadnefunonsiomnuu iy
wazHtias A n1seanuuulnssingfiaf 2 # s1nse
Wisuiieuiunisanwdwg 18 Tnsarnnisdnulueis
wudn Tuiluilysuziaeiansiu renlndn fn1siin

ANNLASERTINNNSHAR Iz inUfSenwaRineslsiadi
wliAnusoruis dodnduwansiadnlldoniolnse
Wb 5nﬁy'\1€1’odwaslﬁmsﬁﬂﬁuﬂuﬁwﬂwmﬁuﬁnr;i”’;el”
uanmnf:mi‘nmﬁ’maai’a@Liﬁuﬂau‘[w?{mdwﬂmﬁm
AMHLAWUSIUINTIN® 1NRANNSANWINUITANNLAY
Tulwssis a1niagziadarAiagfiA1goninianie
wiluilad Inefanafialafiniad vnldAnaadu
Tulwseitwuazdwansinfaniniign Feflanudainsiu
mimﬁaﬁgaﬁqm Tneuindulusiuasafouiiuainnid
Hua09L oY Lﬁ;aw’mﬁﬂ'swﬁnguﬁﬁaaﬂdwﬁ”’mﬁa
il USuAwuILARRNEARINTgR TiA USaw
U539UUWITln 91nnNsAnwAinUILAagwan nﬁqﬂu%nm
WWIUFIIVLBIRTINARuLazrlnd1rdana 9wk
Twseiuanulngnans wissanluwuusians usaad
ﬁmwwmammﬁauﬁuﬁﬁaaﬁqwﬁm 0.2 HAALNAT
v wazegluiuniounisaasaailu aann1sAne
Tuofanuin Fusesnazonndauiluuaziiofn USm
pofwiin1sEadonazesindeuiuuazifiodwiingd
USLIME W ﬁoﬁmwL?imr;faﬂ'ml,mﬂﬁnmnﬁqﬂ*8
WONINNATINUITUSIULWIUTIIUTE ﬁwﬁﬂﬁﬂﬁwqm
rnu2oInkolnsoiln 2oziinnisinzaey il wievinl
VARAIHLAY Immawwxmwm”umml,ianmmnﬁqw2
ForiwAdauiinuSInisssansainn1saladendn
uSndn Beenainlugnsfiniiugnieseslsn ilald
Wwgusmaaiule’’ nannsAnwIdAusenRdas
fun1sinwas Haak wazaniz ludl A.A. 2003 Fewy
JuSmreuraAfaUTwnLAANsuAn3T iasen
n1siinnisvaianUiisewadines tsiadw®
wrnd9lsAan dwadauinaIn1sanwusonalaf
384 wnzUn8A1a% 9nAMNARTIRRERIeds Tawy
ASWANWNZDITWAREUT
WfiaSiAT1eFINKAaNISANEINUT AMAWAEN
gjaqmﬁaLﬂuﬁummmmmﬁuﬁamﬂmiﬁmﬁwmi’ﬂﬁ;
sBunanlndn WuIrAINIAWRANgIgAZD9THRLI T
ponlnAnaRataAfadiA1A1nI1Tags8n roxlndn
Ao ilad onalitassnannmsysaizieiagiiafinugn
350 \Bndf dwil 1 SATunmeesiige S1ianMaca
ot19Baszaneiagsiunonlndnduil 1 Fedonald




132 2.9wa.gauuin, U0 22 atufl 2 nsngIAN - SWIAN 2562

ANMARIAETINGIIW usnAuRdenuwlugduansEnfn
FwansBafnderinninfindreauis Aanudangu
STEaRANAWLA AT W WERESBARA AAALAWASN
gﬂqmmEf[,ui?maamiﬁmﬁmﬂaanajui’arﬂti%uﬂaﬂwﬁm
yRaUaRilaasr1ginIInguAuAN Ingluwinegsduwaan
Indnadtauariad lofinflas Ar1gegavinnu 42.78
LnsU1IEANA
Wadinszdansndwdaaasdeluiuwasinin
wuniaRnnaRaddIvUaenAENINNI 1 WAz IR 158
ﬂau'[w?{miﬁmfﬂdﬁﬂﬂaéﬁdmmwﬂaamﬁas’iﬂﬁqmvhﬁ’u
1.01 TnedmUaaadefimainndn 1 nanefoussiingssin
INUSILABAY HATRBENITAITHNWUSIRILENZBIFTT
gafin wiogrolsnein Iuiagusdunanlndnyiie
Tafinflag sinfidawlaondeailng 1 a0 e1afinnis
WANYa9TRENSEREA'S Sl Bousduduusiom
Wan9 ARTN E]’]?HL‘IG]%QE]L%Nﬂ’l’iLﬁﬂﬂT‘SLLﬁlﬂﬁJﬂ nnle
ANSUAMNLABTILANNINTRIINANSUALAEIZ WAz
winldansBafinfiinaanuusenefinnnin 43.41
wnzdraaa’® analugnisuanyinlagedn weanain
fganuinusunfifidnndiwlaoadesin agusiom
2aUaITRENIERER tasanizusaneauzasingeiln
fuUszdauazzausiuunzaslnseiin Feanainlug
nsifinsessadaanusasinaals deilanusenndas
fun1sAnw1289 Ausiello wazAnsl) A.A. 2002 ANy
ANNLARINIIRRAZas AR EuRanlnGn gnuanUaas
FaeAHEnngwansuansinin Lazn1siinsossn
NNLAAUSLIAIAUR T WUIBIERENERRRNDW IneLanIs
U%L’Jcﬂnﬁﬁuﬂuﬂuﬁmﬁug
naannsIAszRmeseideuds wludfiofiuns
TWseazieaninninnisiiasizinieiosu fuiinig
AIN1T0AATIERAIANARGIgATILARIWTIud RO
ALAZBEIUARIUBLERAE Bnvodeiiasnzwanls Tuuuy
{1800 ARANNAANAIAIINNITATENAIDEI L6
wiagalsnnINNTIRTzimeszdeuis Wl waiefiuns
T#muAnLazindniladenuiiorainduldlunonadin

AaafinTsAne I AaLANlwadinAazlwnan1sAnen

'
=

) ca o &
NHDARAFIDINUNTIAIWALNNNINAW

unagy

nnuamsiaeimesisuisiWlufiofiung
wuhAAaARLUUNaiEagegaTiAna s
wazAAHABANgsgalwina1sBaAaTiAnaINN1S
wasausinUfisenafinesisizduwlunguiansdv
poslndntariaairigoniingawiluaanlniaus
AanuAnaInaalinaliinnisunndnaaslassasnefiv
wazdusnIEnin

Ansn3IsNUIzNA

Y8YBUNILAM HA.AT.NNY.59H7 1836
dMMIUAUSNYINIETA 20P0URNNKIBITEA 1Y
N1500nuUULEINAaLaTAIASE1IIAINIINIASEINS
ANIAINIINATEAS NN NE1BaWLAY IRAIN
antAsIzAlUsuNIN ANSYS wazlsunss Solidworks®
ldlunnsfnunil wazniugan nadludan Wnsind
Uszdnaudlalasif anziuwaLwner1ans aniineias
nina fldANadIsmaanazs1wIgANEzAINTwATS
Ias0olalasdi

LONA1581989

1. Ferracane JL. Resin composite--state of the art. Dent
Mater 2011;27(1):29-38.

2. Campos EA, Ardu S, Lefever D, Jasse FF, Bortolotto T,
Krejci I. Marginal adaptation of class Il cavities restored with
bulk-fill composites. J Dent 2014;42(5):575-81.

3. Taha NA, Palamara JE, Messer HH. Cuspal deflection, strain
and microleakage of endodontically treated premolar teeth
restored with direct resin composites. J Dent 2009;37
(9):724-30.

4. Hilton TJ. Can modern restorative procedures and materials
reliably seal cavities? In vitro investigations. Part 1. J Am
Dent Assoc 2002;15(4):198-210.

5. Watts DC, Marouf AS, Al-Hindi AM. Photo-polymerization
shrinkage-stress kinetics in resin-composites: methods
development. Dent Mater 2003;19(1):1-11.

6. Kinomoto Y, Torii M, Takeshige F, Ebisu S. Comparison of
polymerization contraction stresses between self and light
curing composites. J Dent 1999;27(5):383-9.




KDJ. Vol.22 No.2 July - December, 2019 133

7.

10.

11.

12.

13.

14.

15.

Park JW, Ferracane JL. Measuring the residual stress in
dental composites using a ring slitting method. Dent Mater
2005;21(9):882-9.

Magne P. Efficient 3D finite element analysis of dental
restorative procedures using micro-CT data. Dent Mater
2007;23(5):539-48.

Ausiello P, Apicella A, Davidson CL. Effect of adhesive layer
properties on stress distribution in composite restorations—a
3D finite element analysis. Dent Mater 2002;18(4):
295-303.

International Standards Organization. Dentistry-
Polymer-based filling, restorative and luting material. 3“ ed:
ISO 4049;2000. p.15-8.

Kim ME, Park SH. Comparison of premolar cuspal deflection
in bulk or in incremental composite restoration methods.
Oper Dent 2011;36(3):326-34.

Chen TY, Huang PS, Chuang SF. Modeling dental composite
shrinkage by digital image correlation and finite element
methods. Opt Lasers Eng 2014,61:23-30.

Chuang SF, Chang CH, Chen TY. Contraction behaviors of
dental composite restorations--finite element investigation
with DIC validation. J Mech Behav Biomed Mater 2011;4

(8):2138-49.

Rodrigues FP, Silikas N, Watts DC, Ballester RY. Finite
element analysis of bonded model Class | ‘restorations’
after shrinkage. Dent Mater 2012;28(2):123-32.

Sakchuchawan C, Sukjit K, Pasasuk A, Puasiri S. In Vitro
Comparison of volumetric polymerization shrinkage and
microleakage of bulk fill resin based composites [Unpublished
master’s thesis]. Department of Restorative Dentistry,

Faculty of Dentistry, Khon Kaen University; 2015.

16. Sangwichit K, Kingkaew R, Pongprueksa P, Senawongse

18.

19.

20.

21.

P. Effect of thermocycling on the durability of etch-and-rinse
and self-etch adhesives on dentin. Dent Mater J 2016;
35(3):360-8.

Lee SY, Park SH. Correlation Between the Amount of Linear
Polymerization Shrinkage and Cuspal Deflection. Oper Dent
2006;31(3):364-70.

Goel VK, Khera SC, Ralston JL, Chang KH. Stresses at the
dentin enamel junction of human teeth--a finite element
investigation. J Prosthet Dent 1991;66(4):451-9.

Haak R, Wicht MJ, Noack MJ. Marginal and internal
adaptation of extended class | restorations lined with
flowable composites. J Dent 2003;31(4):231-9.

Dejak B, Mlotkowski A. A comparison of stresses in molar
teeth restored with inlays and direct restorations, including
polymerization shrinkage of composite resin and tooth loading
during mastication. Dent Mater 2015;31(3):e77-87.
Toparli M, Aksoy T. Fracture toughness determination of
composite resin and dentin/composite resin adhesive
interfaces by laboratory testing and finite element models.

Dent Mater 1998;14(4):287-93.

L5UlnYauUNAIIN

nIANG §23A7

121791 UANTINY TN
AIETHAUNTNEFTART NAVTNG 1AL
gunalieag 909IATawUNY 40002

[nsAwy: 0 4320 2405 #45144

Insa13: 0 4320 2862
IaNN1881anNnTaRing: nidchan46@yahoo.com




134 afiunganune, U0 22 adufl 2 nIngIAN - SuIAN 2562

Analysis of the Contraction Stresses During the
Polymerization Shrinkage of Bulk—fill Resin Composites

and Nanocomposite by Finite Element Method

Thinson T* Pholdee N** Sukjit K***

Abstract

This study aimed to analyze stress values in three dimensional (3D) solid model of mandibular first molar restored with four
bulk-fill resin composite materials and one nanocomposite material using finite element method .A 3D solid model of mandibular first
molar was designed using micro-CT data and SolidWorks software. Class Il mesio-occluso-distal ( MOD ) cavity design was simulated.
Four bulk-fil resin composites are Filtek™ Bulkfil Posterior Restorative(FBF), X~tra fil°(XF), SonicFill (FS) and Tetric® N Ceram Bulk
fill ( TNB ) For all 4 bulk-fill resin composites, the cavities were simulated to fill up with bulk technique. For one nanocomposite is
FiltekWZSSOXT(ZS50 ) The cavity was simulated to fill up with 2 horizontal layers ( 2mm each) incremental technique. Polymerization
shrinkage of resin composite materials were simulated by thermal analogy. Von-Mises stress in cavity, Maximum principal stress in
adhesive layer and safety factor in adhesive layer were analyzed by descriptive statistics .This study found that cavities restored with
bulk fill resin composites had Von-Mises stress and Maximum principal stress in adhesive layer higher than nanocomposite. Safety

factor showed no debonding area in adhesive layer.
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