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Abstract

The objectives of this research were: 1) to study the efficacy of different light-curing protocols on microhardness
and degree of conversion of two high viscosity bulk-fill resin composites (Filtek™ One Bulk Fill and Tetric® N-Ceram
Bulk Fill) and a conventional resin composite (Filtek™ Z350XT), and 2) to evaluate the correlation between two
variables. Ninety-six resin composite specimens (size 2x4 mm and 4 mm height) were fabricated in vitro from class I
cavity in extracted human molar. For each composite material, specimens (n=32) were divided into 4 groups (n=8)
according to light-curing protocols (group A: occlusal 20 s, group B: occlusal 40 s, group C: occlusal 10s + buccal 10s
and lingual 10s and group D: occlusal 20 s + buccal 10s and lingual 10s). Degree of conversion of each specimen
was evaluated using the Raman spectroscopy technique in two depths (0 mm and 4 mm depth). Microhardness was
evaluated using the Knoop microhardness tester at three depths (0 mm, 2 mm, and 4 mm depth). Data were analyzed
using three-way ANOVA, one-way ANOVA, Games-Howell post-hoc test and Pearson’s correlation at a confidential
level of 95%. Light-curing protocols and depths affected mean degree of conversion values and mean microhardness
values of all materials significantly (p<0.05). At 4 mm depth, when both of the bulk-fill resin composites were cured
by the group A protocol, mean degree of conversion values and mean microhardness values were significantly lower
than the other curing protocols (p<0.05). Similar results were found when curing of conventional resin composite at
2 mm depth. Only group D of Filtek™ One Bulk Fill showed acceptable depth of cure. Microhardness ratios and degree
of conversion ratio were correlated (p<0.001) in all materials. In conclusion, an appropriate light-curing protocol depends
on the type of product being used. An additional curing time from the manufacturer’s recommendations may be

advised since it can lead to higher degree of conversion and microhardness of materials.

Keywords : Knoop microhardness, Degree of conversion, Class Il cavity, Light-curing protocol,

High viscosity bulk-fill resin composite
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Figure 1 Diagrammatic presentation of resin composite specimen’s preparation (1.1 lower first molar 1.2 the occlusal surface of

tooth was horizontally cut down to deepest part of the pit and fissure 1.3 Class Il cavity after cavity preparation)
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0 mm depth (Top of specimen)

2 mm depth

4 mm depth (Bottom of specimen)

o

JUN 2 uanstuandsdunaulndnnigvaniioanuinlwseiuuas

YtaiimTinUsian nianediefuaza e
5zw”ugﬁmﬂww§w7u

Figure 2 Resin composite specimen after removed from cavity
and the areas that were measured degree of conversion

and microhardness
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Table 2 Mean microhardness values of each light-curing protocol in all materials

Mean (SD) of microhardness (KNH)

Materials Light-curing protocols Depths (mm)
0 2 4
Filtek™ One Bulk Fill A 98.41 (3.86) ™ 77.02 (3.41) 62.56 (3.31) <

111.69 (3.22) *
105.70 (4.61) **

105.85 (3.19)

77.93 (4.75)
83.60 (5.91) "

93.14 (3.80)

69.06 (3.80) 5
72.46 (3.47) =

84.92 (6.09)
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Table 2 Mean microhardness values of each light-curing protocol in all materials (cont.)

Mean (SD) of microhardness (KNH)

Materials Light-curing protocols Depths (mm)
0 2 4

Tetric N-Ceram® Bulk Fill A 65.01 (2.43* 54.78 (2.56)* 41.12 (5.20)™
B 83.94 (5.43)" 70.78 (5.62)" 53.47 (3.77)"

C 77.78 (2.23)" 66.65 (1.82)"° 52.17 (3.11)%*

D 83.23 (3.08)" 70.47 (3.09)*° 56.10 (3.50)

Filtek™ Z350XT A 88.86 (5.24) 69.90 (4.18)% 43.32 (4.69)"

B 102.41 (3.18'* 83.08 (5.15)" 47.85 (5.58)"

C 98.35 (4.33)"* 84.82 (3.74) ™ 43.99 (3.92)"

D 104.41 (4.30) ™ 88.73 (2.85)" 52.49 (4.44)"

Group with the same uppercase letter in each column are not statistically different (p>0.05)

Group with the same lowercase letter in each row are not statistically different (p>0.05)

AI5NI 3 UANIANRAYUSUIUNISIIANEAILDTYDIUAAY T5NTA U U TUITUUI AL HAH AT

Table 3 Mean degree of conversion values of each light-curing protocol in all materials

Mean (SD) of degree of conversion (%)

Materials

Light-curing protocols

Depths (mm)

4

4

Filtek™ One Bulk Fill

article in press

52.35 (3.61) ™
56.47 (3.56) ™
51.94 (3.74)%
54.40 (2.84)

44.43 (4.57) %
51.98 (3.45) *
45.87 (3.60)*
50.42 (2.16) "

Tetric N-Ceram® Bulk Fill

48.52 (1.68) ™
52.22 (0.92) *
44.99 (1.08) ™
49.27 (1.04) **

36.69 (2.31)"
45.93 (1.87)"%
40.79 (1.74)"
45.62 (1.82) *°

Filtek™ Z350XT

o N @ » O N @ » O N @@ >

57.01 (1.26) *
56.99 (2.37) **
52.78 (2.47)"
55.94 (3.11)"

4452 (1.71) ™
47.32 (4.96)
41.59 (4.13) ™
44.44 (5.90)

Group with the same uppercase letter in each co

Group with the same lowercase letter in each row are not statistically different (p>0.05)
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Percentage of bottom-to-top microhardness ratio
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Figure 3 Percentage of bottom-to-top microhardness ratio of specimens in all materials

Percentage of bottom-to-top degree of conversion ratio
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Figure 4 Percentage of bottom-to-top degree of conversion ratio of specimens in all materials

anUs1gNanISAN®EN

msysaziiulaensdlurasnieiansiuneulndn
Tisvaunrudisa desiileialadsma o fdsuasenanmns
ysaglaenrngluitundiiinnududeu” laedsunansie
a 5 & v = aAa o w A = a
wodwesi Jutadenilenianuddy e nUsumsia
a st 1o o 6 va ' Y )
wodleiiliiisne vilvitinsUanddesansluianeenung
gesUndsensursdafinnudufiviazaninsonsumsuives
HUae' Bnvsdainlitanysaelinuauiiniinauasauau i

nameamiiiasazdmaseagnisiiiuvesian Tned

nsAnwneunthiinuinfagsduneulndniuiinanisiin

wodweseglurieionay 53-87 Mendinisanguas’®
Myiavsinansiianedwesvesiansduneulngs

v
a o a

TYIENTIANININTIWALN90DY dnSuNSAnwTEeN Y
3F3ansianedwesiuunasauns nsineANULTaRISEAU
qan1pvesian FimuimnaeuwdiavesTangavanetid

Chinniyomwanich et al., 2022 413

oI

ssaxd ur 2



article in press

Usnaumsiianediuesiigs” wenaininmsinaianuudei
annsadtluAmwmmanuantunsudesianld aannsm
FMEIUAMUUTIRIA YA IR DALV UYL ULITTUADLINER
Inednsnaiusovay 80 totdumfseusula™ Ineisidaay
WiUGIMNNIIBN5YARI0E14TaR (Scraping method) A
wnsguleeale 4049% NenaviliAnnisussliuanudntu
1 CY U a & a yzl = d’lv 174
nsuNfvesTanuniuANTuasela” wagn1sAnw gl
3%'mii’mﬂ%mmmiLﬁmwaaLua%mqmﬂﬁmmmaﬂ%mm%m
NoAWasNAATUMNASIeaNU LT USpsaLlfNATISIUY
analasiiwesnendendnnislduasawesliunseiulluana
AANISAL 2NTULATDIL09L INANANLTLYBEIRINNTNTLLI
' A A % I | o
wuUsUluseuemeauiaulalnaeanudumaUnn L
FeiansgunaulndnanalinsinAnmnuudyayiusunu
ANRINNTFUVDINUSLLUNMLATLAR (AU LavARUNAY
1640 WURKIATY) NBULALUAINSIANDAWDS e s TlasY
AsgaNSUEINIsInUSUNSIanedweseanuleaens
wingay 2 fatiu N1sidenltisnisinUsunanisiianediles
MeRsarnedeusMANNITUSnumsfanefiuesuay
AantivInavesTanuazanunsaunlulszgndldmenain
4 = = = Vao] U :.: 1 o 22
1 Tnefinarenisinyndenidisnmsiansaesguuusiuiu
= oy fala a a
ns@nuilaunusywdninseseulnsailuyie
N < a e & ° & a a o
Papaduwdiiumn Fadunsinas@unusdunedlndnlilnalfe
¢ aa g3 = & ' o A
A0UNSAN9PATINZ Fanavasn1sanwtinuI Uasendana
| Ay o W aa o a 2 a | a
DYNUUYEIAYNINENA (0<0.05) HDANAALANUUTIN AL ANRRE
USuaunsiianedwesuesduanuunange 2 Jadenlavinnig
finw Ap Yadeananuanuasuy kasladeannisnmsanewes
U a a a C% fa 13 Y YV =
TanusTuneulndnvilavanasgniaunlviaudn
TunSUNANUINTY LHRINNNITHAILIEIUYDINBUBLUDS
(Monomer) Jandauwnsn (Filler) wagauALlusauas
(Translucency) ¥¢7a0 i lkasanunsadesdauTaaEIuEn
Y933an A unsinisldansisusuufizendieuas (Lisht initiator)
eyl Wy Teliwasu (vocerin) NIRBUaALBIRB NG UIINLE
% ' 5 a . 0§ Yo  a =
Ifaendnuaumlasailuu (Camphorquinone) vl aniiaauan
Tunsuusanndy’ egslsinny luksasnansusidsusenau
Muansneiu NesesSinaesiandaunsn Ussinnuazgusn
Y9iAndaLNIN YHAveINaUBIET UavansSuAUUATeN
mewad Jasemaniionvdmanausununsiianedwasiay
1 & a U 9/24 = C’l’d Y A U a a
AAMULIRITEY ARl Msfinwildslaidenanuduneulndn
A o fa & 1 aa P a o '3 ° =
yinUaaiadnauniaumilags 2 #andueiuinising

&

Ao NawaTulariaduasmysniouwelsuvanilad

414 J DENT ASSOC THAI VOL.72 NO.2 April - June 2022

= = 9 = Y i
nan1sANlLEIdadeNANUENYBTUIUNUD
TanusTumeulndnluynudnsiaslsndonnuuldiuasaiady
Ysuansiianediuesunnaneiusg WidudAgyneans
(p<0.05) lunnszauanudn lddnasyinisanauaieisle
TngtuTagfilsziuanudnunasiianaruudiiuazAade
Yinumsiiawediuesiianasdenndosiun1sfneives Comba
uazANy (2020) MWuNTanawesAIANLTivesTuIY
suneulndnnusEAUANNENTINNIW Bawsmassunelaan
NSANYINOUNNTINUIT NAINUKAIVDIATDIRNELEINEDY
ludadnanvesianazinmainumasiliusuiunisie
wodlpianaarevdwanoIANUTRY® diunsidonis
NIBLENTINZaNslAuE ALY Lo IRRWA 9 ULANLIA
wiesweiiazviliianiududniianisiusauudauswmnzay
Aunsldnunielutgesdin?
TuFestadeainisnisansuas Ineiansalenau
' a v saa = | A U o fa  saa
usiazNanAnNIEenUAnInUINamATuTaATaaniins
meuaamenuuaRsiluszeznm 20 Tundisauiunmsanouas
Winumulnaliu 10 Juiikasanulngau 10 3undl (ngu D)
a a a aa A a a 2 a A & =
TUseanSnmAnanme Tanadennuulelnuniiganananuan
2 wae 4 Tadunsiarinnninisnenaanguduegnaited Ay
aa a L% Kdy a o Y a 4 o U
N19&nH (p<0.05) Ifﬂ&Jwamm%umauwmmamlﬂLLuxmm
AISANYLEIRILLASDINULETIIANUTLLENINATN 1,000 TadTns
AR NIURALATIAUANBLEINIPUUALRAET 10 TSRy
nMsReuadiudnaulnawiy 10 Juniiuazaulndau10 Jund
(ngu O Auileswe uanan1sAnwinuingu C enafiuszavsnm
a1 oA N | = a a Lo Y
nlidiganelunisuudrianiaudn 4 fadwns wudeiu
| oaa v & =~ 1 a I3
naunEnseRasuUARg Vel ieauRe L TuT Y
a1 40 ¥l (ngu B) Niflszeziainisanewaavindungu D
usnuiAnedsauuliafianndn 4 Sadwestesnin
= DA A a a a 5l = a a
fALeasUSIIUNSIAANeAWeNAUEN 4 Tadlung
Yo9ngu B wazngu D Miflanuunnssiuinig e19e5uie
v A a o X o v = Y =3
Iaannisiindndaugignimunlviianufivvesianuiniu
NNMsURABUARYEEnMYILEY (Refractive index) Taus
a a sog A v v a
naianediues”® welilanuaesaulndfssiusssuya
A o I a a a o sa o Ao a
Wasuiuiansduaeulndnviindartiadlnenalunding
ANUlUsasge Jansidaniianuiivunniuenavinliues
Aan1sdesiunarnszngluvinnlaesevvesianlitosas”
NNTAULAIVIAUT LRI AL Ao 9D 9dU69 9 VD9
TanldunTuuazlifundanuuniuainnisissesvesate
nNsrUaNLATEIRELAINSIARlUAINNENIINNIPUUALRAELD



= Yo a W X 9 = 9 ) =
FdamaliTaninnTuNiminAy Feaenndesiunsing
293 de jong WazAE (2007) INUITITNITAUULENAUUALALY
SufunsanguameeuiadnseiiuiuAnlunsysae
Inssiturilaniaesmetansduneulndnvyilanuataansayie
inAauuaRavesiagdefisuiuisnsaneuamneiu
UALALLNEIDE19LAE™ A9tU TN1TAIELENAIUTI9T84
Tnsefludiiudusuay 10 Junfionaldrutiaiiuaaundan
YINANS NS
Amumvis N U BUSHUAA IR NAI UL DITUINY
PAMUANTUIU 0 TAFUNT AUANTUINY 2 LadLUATHAY
AVINENTLY 4 TaFluns NUIBuNUNgTiinsaeaiany
unAgvesituiisainufeuluszezna 20 Uil (ngu A)
a a & a v a P Y] | | aa A
fannduanuulainteeiian Falesninguisnisanguasduy
| AU o w aa A oA I’ @
DYNUUYANNYNEDR (,o<0.05)ImmﬂquaulmmmLmﬂmqﬂu
WaRansanieaadeUsunumsiianedwesnanuantuanu
a a [ U 1% U = 1 = a
4 fadwnsnivinagenndesiu Ao Nsateuaingy A dusunu
nMsianedwesiosNanuasnuINNINLLEINGL B Uay
nau D fidnafsUsinanisiianedwesunnniinisaiguas
nau A uay C agnalitdAgvneada Jaonnanlaindade
WNEINUITNTRN8EBINAR AT SEeznaTUNTRNBLES
D19AINANDNITHNANDALLDS LPUINNINAANIIVBINITAULES
=& a Y o 3 a o & o
FeasureleantladuesrusenauvaNandiue annsUsy
waualeswarIandaunsnlivanyausenisiuveduadly
| e 1Y) | Yo a | 31 =
duianvesian dwaliianinnulusaasnn’ 891nms
FAnwuee Kim wazeny (2014) AnuAuduRusSIoIAY
TWssasuazauuliivesTaniie” wazdnladenisens
WeannnuaadueiiinisldansGuiuuiisemeuassin
Tniide Tolwesu Faduarsinouaussandaanuainwadls
genduaunesailuy InenislaasSudulisenseuas
PANYRATIUNUNANAN A ATV MANUYNARUNT N HD
KEINI19U 1AL IABLALALIIN TN UALDIN DI LA
Py £ 33 = oo v A a Aaaa
TeunnTu® nsAnwilleaenlinsseanunassinLeadnni
ANEIATULARNNNIM AN AR WegluTANNEIATY
385-515 W UIASTLINSASLEE LY aglaud g
fugeanuenAauretlelweiu Ay NTIERUMANET
namuhlvikasaninsaieunanuesianlad In1sneuaues
| X ) < v aa | Ao
AouaunnIu fruiiulianIsnmaienaingy B Nlssey
naekaUIUdNa AR UM sIAinneAlasae weilu
nauiinsaewamsuisumelussegawindulild
danaliianiiuiinanisianediuesigeu

Tlawmpuan350iendiiduiansduneulndnuiinduiy
gnimualidunguaiupudsauiioguuiliuesnnuuled
kAT USINUNSIAANE AL DSUBIARLISNITRLLET WU AW
AYINEN 2 Tadns n1sR1euaengy D dAedenuudarag
A = | | | Aw o @ aa
ViR FINNNNTAYHEINEN A DENNUEAAYNIEDA (0<0.05)
willuAnANa9INNEx B uaw C uifinuanvestiueu 4 Taduns
nnnauisnsaewalifinnuwandsisiniaioninuwdei
wagAadsUSinuninnediuesegilitdud Ay nisana
(p<0.05) o1ananlaanisnisanglunsagiddemaisnanudn 2
Taawmsiawauasanaldlufenainudn 4 Tadwns Wesan
waNaluiEInNLANANTesUTEINN T UL nER A
oasuglunauntin 9nANAINITUUANUTIN TTATRELES
danaraAduANuLlRtasARAsUSINMN S RAND RIS
Tunwdnsiosn sndiuiianugn 4 Tadwnsvediiamaugn350iendi
= a a = Y A = A a a |
e asauufgiunisnyvevils uazliniUSouiieuluus
SEFUTUAIUANANUAIULANAI VDI IALRAAINULT IR

' a a a ¢ A a | aa
wazARATUSINIMSIAANeASHlasUluwAaE TN UL
YosnuandueiIsfiasanuRgiun1sAnyteniaewine lny
AMSANBITNUAMNFUUSTE N9 NTIFILANULT SRINEE
é’mndauﬂ?mmmmﬁmwaaL:ua%mm%umumﬂnﬂwamﬁmsm”lﬂ
Tuiirmaifeniueesillud Ay vneada (0<0.01) BedonAaDs
TUAUNSENEINDUNTN ANUANUFURUSTEI19ANULT 97D
warUsuansiienediwesvesiansdunaulndn Feesuneld
AINTLFUNEINUIINLAT IR UMAIENUNTOAINARDAIULDIR
YoeTaaNIUUTIIMNSAANe AW TR AsluauuRgny

= v A = a LW
nsAnwdenamgnUasiduiy

WaRasandnsduusinansianeaiesvaduany
MIAUEn 4 fadunsrondnudn 0 ladunsvesiansunaulngn
yiaUaATaaNI 2 nandine FEn1smewamnnguiiAuinnd
$p8ag 80 wrdMTUSTIEIUANULDIRIN UL s TamATuTaA
Hadluisnsanewasnay D whiuilidndumnniieeas 80
FINNRNTU AT ASIEUUTINUNSAANEABSIEIALRY?

2 L n e My qvamy e e
ATYLATIUTUIUNAS 2 HARA il T lrunTuSunu
msianedwesnaudn 4 Tadwnsiiieme egelshmuian
A 1 ' = Yo X
ngnysagludesindentlondldsuussunifeuazagluanm

v Ao g a a a I3
windpNiiANNAL innsAsuLUAwB g ks ATy
NIAANNBLNABALIAN NTAANTUTTEZNNTUNFIVRI TaRUADY
HANA91IIAITRINTUIIORTEIUUSUIUNSIAND RS LAY
é’mwd’gummLL%aﬁaﬁL“T;Jué’hLmumm@mauﬁamqﬂamaﬁﬁqéh5135
Fatanusiazndndaanfinisldavsunanesasdaunsnlivingu

Chinniyomwanich et al., 2022 415

[PnJe

ssaxd ur 2



article in press

W vsnieuweksuaAlaaiusnaiandaunsniosndn
Tlameutadilad Rauiumapalunsldanssaunsniioras
dieliuasihuldinntuufvhlinnuudusmestaganas®
FethunandusiAianduUinansfanedueiiudesas 80
wisnsdunuudeilifisforas 80 onafeefintsaudends
MImELATIIINE AL 1IN I LA TINEN AU TN

Y a

Auanue AN sUNTIoEiuT uaziFenldaumanadn
a1932dlnTz 33 wu Benltlulwseilurwalillngauiulunie
hj%’ULLiwm?Tzrmmﬁ’ﬂLﬁaqmﬂi’a@maﬁ@mamﬁ’ammaﬁlﬂ
gannuifezfiuTinumsifanedesfifivme
nafnwilifunsmeasuluesufoinsiane
Usinanmsiianedue itmimsuasmeden edlitodiin
Tuesmsaosanngnlinuasidutesiin uagnsfnwiil
orvazlianunsnusunumesagluusazssamildan
desnnidenldtanstunoulndnunviavsn 3 dndtos St
nsidenlinuianstuneulndnlurennddiladuduiives
ailafswenanmsiinsantadvandsnmunisiienediues
wagmanaudaiage Wy AuanTRBnadusuesian Ay
NnMsuRfIvastanAevdinsatsuas adnadosionns
yanuiluls ognslsfionu nsfnwnildwuinsysuelnseiy
vilsiaosneTansdunenindnsliavadiladnauiidinnmiiags
Sufuirdesmeuasiifinnudiuuaslidosndy 1200 fadindse
MamLRBImLaIs NI oLasTINE au A UNERauel i1V
Yangiussavsamlunslfoumendinld il mnguuuues
Tnsefluiianuunnsrsoenly iy Inssitulinnalvgiaseunguity
vanesy firnudninn vieenatigUassaivihliaenszuen
wiesaeuashiasnsalndiulnseiuld enadesdimsusuaey
Frsaouadingaunniy Jaduiiimiafiagiing
Ansieluhguuuulnssitufiuasuutadlmsiitnsaneuas
agulstinnerilvianistuneulndnviaadiiadimanuules
wazUSinunsiinnediuesiiismelussernanivanza
sfansfnwneeddnluewas

melitostaesmefnuiinui Bmeanouaduna
sereAsmLLdsiasEiuganALaLALRAsUTINMNSLAR
wediosveusarAnfae e TBmaasuasiduuaifen
vasihudissiuientussezian 20 Tnfivesiansiuneulnds
yintadfladis 2 waninsiinnudn 4 Sadwnsdinuede
mnuudeiasziuganmaLuuyULazAadsUSnansiin

416 J DENT ASSOC THAI VOL.72 NO.2 April - June 2022

oA stoaniBnsasuanduiusasnuwnliuilutan
siueeslndnvindafuiniudn 2 fedwasduiu fudu
Hafefituagiuusazndnius lnefifodlamafuladfiadi
aeuasngy D Ailaudnlunsuniitvensuld suviedony
PnudiusEndumedsanuuddiseiuanauadnsdu
AadsUinunianedwesfimmudntumy 4 Tadumsse
AU 0 ﬁaaLmﬁmﬂ%quuLs%uﬂaquﬁmnﬂwamﬁmsﬁ
FdunsaeuaseiriomsuagUiuundaugdlunisysmg
TnssiluviiafiansneTansdunsulnanenasesiionsanly
W NEAFUNARSS BNRaNSANY ARSI TR ELAS
dsdsnAuurwesUIenEE esmnwuinisaeuas
ﬁum%yua'awaiﬁi’a@ﬁﬂmﬁmwaaL;J@%LLasﬁi’m'nuLL%qﬁqga%u

AnRNSSUUSZNA

VOUDUAM NA.NEY.AT.ATIUNS Funs1ae GVLviA

Uinwazuugtiunsldadialunuide s3uds ag.nadnus
Juneas uas uA.aNaM yawdn Mnaudmalulagdidnvselingd
uagaoume s AT ulunstemaeiiidesiunsly
wiosdlelumiAdondedl uasidminiionaudifoiusagemans
AuzTiunLIvErans Pnasnsaluminendeynvinuilsiaa
ouATilarswsAnuazmniunslfietosilelumiated

LONE1SD19D4

1. Mackenzie L, Parmar D, Shortall AC, Burke FJ. Direct anterior composites:
a practical guide. Dent Update 2013;40(4):297-9,301-2,5-8.

2. Sabbagh J, McConnell RJ, McConnell MC. Posterior composites:
Update on cavities and filling techniques. J Dent 2017;57:86-90.
3. Yanikian C, Yanikian F, Sundfeld D, Lins R, Martins L. Direct composite
resin veneers in nonvital teeth: a still viable alternative to mask dark
substrates. Oper Dent 2019;44(4):159-66.

4. Campodonico CE, Tantbirojn D, Olin PS, Versluis A. Cuspal deflection
and depth of cure in resin-based composite restorations filled by using
bulk, incremental and transtooth-illumination techniques. J Am
Dent Assoc 2011;142(10):1176-82.

5. Park J, Chang J, Ferracane J, Lee IB. How should composite be
layered to reduce shrinkage stress: incremental or bulk filling?
Dent Mater 2008;24(11):1501-5.

6. Sampaio CS, Garces GA, Kolakarnprasert N, Atria PJ, Giannini M,
Hirata R. External marginal gap evaluation of different resin-filling
techniques for class Il restorations-a micro-CT and SEM analysis.
Oper Dent 2020;45(4):167-75.

7. Rizzante FAP, Duque JA, Duarte MAH, Mondelli RFL, Mendonca G,
Ishikiriama SK. Polymerization shrinkage, microhardness and depth of
cure of bulk fill resin composites. Dent Mater J 2019;38(3):403-10.
8. Cidreira Boaro LC, Pereira Lopes D, de Souza ASC, Lie Nakano E,
Ayala Perez MD, Pfeifer CS, et al. Clinical performance and chemical-



physical properties of bulk fill composites resin-a systematic review
and meta-analysis. Dent Mater 2019;35(10):249-64.

9. Catelan A, de Araujo LS, da Silveira BC, Kawano Y, Ambrosano GM,
Marchi GM, et al. Impact of the distance of light curing on the degree
of conversion and microhardness of a composite resin. Acta Odontol
Scand 2015;73(4):298-301.

10. Yu P, Yap A, Wang XY. Degree of conversion and polymerization
shrinkage of bulk-fill resin-based composites. Oper Dent 2017;42(1):82-9.
11. Salz U, Bock T. Testing adhesion of direct restoratives to dental
hard tissue - a review. J Adhes Dent 2010;12(5):343-71.

12. Par M, Gamulin O, Marovic D, Klaric E, Tarle Z. Raman spectroscopic
assessment of degree of conversion of bulk-fill resin composites--
changes at 24 hours post cure. Oper Dent 2015;40(3):92-101.
13. Yap AU, Pandya M, Toh WS. Depth of cure of contemporary bulk-
fill resin-based composites. Dent Mater J 2016;35(3):503-10.
14. Alrahlah A, Silikas N, Watts DC. Post-cure depth of cure of bulk
fill dental resin-composites. Dent Mater 2014;30(2):149-54.

15. Demarco FF, Correa MB, Cenci MS, Moraes RR, Opdam NJ.
Longevity of posterior composite restorations: not only a matter
of materials. Dent Mater 2012;28(1):87-101.

16. Putzeys E, Nys S, Cokic SM, Duca RC, Vanoirbeek J, Godderis L,
et al. Long-term elution of monomers from resin-based dental
composites. Dent Mater 2019;35(3):477-85.

17. Demarco FF, Collares K, Correa MB, Cenci MS, Moraes RR,
Opdam NJ. Should my composite restorations last forever? Why
are they failing? Braz Oral Res 2017 Aug;28.31:56.

18. Xu T, Li X, Wang H, Zheng G, Yu G, Wang H, et al. Polymerization
shrinkage kinetics and degree of conversion of resin composites.
J Oral Sci 2020;62(3):275-80.

19. Torres SA, Silva GC, Maria DA, Campos WR, Magalhaes CS,
Moreira AN. Degree of conversion and hardness of a silorane-based
composite resin: effect of light-curing unit and depth. Oper Dent
2014;39(3):137-46.

20. International Organization for Standardization. 1SO 4049:2019
(en) Dentistry—resin-based filling materials. Geneva: I1SO; 2019.
21. Flury S, Hayoz S, Peutzfeldt A, Husler J, Lussi A. Depth of cure
of resin composites: is the ISO 4049 method suitable for bulk fill
materials? Dent Mater 2012;28(5):521-8.

22. Zorzin J, Maier E, Harre S, Fey T, Belli R, Lohbauer U, et al.
Bulk-fill resin composites: polymerization properties and extended
light curing. Dent Mater 2015;31(3):293-301.

23. Erickson RL, Barkmeier WW. Comparisons of I1SO depth of cure
for a resin composite in stainless-steel and natural-tooth molds.
Eur J Oral Sci 2019;127(6):556-63.

24. de Oliveira DC, de Menezes LR, Gatti A, Correr Sobrinho L,
Ferracane JL, Sinhoreti MA. Effect of nanofiller loading on cure
efficiency and potential color change of model composites. J
Esthet Restor Dent 2016;28(3):171-7.

25.Comba A, Scotti N, Maravic T, Mazzoni A, Carossa M, Breschi L,
et al. Vickers hardness and shrinkage stress evaluation of low and
high viscosity bulk-fill resin composite. Polymers (Basel) 2020;12(7).
26. Harlow JE, Rueggeberg FA, Labrie D, Sullivan B, Price RB. Transmission
of violet and blue light through conventional (layered) and bulk
cured resin-based composites. J Dent 2016;53:44-50.

27. AlQahtani MQ, Michaud PL, Sullivan B, Labrie D, AlShaafi MM,
Price RB. Effect of high irradiance on depth of cure of a conventional
and a bulk fill resin-based composite. Oper Dent 2015;40(6):662-72.
28. Bin Nooh AN, Al Nahedh H, AlRefeai M, AlKhudhairy F. The
effects of irradiance on translucency and surface gloss of different
bulk-fill composite resins: an in vitro study. Clin Cosmet Investig
Dent 2020;12:571-9.

29. Gaglianone LA, Lima AF, Araujo LS, Cavalcanti AN, Marchi GM.
Influence of different shades and LED irradiance on the degree of
conversion of composite resins. Braz Oral Res 2012;26(2):165-9.
30. de Jong LC, Opdam NJ, Bronkhorst EM, Roeters JJ, Wolke JG,
Geitenbeek B. The effectiveness of different polymerization protocols
for class Il composite resin restorations. J Dent 2007;35(6):513-20.
31.Son SA, Park JK, Seo DG, Ko CC, Kwon YH. How light attenuation
and filler content affect the microhardness and polymerization
shrinkage and translucency of bulk-fill composites? Clin Oral
Investig 2017 Mar;21(2):559-65.

32. Kim EH, Jung KH, Son SA, Hur B, Kwon YH, Park JK. Effect of resin
thickness on the microhardness and optical properties of bulk-fill
resin composites. Restor Dent Endod 2015;40(2):128-35.

33. Kowalska A, Sokolowski J, Bociong K. The photoinitiators used
in resin based dental composite-a review and future perspectives.
Polymers (Basel) 2021;13(3):470.

34. Erickson RL, Barkmeier WW, Halvorson RH. Curing characteristics
of a composite - part 1: cure depth relationship to conversion,
hardness and radiant exposure. Dent Mater 2014;30(6):125-33.
35.Van Ende A, De Munck J, Lise DP, Van Meerbeek B. Bulk-fill composites:
areview of the current literature. J Adhes Dent 2017;19(2):95-109.
36. Rodriguez A, Yaman P, Dennison J, Garcia D. Effect of light-curing
exposure time, shade, and thickness on the depth of cure of bulk fill
composites. Oper Dent 2017;42(5):505-13.

37. Ferracane JL, Hilton TJ. Polymerization stress--is it clinically
meaningful? Dent Mater 2016;32(1):1-10.

Chinniyomwanich et al., 2022 417

oI

ssaxd ur 2



