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wiazvdineandu 3 nqueoy nguay 10 Fu lnanisey
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M99 1 dlsenevvesTaniiltlunisfnundl
Table 1 Composition of materials used in this study

Materials

Activa-Bioactive
Restorative

Cention N

Filtek Z350XT

Composition

Powder: Reactive glass (21.8 wt%), silanated bioactive
(fluoroalumino silicate) glass and calcium-sodium fluoride,
silanated silica filler (56 wt%)

Liquid: Diurethane modified by the insertion of hydrogenated
polybutadiene, other methacrylate monomers, modified
polyacrylic acid, and water

Powder: calcium fluoro-silicate glass, barium glass, calcium-
barium-aluminium fluoro-silicate glass, isofillers, ytterbium
trifluoride, initiators, and pigment (78.4 wt%/57.6 vol%)
Liquid: UDMA, DCP, Aromatic aliphatic UDMA, PEG-400 DMA,
Ivocerin, and hydroxy peroxide

Fillers: Zirconia filler and aggregated zirconia/silica cluster
filler (78.5 wt%/63.3 vol%)

Resin Matrix: UDMA, Bis-GMA, PEGDMA, Bis-EMA, TEGDMA

lUTneussingganvinlidaniianisuaniniiiayiun
AMUIUAIAINAIUNIULTIR (3UTN 1) Inedisivaviden
LAYITNSIULARTTURDUASL

Manu Batch
facture Number shade  Code
Pulpdent 210618 A2 AB
USA
Ivoclar Z02NCO A2 CN
Vivadent
Liechten
stein

Z00FWZ
3M ESPE NE51656 A2 FZ
USA

Abberviations: UDMA; Urethane dimethacrylate, DCP; Tricyclodecandimethanol dimethacrylate, Aromatic aliphatic UDMA;

Tetramethylxylylendiurethane dimethacrylate, PEG-400 DMA; Polyethylene glycol 400 dimethacrylate, Bis-GMA; Bisphynol-A glycidyl

methacrylate, PEGDMA; polyethylene glycol, PEGDMA; polyethylene glycon dimethacrylate, Bis-EMA; ethoxylated bisphenol-A-glycidyl

methacrylate dimethacrylate, TEGDMA; triethylene glycol dimethacrylate

Cention N Activa Bloactive Filtek Z350 XT
[ | [
Simple random sampling Simple random sampling Simple random sampling
(n=10) (n=10) (n=10)

|

|

Group 1 || Group2 || Group3 || Group4 || Group5 || Group 6

o0 cycle 10,000 eyeles | | 20,000 eycles 0 cycle 10,000 eycles | | 20,000 cycles

CNO CN10000 | | CN20000 ABO AB10000 | | AB20000

Group 7 Group 8 Group 9

0 cycle 10,000 cycles | | 20,000 cycles

FZ0 FZ10000 | | FZ20000

I

Flexural strength test

Statistic analysis

U1 wwdinsveaedlarnsuuingunmaaeswusiliavesiaguarnmdnaeddnulaensidsuiamaumgiilunsinuil

Figure 1 The experimental design and grouping of trials categorized by material type and simulated application through

thermal cycling in this study.
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n15esEUd U281 W3 ouT U 19AN
ﬂ”wLLu:ﬁwstfumauuas?%’mﬁ%muﬁuaﬁaﬂwaamﬁmﬁ
Usenguanivun Tnetdrianusazsiaundaadundvuy
ova3anlaiiivesinavuin 2x2x25 gnuiaAdiiadiuns
(gﬂﬁ" 2A) UAURIATUUUMIBLNUNaERN A Lagnalrluy
Fraunuiald (Glass slide) a1euassein3osnauaain
LA (Bluephase N MC, Ivoclar Vivadent, Liechtenstein)
Aifiaradunas (Light intensity) 800 a8 Tne/m15749
WUAAS (MW/em®) vuiadusigugnans (Diameter)
Uaneviovuas 10 fadiuns Inemefimddidaveund e
aeuasuRauruniala uasdaainiutusaogns vinis
Asuandaay 20 3undl wuudoustuiu (Overlapping
light-curing method) (gﬂﬁ' 2B) Lﬁ'afaﬂu'mﬁ’aauqiai
13 uiegseenanualuuy fdatandiuAusendae
Tuflaiued 11 Blade No.11) Javuadieindosinuuin
famealiasifly (Digital vernier, Hachi, China) \iofnTy
Feg1allvun 2(+0.1)x2(+0.1) x25(+2) Hadlung (g’dﬁ 20)

warATIIERUT UMY NN ElANdBIRansIAY dwnesle
(Stereomicroscope, Nikon Measurescope 20, Nikon, Japan)

o w

AN899878 100 11 LA 8AMLI1TUABE19N LU T TRELAN

viegnyuluilotan

nsugudaagng dituiegnaiikiunasin
Fontluurludinduiigungd 37 sseneadoa lug
naassaeldanngeuaugumgiuazauiu (Climatic
test cabinet, NUVE TK 120, NUVE, Turkey) WJunan 24
Falus mndfurunudangugoslaenisduogiedne anu
F1uruseuvreenisuyluiei osdasanisiud sunlas
gamgdlf 0, 10,000 uaz 20,000 58U wiT uireg9ly
\3esnanensAsunlasgungifeudunuuiduiome
im’mqmmqﬁ 5 uay 55 oaAwallea (Thermocycling
machine, TC301, Thailand) Iagdiszegiianusang (Dwell
time) 30 Juniiuazdszoziaa1nsiUABURIL (Transfer
time) gamgfiuu 10 Jundi swsiuruseudidvualy

uRazNgY

(8)

10 mm.

2(+0.1) (C)
5 ] [
2(+0.1)
L l& »
N ”
25(+2) mm.

€an
[=
=p.
N

AMSMTENTUMBE9L (A) nswdeudusnegnsluniliuveraian @uInludadiuns) (B) N15319AT09R18LANLAZNNTAN AN

Fusregawuutauriuiu (C) vuinvesdufagsiwseuiasa

Figure 2

Preparation of Sample Pieces®® (A) Preparation of sample in acrylic molds (dimensions in millimeters) (B) Placement

of the light-curing unit and overlapping light-curing on the sample (C) Dimensions of the prepared sample
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ASNAFIUAIIUAIUNIULIIAA NIYUFINN
asutaluninfuinud uiegdlundasngy ddu
f79819l UNAEDUAIANLATUNIULSIAR ETBNITNAFBUY
usadauuy 3 302 (53U 3) lagldins eaneaovaina
(Universal testing machine, Llyod LR30K, Ametex, UK)
ﬁmumswﬁwiwdwqmﬂmLﬂ?aqﬁa 2 ey 20
(+0.01) Aaduns uaginaAuLsa (Cross head speed)
1 Jaduns/uiv 9m351n15Muse (Rate of loading) 50
Tadu/unit (N/min) aunsestsd uiieg1ainnisuantin
Sufindussdageaaiivinlviguiegainnsunniin iile
i lUAIMAIAMUATUNULTR (O) AuEunIs

G:

F = Maximum load (Newton)

B = Width of the specimen (millimeter)

;‘ \
(A)

gﬂﬁ 3

N33z daya n1siUSeuisuaIAI
Fununsadasgnineianysazuiazyie Wor 1w
F1a09n15l79ulagn151UE sunvasg v d nns
Wisuifisumnusuuusadnvesianysasileniu
nsdasansldnulrensdsundasgamgiifisiuiu 0
10,000 wag 20,000 58U wardnSnasIuveviinvesian
ysauzAudunuseunisiiasamslénulnenisiuasuutas
QUNNIRDAIAINNATUNIULTIAR AIgaTANAROUAIY
wUSUTIU 2 119 (Two-way ANOVA) $34AUNITNAZDU
ANUUANEAeTENInag lngldaiiiuaualsil (Bonferroni)
fisyiurnudesiufesar 95 (0= 0.05)

3F1
2bh?

L = Distance between the supports (millimeter)
H =

Height of the specimen (millimeter)

NIMAGRUANNAUMMULIIFALUU 3 90 (A) Tuduiiegneass uag (B) Mwdnasinsnageu

Figure 3 Three-point flexural strength testing (A) Conducted on physical specimens and (B) Simulated test representation.
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W&

IINNITTAANRE BAUETUNIULSIAA (Mean
(D)) vosTanysazusazvin Werunsdassnsliny
ImamiLﬂéauLLﬂanqquﬁﬁﬁmu 0 10,000 ag 20,000
50U WU1 CN daniniu 108.25 (16.77), 88.37 (13.64)
way 89.92 (12.34) m1ua1su AB dAvnAU 102.34
(17.29), 71.93 (10.85) waz 60.68 (7.73) aua1du FZ i
AU 97.44 (18.22), 56.66 (19.63) Way 51.05 (15.65)
AEITU (919737 2)

NMSIADANITNAFDUAMUBUTUTIUADIN
NUBNTNATINTENINvlnvesianyInruaydTuIuTeu
yosmssnassnsldnulaenisiasundasgamgisen
AMUATUNIULTIAA (p=0.037) (M1579713) Tnenuidle
Hunssaesnsldnulaensiasunlamunnll AB
waz FZ dn15anadveeAnad sanud1uniuwssaly
femadertu luvaed ON fnisanauiieriunissiass
MswAsuLUasgaMaRT 10,000 seu uslliifinsanasues
Aadennudumuusade Weriunissiassnisldau
IﬂaﬂwiLﬂﬁauLLanqmwgﬁ 1 20,000 58U (g‘dﬁ 4)

a ' N ' = | 4 o v ' v o Y ' a do
M199 2 ALRAY FIUVYAUUNINIZIU UASTRNANULYDUUIDYAY 95 VBIANAITUATUNIULIIANUDIIETA Y TUSLATSYUANATUIU 0 10000

Lag 20000 s8U

Table 2
and 20000 cycles
Group Mean of FS (MPa) SD
CNO 108.25 16.77
CN10000 88.37 13.64
CN20000 89.92 12.34
ABO 102.34 17.29
AB10000 71.93 10.85
AB20000 60.68 7.73
Fz0 97.44 18.22
Fz10000 56.66 19.63
Fz20000 51.05 15.65

M31eit 3 WsuilsuAtedsmiumulsstavesTany sz
azwiln M3srasanislinulaemsivdsuuiasgang
fisousing 4 wazdvsnasmszinwiinuosiagysasiu
FuTaUTeINITIIasInstdnulaenisasunlas
gaungilagn1snaEpUANMLLUTUTILEDIMNS (p=0.05)

Table 3 A comparative analysis of the mean flexural strength
of various types of restorative materials (Type), the
effects of simulated thermal cycling at different
cycle intervals (Cycles), and the interactive
influence of material type and the number of
thermal cycles on flexural strength. Through a two-
way analysis of variance (p=0.05).

Source F p-value

cycle 47.32 <0.001

type 24.47 <0.001

cycle * type 2.70 0.037

Mean, standard deviation (SD), and 95% confidence interval of flexural strength of restorative materials at 0, 10000,

95% Confidence Interval
Lower border (MPa) Upper border (MPa)

96.26 120.24
78.61 98.12
81.09 98.75
89.97 114.71
66.17 79.69
54.73 66.63
84.40 110.47
42.62 70.71
39.85 62.25
11000 type
SCN
- +AB
- 8FZ
% w000
- 0 10000 20000

cycle

Wi 4 wavewinvesianysasuazIuTEUYEINNTTIADN
nsldanlasmsidsundasgamgfideaadoa
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Figure 4 Effect of the type of restorative material and the

number of thermal cycling simulations on the mean
flexural strength of three types of materials.
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Table 4 The mean flexural strength (MPa) was analyzed to assess the influence of two factors: the type of restorative material
and the number of thermal cycling simulations. Statistical evaluation was performed using a one-way analysis of
variance (ANOVA), followed by post hoc pairwise comparisons using the Bonferroni test (p=0.05).

Factors
CN
0 108.25"2
Cycle 10000 88.3782
20000 89.9282
p-value <0.001

Materials
p-value
AB FZ
102.34/2 97.4472 0.394
71.93B% 56.665° <0.001
60.685° 51.058° <0.001
0.007 <0.001

Means that the same uppercase letter within a column or the same lowercase letter within a row are not statistically

significantly different, as determined by the Bonferroni test (p=0.05).
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Figure 5 Effect of thermal cycling on means flexural strength of each restorative material.
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Figure 6 Comparative analysis of the mean flexural strength of three materials subjected to thermal cycling simulations at 0, 10,000, and
20,000 cycles

Khon Kaen University Dental Journal



o o

Uit 28 aduil 2 (W.a-a.n. 2568)

Page 31 |
a 6
UNIVNI8U
nsfnwiiingUszasdiianlsouiisuAining
Fumuusannvasianusaglulaweniivl CN way AB AU

1Y
ginesuvaistunoulndnyin FZ ierumsdiasinisld
sulaonnsUasuulasgamgdasiuau 0 10,000 waz
20,000 50U Fslutlaquianysazlulousaiinlign
thanlflunuiuanssuysuresiauniviatsindy e
wissglewiluduanuainsalunisdaasuni siundy
VBTN AANITUNINTUVDILUATITETEAUIANIAYIEY
tostuitunsn® Yanysarluloweniiniidonllunisfne
iléun oN Fadutaqusnedamleiassaunsnsanilad
Wudiudszneu lnefianuamnsalunisudesgeslsd
weaoy uazlansenludlessuld usfogluaniziidy
nsn Junuinlunistesduiuguaznsss wliiina

NILUIUNITAUNGULSEIR LA

Fanlulowoafindnuiing
T¥lun1sdnuidde AB Ta1nns@nwnfiiiuminud
awnsavaeengeslsdliginitiagnandleleluwesuay
ansafaujAsendeflanneiarnnudunsa-aa
wasuluneludesn lnenisgaduuaaidey voas
wgoelsdlessuinluiiednwinuauysaimanives
Taseasreiluly’ Wisuieudu FZ Faduginesvea
\sBuneulndnfiannsaysuyldisitunduasitunduay
Duitenlunsldemiutiagiu

nsfinundl 1381 madeuauF LIS
Tasnsnaaeuussiauuy 3 g0 esaniduisidiass
wararusavinldine wazduismudldmmualily
UMY ISO 4049 NITNAABUAIAIUAUNTULTIRAVD

& 16,20,30

eGLIERIE ns@nwimsldanuluaiiinszezenives

Tanysae ddediavargusemsiduy anuwanesues
Y30y (Operator variability) AdusuileveUaelunis
infnnuran1sine viliauayldein uenand Yag
ysauedalnsiauiuasuudategssanda Feiinng
naaevluiesUfiinslasnissiassannudenluaniie
FosnifieUszifiunislinuvesiagysazlussezon®

*® Wu31 15971889

1INAIANYIVDY Gale wag Darvel
mﬂ%mu‘lmmﬂ?{auLLﬂaqqquﬁ 10,000 50U &11150
Frapsanznsitauludesinnlaiisuwinnunishaanu
Wunan 1 Famsinenildsraeddagtiunsiasunlas

gaunfINI1uIU 0, 10,000 Uag 20,000 50U Fouuuld

Idumsfnwilsuifisuiissozine 1 uaz 2 Jamady
Tumsidusegsluriunszuaunssaemsldoulag
Msdsuuvasgamgifigamgil 5 wag 55 ssrnealdea
Faudugaumpifiszylinumasgiuanna 1SO 11405 il
AN AR aN1SVIAdeU AN auANTTkaz Y
oaumgiifithunldvin TiAm ueTesuesTanunian nns
ihiusduaouindsludiunszuiunissiassnislde
Tngnaivdsunlasgumgiasyitlifandnisgadud
(Water absorption) #in1svinatgwuszneail (Chemical
degradation) wazdn15wza19 (Leaching) vasd1uUszNOU
uiwaldanuiizeveusduneulndn viliiAansden
AN

nansAnwiinui Meaestladufoviavestag
YIUELaETIUINTOUTLDINITTIa8IN1T I ulaens
WasuulasgaumgfiiianswasuseramiunILLS e
(p=0.037) nafe nguiilainiiunissiassnisldanulag
nswasuulasgamgiifaianudiunuuseiagedian
LLazls,J'WUmmLLG}ﬂﬁhaastﬁﬁaﬁ’ﬁzyawdwi’aqﬁa 3
viin widlornunsliulussesnaniiundu Yagynein
9IN13AARIVBIAIMNUATUNIULTA Uagnudn CN 3
ANUAUMULIIINEINTY AB Uae FZ agrailfudidgni
adifl aanAd03nUNIIANYITDY Morresi wavAn Lay
nsAnwes Hahnel wazanis! Ainuindloriunisdiass
nsldanulaenisiuasuulasgumgiifiinnudumiuuss
ANAABILATNUBNTNATINTEMINVUAVRIIAN YTUTUAY
2824781 (Aging duration) iviilifiAnaniiziden uway
nsAnes Yap wagane™ finuin N iufanuinufien
fimaiiviusogndluaninundeuiidaaduliAnituslsl
finansznusaaudumuLsIFe adeanudumy
wsennvesTanysausidunainandulsznaunaeiuay
anvaglassaiiwesianudaziln WulSiawaranvae

sU519U09a150 kN> Fetladumanflaziinasoniny

U

auysiveen19inuf e (Degree of conversion) uag

kY

nsgaduinvestan vilsdnasorauiumuLsia®

Tnefinsfinwmudn earuduussinTzgatudusiug

fuisdunoulndnidanssaunsnuTunamnn®
SlonSeudioussisulinvesian mnkansdin

v
o

wuIianysauens 3 ¥ila daadeanudumulsidall

@

upneAUeETEE Ay VEdA (0>0.05) Weldkunis

o

Khon Kaen University Dental Journal



Page 32 |

o o

Uit 28 aduil 2 (W.a-a.n. 2568)

$ransmsldaulnonisidsundasgumgd udnonds
HN1un1531a89n5lF Ul 5UA suLUasgamn i i
20,000 58U WuI1 CN ﬁﬂ'ﬁLa?{ammmﬁmmw&ﬁmqq
171 AB taz FZ agnsltiuddgyvisadif (p<0.05) Tuvne
A AB uay FZ fldndsmeuiununsdaliunnsg
fueg 1l dud1Ayn1eadflunnsouvein1sdnasing
Lﬂ?{ﬂuLLUaaqmmﬁ (p>0.05) @nAR @R UNITANYIVDY

¢ FalaUSguiguAIANUATUNIULTIAA

Chole uagAny'
VorTanYIY 4 YA WU CN TAIANUAIUNIULSIFnES
nstureulndnsiavanilad (Bulk-fill composite) waz
Tanysusisdunefvhednandleloluesetedduddgy
M9adA uarnI3ANYIUeY Raman uazany” Anudn CN
fAnudunulsedngenInstureulndnuazivesialy
w3 (Zirconomer) agaioddaynieada 39 CN 1y
Fanysauziiinisuniassguuuudonisunfonuies uay
n1suNAIRIeas Tussuunisunmenuesdiulsenay
voslalasileseonlun (Hydroperoxide) ludiuinaitae
Tunsiunmusiesumgll Fadutladeddnlunisasanm
voatan’ drunisundasiouas Tleluvedududaiy
UiAzesouas dslelaugeiudueyiudveslauuleda
\9esuniley (Dibenzoyl germanium) 7 5A71 @1u130 Ty
nsinnedwelsedululnssiluiifinnudnldodiasni
wazfni saudefiadudszansnsganduuasganinile
isuiuuasledailuuiifudiuuszneulu AB uas FZ
uenanidimaives CN fduvsznoundndendu
lawunieSian ¢ viia Aodrunanvesgidue AR (OCP)
alsunfin eAnAn 8o (Aromatic aliphatic UDMA)
uay f183-400 (PEG-400) FeAmiludoray 21.6 Inewiin
Yo33a9 lngliflduusznevvesdadiduie dun (HEMA)
uaziindun Welismedwelsisiuaninlasaimediuos
nuus1auniudsusamuiuiugs waznsuudafinsounqu
rdutagysay Mlkdquantinanadiudeusauasd
AUAMUlUIZEZe1Y daNalilA1ANATUNIULIIR

' £

49 PalnISANYINUTT AUATUNIULTI N AT ULETD

aaa <

Ja-318u10 30 M193AL0We gNuNUTiAIY yaALdue
wonani CN FelluTuruanssaunsnlagdTuinsias
A171 AB way FZ°*2

Fane nana (Barium aluminum silicate glass) LaguAaLZeL

a

fdudsgnevvesuuiieuegiiilioy

wuiseuegiieungeels@ainanata (Calcium barium

aluminium fluorosilicate slass) @ dudruusznauiily
anuudanss leloflaiaesfidauauifianizdisanay
\AuR5WA (Shrinkage stress)® CN iufanfianunsavy
Aala 2 sUluy flaanalaiweurin (Hydrophobic) 1nni
Fandivalsnesies uazdiesdusznouvesyIimulaim
pswenfidanulsiveuiwinlfailaseeiuius 3010
danalyl CN dA1ANATUNIULSIAAZINIY AB Wae FZ
et doddn19adf (p<0.05) Ll e un15Ta0INTS
Lﬂ?iaw,maqqmmﬁﬁwmu 20,000 58U

AB WuTanysuzlulowoadinisuidnisinm
wnsfureulndn® vinlddudsenaunanadie
AR ULsTuAaNlndn Usenaurigaun1auid (Glass
particles) wazduusznauiidunediedn (Polyacid) ves
nandleleluef FuinliAnufAsensa-re Tudruves
Tluwesdigdmulammesianludiulszneundn gl
fifafluealeuaveyiusuesdaiiueate (osndafluea
rouaroyiusvesdafiueaeysenauluaiednendisgu
(Epoxy resin) wagiufianiadianyinliianiinunile
wazAIULY (Rigidity) g wannd AB fafldruuszney
vousduvEndfiannsfnnedieslawduldainians
nspfusLaLarmaed dusdumrinddanariiuiu
woslsdisTu (Rubberized resin) vilisumIun1sunnyin
fumunsiu fenuudeusegasasnumu’ sgrdlsin
meuTendanldnanai AB finisgadihgeninsduaon
IndmdndosfemagaduiituiinnuddydmivTagly
Towoniilifielduanideulesou uasnuiiimsazaneih
Tndifssiusunsulndn® Fsoradumguali AB den
ANFTUNULTIAA LILANAN99N FZ og1edidediAgnig
& (p>0.05) ierumsdiasimsivdsuuUasgamgiily

FIUUTBUNWINTUY d@annaaiun1sAn®Ived Alrahlah®

a

Afnwiagysae 5 viadloriunissrasansldaleg
ﬂﬂiLﬂﬁauLLUaﬂqmmqﬁﬁwuqu 5,000 58U WU31 AB AN
APUAIUNILLTIRA b uanAR Ui UL TuAeNInEnuln
WU (N-ceram) waztoddens (SDR) uadAgendnian
nandlelelulied Aunagliiesuea (Ketac universal) wax
WIwead (Fuji Il LC) aghailfuddny
definnsantadovesnisirasnsldiulaenis
wWasuudasgamad wuilunguitliiunisiassnsly
sulasnisid suntasgamgd fa1anudumiuuss

Khon Kaen University Dental Journal



Page 33 |

o o

Uit 28 aduil 2 (W.a-a.n. 2568)

'
oA

ARFINIINGUANIUN1TTIARINITITUTENITIE U

ado

wlasgauuiiNd1uiu 10,000 uaz 20,000 seUBE 9y
d1fyNn19adf (p<0.05) TsaenndosiunanisAnuives
Ghavami-Lahiji® ns@nwives Souza® wagns@nwives
Janda® finuinnsinfagysasluiiunsdiassnsldny
ImﬂmiLﬂﬁﬂuLLﬂanqquﬁ%ﬁmav‘fﬂﬁmmmﬁmmu
wsananateesfitudfymeada Tnetuiazinainnisi
qamqﬁLﬁuqaﬁﬁuuazmiLLﬁIuLﬂ%aﬂﬁwaaamimﬁauLLUaa
gamgiidunauiu ﬁﬂﬁlﬁmmi@m%uﬁw LAANTUINVRS
Wwn3ng S?f&miaﬂﬁuﬁywaqi'NLmiwaLuai‘ﬁﬂﬁLﬁmmi
geutdsNITEARANIAATTENINAITBAWNINLAZIINT NG

a

030 Winnsdenanmastuszrilailumefumind
Laga138AunIng elnaronuantAnianavesian
uananiarnaantsfnuinudtianite 3 v eru
F1aeen7sldaulaenisiud sunUasgungdi s uiu
20,000 58U AA1AUAIUNIULTIAA DL LANH 19970
10,000 soURgNHTBdAAYN19ads las AB uaz FZ da1
ANUAIUMULTIAnanatedslufidedAgynana uway
CN WlATiN158na9U83AIANUAIUNIULIIAR D19AADIN
Tanfinsundegwanysalnendminidsvesiiaimaaey
TuteaujiAnng ilevihnisdrassnadsundasgumgiii
10,000 59U T30 3dansnisivasundasgumgfisiuiy
20,000 59U oy w1 L unsTransnsldeuiy
sroz1aa1 2 U2 enaavlaifesnedi avdanaliiAnnis
WA BULUaI91nT UL 10,000 saua&hqﬁﬁaﬁﬁmﬁ'a
wWisuiiguludanuiladeniu lnein1sfinwinavesdnuiu
seUveINsIUA BuLUat M fidenI LA uNILLSsn
vausguraulndn nuinsgursulndnuisviinaziainy
Frunuusetnanasegefited Ayl olun1siud sy
wasgungisiuaunda 30,000 sou” Faiy e1adaq
¥in3fnwinisdtassnnud eslusuiuseuveanis
$raoamsldrlasnavdsuasgumnifiiiniu e
UseiliunanAuiunuLssintudanlussesaiuu
Fusioly

anuFumuussaLdunuansAnisnaniing
seyliluteriivua 150 4049 ianiildnnsysasluily
nEvluusnuifuusuadsdelnssiiuedadl 1 uay 2
(Class | and Class Il) msilAanudumuusdinlaisn
12,20

80 MPa il a6 1un sy lud 1nd usduian 24 .
ANSAENWIDIAUAIUNIULTIAAT sa1u150u LUl Du

foRrsalunisndontanysurlueainld laensAnuni
Wyt Yagia 3 wiadilikiunisdiaenisldeolaens
Wasuwasgamgdl flenanuiumuussiagaimely
sy saulunds uenanfidioruniaiAsuuasgamnd
#l 20,000 59U WU CN AedafiArmrmiunuLsings
111 80 MPa e1aLdunilalunsiansadenldianly
aadnlddn N Tanuudsussnmuduiivensuldislonu
Msdaeamsdsuuvasgumgll Taslawiznisysaigly
uinaifuussduiiundauaghideanisannuaisaiuann
desain ON fiftesdifier venanddadutandidesiinng
nandunIlazd At feiudsagldinanlunig
nad (Mixing time) 40-60 31U Laziinarlun1svingu
(Working time) 2.30 unfl 919 1# 4 unounasldaud
geenndu eendlsfnueanudumunssiadunddy
AuaviAinenafivsdaudnsadensysueneadin &
finuanAdun 1wy aumieadiuniunisiin (Fracture
toughness) ALTS (Stiffness) AUVTUTERT (Surface
roughness)? saufsAuasmnvastuneulunislda
fanluaddn wazn1s@nunivinluiosufuannsi ols
annsamuauiiatedu 1 diuaden1sfnuild 4l
annsndaeansldnuaimnnainldimun Fs1ades
fins@nviinAnludeswesnisldounisadin el
Wiunnltuwesnadsuulasiidanumniuuazanuse
finnsandenldfanlunisysaruinaisuusdussezen
Tildnadnely

unagy

1nfeditavesnsinuiidefnwianudiy
muumﬁmaﬁaqﬁ% 3 gl endan1sdnaenisldau
IG]EJﬂWiLiJ?iIEJULLUaJE;mMQﬁWU’jW

1) viaveslanysmsLaziIUIUTOUVRINIT

a '

F1aem5ldnulagnisiudsunuasguugIiansnasiy
FOAIAUAIUNIULTIAR (p=0.037)
2)  ANRRYAUAUNIULSIAATDITAN YT

719 3 e luniunisInasansitnulaenisiudsuluas
gaunndl degeninTanysaeiiiunisiassmsldanulay

' '
a aao

ﬂ’]'ﬁLﬂaEJULLUaQQﬂJMﬂMVH]’m’JN 10,000 wag 20,000 sau

Y

atafltfuddun19adia (p<0.05) wiis1wIn 10,000 S0U
uay 20,000 souiiAliunnaeiu (p>0.05)

Khon Kaen University Dental Journal



Page 34 |

Uit 28 aduil 2 (W.a-a.n. 2568)

3) W eluniunisdiasenisldaulaenis
Wasuulasenmgi Sania 3 viiafiAnadoaudiunu
wsaaliluanenatuegnaiveddaneada (p>0.05) e
W1unisdraeanisldaulaenisiud sunlasgungdl
20,000 50U Yanluleusaiinsanludfia1iad sndy
AuvuusaingenItluloweainisdunazisdunoulndn
8T d e 9adn (p<0.05) wavAadsAuduNIy
ussnnvadlulowanfinisdunazisdunonlndnliunnsiig
fuedddudiAynieaia (p>0.05) lunnsouveinis
$raosmslémilagnsdsundasgumnd

AnANssuUsENIA

Aniz{3deveveunszaaimihiiviaeidoiead
WUgAansuasne3T83ian AuziunLNerIans
unInedsveuunu inganaeuisnsliieiosdiowas
Srueemazanlun1siidey veveunaudmiiinadn
nans 2 uasWesU fUAnITU 4 AaziuaunneaIans
UNNINIRYYBULAY nnvhuﬁé’wwmmasmnL?ﬁymﬁya
q'tJﬂiaf;LLaxamuﬁiumiﬁwmu"?é’mg’ﬁ

LBNE15919D4

1. Ferracane JL. Resin-based composite performance:
Are there some things we can’t predict? Dent
Mater. 2013;29(1):51-8.

2. Hickel R, Manhart J. Longevity of restoration in
posterior teeth. J Adhes Dent. 2001;3(1):45-64.

3. Dai LL, Mei ML, Chu CH, Lo ECM. Mechanisms of
bioactive glass on caries management: a review.
materials (Basel). 2019;12(24):1-14.

4. Ladino LG, Bernal A, Calderon D, Cortés D.
Bioactive materials in restorative dentistry: a
literature review. SVOA Dent. 2021;74-81.

5. Chen L, Shen H, Suh BI. Bioactive dental restorative
materials: a review. Am J Dent. 2013; 26(4):219-27.

6. Justen M, Scheck D, MUnchow EA, Jardin JJ. Is
Cention-N comparable to other direct dental
restorative materials? a systematic review with
network meta-analysis of in vitro studies. Dent
Mater. 2024;50109-5641(24):00155-6.

10.

11.

12.

13.

14.

Francois P, Fouquet V, Attal JP, Dursun E.
Commercially Available Fluoride-Releasing Restorative
Materials: a review and a proposal for
classification. Materials (Basel). 2020;13(10):2313.
doi: 10.3390/ma13102313.

Todd JC. Scientific documentation: cention n.
Ivoclar-vivadent press: Schaan, Liechstein. 2016:1-
58.

Ille N. Comparative effect of self- or dual-curing
on polymerization kinetics and mechanical

properties in a novel, dental-resin-based
composite with alkaline filler. Running Title:
Resin-Composites with Alkaline Fillers. Materials
(Basel). 2018;11(1):108.

Products-ACTIVA™ Overview-Product Review [Intemet].
[cited 2021 Sep 12]. Available from: https://www.
pulpdent.com/activa-bioactive-overview.

Kaushik M, Yadav M. Marginal microleakage
properties of activa bioactive restorative and
nanohybrid composite resin using two different
adhesives in non carious cervical lesions-an in
vitro study les proprietaires de fuite marginales
de restauration activa bioactive et resin. J West
African Coll Surg. 2017;7(2):1-14.

Heintze SD, Ilie N, Hickel R, Reis A, Loguercio A,
Rousson V. Laboratory mechanical parameters of
composite resins and their relation to fractures
and wear in clinical trials—A systematic review.
Dent Mater. 2017;33(3): e101-14.

Sumino N, Tsubota K, Takamizawa T, Shiratsuchi
K, Miyazaki M, Latta MA. Comparison of the wear
and flexural characteristics of flowable resin
composites for posterior lesions. Acta Odontol
Scand. 2013; 71(3-4):820-7.

Hahnel S, Henrich A, Burgers R, Handel G,
Rosentritt M. Investication of mechanical
properties of modern dental composites after
artificial aging for one year. Oper Dent. 2010;

35(4):412-9.

Khon Kaen University Dental Journal



Page 35 |

Uit 28 aduil 2 (W.a-a.n. 2568)

15.

16.

17.

18.

19.

20.

21.

22.

23.

Okamura H, Miyasaka T, Hagiwara T. Development
of dental composite resin utilizing low-shrinking
and low-viscous monomers. Dent Mater J. 2006;
25(3):437-44.

Chole D, Shah HK, Kundoor S, Bakle S, Gandhi N,
Hatte N. In vitro comparision of flexural strength of
bulk-fill
nanocomposites and resin-modified ¢lass ionomer
cement. J Dent Med Sci. 2018;17(10):79-82.

Yesil ZD, Alapati S, Johnston W, Seghi RR.

Evaluation of the wear

cention-n, composites,  light-cure

resistance of new
nanocomposite resin restorative materials. J
Prosthet Dent. 2008;99(6):435-43.

Sadananda V, Bhat G, Hegde MN. Comparative
evaluation of flexural and compressive strengths
of bulk-fill composites. International J Advanced
Scientific and Technical Research. 2017;7(1):122-31.
[lie N, Hilton TJ, Heintze SD, Hickel R, Watts DC,
Silikas N, et al. Academy of dental materials
guidance- resin composites: part i- mechanical
properties. Dent Mater. 2017;33(8):880-94.
International Organization for Standardization. ISO
4049:2019 Dentistry Polymer-based restorative
materials. 2019;2019 5Medition:1-18.

Morresi AL, Amario MD, Monaco A, Rengo C, Grassi
FR, Capogreco M. Effects of critical thermal
cycling on the flexural resin
composites. J Oral Sci 2015;57(2):137-43.

Morresi AL, D’Amario M, Capogreco M, Gatto R,

strength  of

Marzo G, D’Arcangelo C, et al. Thermal cycling for

restorative materials: Does a standardized
protocol exist in laboratory testing? A literature
2014;

http://dx.doi.

review. J Mech Behav Biomed Mater.
29:295-308.  Available
org/10.1016/j.jmbbm.2013.09.013.

from:

Gale MS, Darvell BW. Thermal cycling procedures
for laboratory testing of dental restorations. J
Dent. 1999;27(2):89-99.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lima VP, Machado JB, Zhang Y, Loomans BAC,
Moraes RR. Laboratory methods to simulate the
mechanical degradation of resin composite
restorations. Dent Mater. 2022;38(1):214-29.
Alrahlah. A diametral tensile strength, flexural
strength, and surface microhardness of bioactive
bulk fill restorative. J Contemp Dent Pract.
2018;19(1):13-19.

Kiomarsi N, Saburian P, Chiniforush N, Karazifard
MJ, Hashemikamangar SS. Effect of thermocycling
and surface treatment on repair bond strength of
composite. J Clin Exp Dent. 2017;9(8):e945-51.
Pala K, Tekce N, Tuncer S, Demirci M, Oznurhan
F, Serim M. Flexural strength and microhardness
of anterior composites after accelerated aging. J
Clin Exp Dent. 2017;9(3):e424-30.

Mann JS, Sharma S, Maurya S, Suman A. Cention
N: A review. Inter J Curr Res. 2018;10(05):69111-2.
Singh H, Rashmi S, Pai S, Kini S. Comparative
evaluation of fluoride release from two different
glass ionomer cement and a novel alkasite
restorative material-an in vitro study. Pesqui Bras
Odontopediatria Clin Integr. 2020;20(6):5209.
doi.org/10.1590/pboci.2020.019.

Walker MP, Haj Ali R, Wang Y, Hunziker D and
Williams KB. Influence of environmental conditions
on dental composite flexural properties. Dental
Materials. 2006;22(11):1002-007.

Standards 1994.
Guidance on testing of adhesion to tooth
structure. ISO/TR 11405 Dental Materials, 1-14.
Yap A, Choo HS, Choo HY, Yahya NA. Flexural
properties of bioactive restoratives in cariogenic
environments. Oper Dent. 2021;46(4):448-56.
Randolph LD, Palin WM, Leloup G. Filler

International Organization,

characteristics of modern dental resin composites
and their influence on physioco-mechanical
properties. Dent Mater. 2016;32(12):1586-99.

Khon Kaen University Dental Journal



Page 36 |

Uit 28 aduil 2 (W.a-a.n. 2568)

34.

35.

36.

37.

38.

39.

40.

41.

Goncalves F, Kawano Y, Pfeifer C, Stansbury JW,
Braga RR. Influence of BisGMA, TEGDMA, and
BisEMA contents on viscoscity, conversion, and
flexural strength of experimental resins and
composites. European J Oral Sci. 2009;117(4).442-6.
Aljabo A, Xia W, Liagat S, Khan MA, Knowles JC,
Ashley P, Young AM. Conversion, shrinkage, water
sorption, flexural strength, and modulus of re-
mineralizing dental composites. Dent Mater.
2015;31(11):1279-89.

Kim KH, Ong JL, Okuma O. The effect of filler
loading and morphology on the mechanical
properties
Prosthet Dent. 2002;87(6):642-9.
Raman V, Srinivasan D, AR SE,

of contemporary composites. J
Harish S. A
comparative evaluation of dissolution rate of
three different posterior restorative materials
used in pediatric dentistry: an in vitro study. Int J
Clin Pediatr Dent. 2023;16(S-1): S20-526.
Fabiola K, De Oliveira A, Luiz A, Dutra T, Beatriz A,
Pinto S, et al. Alkasite: a new alternative to
amalgam?-clinical case report. Int J Dev Res.
2021;11(03):45552-5.
ACTIVA™ BioACTIVE — RESTORATIVE™. Available
from:https://www.pulpdent.com/products/
activa-bioactive-restorative.
Ghavami-Lahiji M, Firouzmanesh M, Bagheri H,
Jafarzadeh Kashi TS, Razazpour F, Behroozibakhsh
M. The effect of thermocycling on the degree of
conversion and mechanical properties of a
microhybrid dental resin composite. Restor Dent
Endod. 2018;43(2):1-12.
Souza ROA, Ozcan M, Michida SMA, De Melo RM,
Pavanelli CA, Bottino MA, et al. Conversion degree
of indirect resin composites and effect of
thermocycling on their physical properties. J
Prosthodont. 2010;19(3):218-25.

42. Janda R, Roulet JF, Latta M. The effects of

thermocycling on the flexural strength and
flexural modulus of modern resin-based filling
materials. Dent Mater. 2006;22:1103-8.

4 v g a
HUTENWUEUTTUND

91710350] 019199

FIYVIVNIUANTIUY T AL TIUAUNNEAITNT
UK INEAEYOUKNY DUNBITDI
PIIAYIULNY 40002

sy - 043 362 104 #45143
WIEgBIanMIeing : papapo@kku.ac.th

Khon Kaen University Dental Journal


mailto:papapo@kku.ac.th

o A

Page 37 | Ui 28 avud 2 (n.a-a.n. 2568)

KDJ |

Khon Kaen University
Dental Journdl

Flexural Strength of Bioactive Restorative
Materials after Thermal Cycling

Apaporn Pasasuk " Phakphum Budchaiyaphum 2 Jiranun Chaiyarach ? Benjaporn Vilaingam # Subin Puasiri ?

Research Article

Abstract

Objective: The purpose of this study was to evaluate the flexural strength (FS) of Bioactive Restorative materials: Cention N (CN) and
Activa (AB) compared to FiltekZ350XT universal resin composite (FZ) after thermal cycling (TC) at 0, 10,000 and 20,000 cycles.
Materials and Methods: Thirty specimens of each material were prepared into 2(+0.1)x2(+0.1)x25(+2) millimeter dimensions in an acrylic
mold and stored in distilled water at 37 °c for 24 hours. They were then divided into three subgroups: 0, 10,000, and 20,000 cycles of
TC (n=10 each). The specimens were subjected to TC ranging from 5°C to 55°C, 30 seconds dwell time. The FS of all specimens was
evaluated using a 3-point bending test at a cross-head speed of 1 mm/min. The mean FS values were analyzed using two-way ANOVA
and pairwise comparisons using Bonferroni post hoc tests with a 95% confidence level.

Results: The results revealed that both the type of material and the number of TC cycles significantly affected FS values (p=0.037).
Without TC, the mean FS values of CN, AB, and FZ were not significantly different (p>0.05). After 20,000 TC cycles, CN exhibited
significantly higher FS values than AB and FZ (p<0.05). In contrast, the FS values of AB and FZ did not differ significantly in any TC cycle
group (p>0.05). Additionally, the mean FS values of all three materials without TC were significantly higher than those after 10,000 and
20,000 TC cycles (p<0.05), while the difference between 10,000 and 20,000 TC cycles was not statistically significant (p>0.05).
Conclusion: This study found that after 10,000 and 20,000 TC cycles, the mean FS values of all three materials decreased significantly
(p<0.05). Alkasite bioactive material exhibited significantly higher FS values than bioactive resin and universal resin composite after 20,000
TC cycles.
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