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Composition of resin composites used in this study

A5edl 1
Table 1

Matrix composition

Bis-GMA, UDMA, TEGDMA,
PEGDMA, Bis-EMA

Bis-GMA, UDMA, Bis-EMA

UDMA, dimethacrylate
co-monomers

UDMA, Bis-GMA, TEGDMA,
TMPTMA, dibenzoyl peroxide;

o/

YenaunIaluasIzns

nsnuiidumsiteidmeassdluioslfifing
(Experimental research) 138 uLiiguAIAALRT BRI
n1suaninvesiansdunsuinds 7 vila lawn LsGuney
IndnUartladviln Wwilvalwaise (G-senial posterior; GP)
WS uTwsuUaAlad (Tetric N Ceram Bulk Fill; TB)
Haadw (Fill-Up; FU) Londasilaa (X-tra Fil; XP) #awn
Jarflad (Filtek Bulk Fill; FB) waztawiasidnd lnaiise
(everX Posterior; EXP) uaglsdunaulndnyiingiiiesven
fana® 350 LOND7 (Filtek Z350XT; Z350XT) (M1571991
1)Imaﬁwﬂﬁﬁﬂwﬂwﬁuﬁaasmﬂfjuag 10 du Faduau

Y '

NAUFBE1ILAINNITAIUINIUIAFIDL1INIINAINITVN

1

79811993 (Pilot study) aa8lUsunss G*PowerTM

version 3.1.9.2

Inorganic filler content
(Wt%/ vol%)

Zirconia filler, and aggregated
zirconia/silica cluster filler
(78.5/63.3)
Barium aluminium silicate glass
(ytterbium fluoride and spherical
mixed oxide) (80/61)
Prepolymerized filler, FAL-silicate
glass, (81 /-)
Zinc oxide coated filler, (65/49)

benzoyl peroxide

Resin composite Manufacturer Type
Filtek Z350 XT 3M ESPE Nano fill
(Z350XT)

Tetric N Ceram Ivoclar Bulk fill
Bulk Fill (TB) Vivadent
G-zenial Posterior (GP) GC Corp. MFR hybrid
composite
Fill Up (FU) Coltene Dual cure
Bulk fill
X-tra Fil (XF) Voco Bulk fill
Filtek Bulk Fill (FB) 3M ESPE Bulk fill
everX Posterior (EXP) GC Corp. Bulk fill

Bis-GMA, UDMA, TEGDMA

AUDMA, DDDMA, UDMA

Bis-GMA, PMMA, TEGDMA

Bariumboroaluminiumsilicate
(86/70.1)

Ytterbium trifluoride and zirconia
filler, an aggregated zirconia/silica
cluster filler (76.5/58.4)

Short E-glass fibers, barium
borosilicate glass particulate
(74.2/53.6)

Bis-GMA: Bisphenol A-diglycidyl dimethacrylate, Bis-EMA:Ethoxylated bisphenol A dimethacrylate, TEGDMA:Triethylene glycol dimethacrylate,
PEGDMA: Polyethylene glycol dimethacrylate, PMMA: Polymethyl methacrylate, UDMA:Urethane dimethacrylate, TMPTMA:
Trimethylolpropane trimethacrylate, AUDMA: aromatic dimethacrylate, DDDMA:1,12-Dodecanediol dimethacrylate
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nfwiLuuiendiwedu Glycern) Ingldyiu 1ile
Jasulalistuneulndadniuusiuuy dustuneulndn
Taluuduvudenarafinduangimsi sinisgauuunds
Weorlduuwiuuy aniuladieinsduneulndndae
wiunszanla (Glass slide) wazidnandiuiunudia
PENMENANARNBUARIIUUA YIN1IRBLALUUTUTY
(Overlapping exposure) ‘quaz 4 ﬂ%’jn ﬂ%’ﬂas 20 Au1
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nfuTusege tifedieenanuluuuetssysnseTe
aeldFuinogrmwensiunoulndnvunn 2x25x2 fadwns
¥msandusegannnnasinisiadi Tnsauunedu
Fregaeiniasinrunianeaasiile (Digital vernier,
Hachi, China) 1ilofnguiagnadiunn 2x25x2 gnuaan
daduns LLazmnq%vuﬁaas'Nﬁ”uUﬂé’aaqamiﬂﬁﬂuﬁm
awna3le (Nikon measurescope 20, Japan) ift1dseny
20 Wi Wietnaudnvessesurneindu 1 Saduns 393
auaanpdeuldliiiiu 0.1 fadiuns wazd unuves
iaamﬂa&ﬁaﬂmﬁuﬁaaﬂw linusesunnvizegwgud
Usnadulansvessosun thusiegefiiiunasinng
ﬁ’mLefhLLszﬂmf’]ﬂguiuéNﬁwmmuqquﬁﬁqmmﬁ 37
ssrwaua unan 24 $ilus Aewihmmegeu®

nsvadeuALmdadunIUNSUAnEn ity
FetnsmmualunaaouALmloadunsuaningy
\A3DIVAABULSILUUAING (Universal testing machine,
LLOYD LR30K, UK) fei3snageunuunaaugn (3Uf 10)
Tnefiszoginssgninganaiaiesie 20 faduns 252
AUEINedeU 0.13 fadlunsaeundl 23-25 aunseits
fegUARNITLANIAN

JUANAILTILALAIUIUAIIUL AL EIATUNS
WAnvin (K,o) vodusazdudiieg1aangns”™

Ko = PxS a
167 b x Wl's] Xf(;)
Kic = Fracture toughness (MPa.m*’)

= Peak load (Newton)

P

w = The width of sample (Meter)
b = Thickness of sample (Meter)
S

= Span distance (Meter)
= The notch length (Meter)

Q

ned f (%) Awalaanaunis

s (E) (1.99 —(a/w) x [1 = (a/w)] x [2.15 — 3.93(a/w) + 2.7(a/w)2]>
T W 2 % [1 + 2(a/w)] % [1 — (a/w)]72

AATIEATRLAAUMTEIFIUNTUANTN VDS

Yanstunaulndn 7 viin laely SPSS™ 17.0 for Windows

q

d Y 4'

Asziuanudesiudesay 95 :nn1snTIadeUALLAT Y
AIUNIINAABUYIALIAaA (Shapiro-Wilk test) Wu3n
ToYalN1TUINLIMUUVUNF (p>0.05) M519d8UAIY
wUsUTIUTERINeNGY (Test of homogeneity of variances)
AIUN1INAADUAIU (Levene’s test) Wudn vayaiainy
wUsUsIuTEnienguuand1eiued 1eslideddeynieada

[

(p<0.001) FAATERTDYUAMBAITVAGDUATAAA-1NAAE

U

(Kruskal-Wallis test) wu31 A1ANULATEIRIUNITHANKN

vaianstuneulndnva 7 yila Jegradoy 1 Aunneg

v
o = ¢ '

fiu (p<0.001) INTUITUATIERAIUUANANTENISARE
nsnageuLNLINid g (Mann-Whitney U test) lag a =

295 _ 002
21

MN15UsEluRI508uANY0lANTHUATIDEN
U 3 Jusienguiiege Mendosganssmididnaseu
FUAEDINTIN (Scanning electron microscope, S-3000N,

Hitachi, Japan)
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Top view

Side view
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(a) NM9wSeuBuieg1alukUUeEA3AN (b) Busipd 1MW EIESA (C) N1SVAFRUANLMTEIFIUNIUN TN TUTUSeEe Lay

Figure 1 (a) Specimen preparation in acrylic mold (b) Prepared specimen (c) Fracture toughness testing of specimens and

simulated image
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A19°90 2 Anede daudenuunnsgu Adsesu uazyasszniinisindvensduneulndnns 7 uia
Table 2 Mean, Standard deviation, Median, and interquartile range of 7 resin composites

B 10 0.83 0.03 0.80° 0.77-0.86 0.16
GP 10 0.84 0.01 0.84° 0.82-0.88 0.78
FU 10 0.96 0.01 0.96%° 0.93-0.99 0.19
XF 10 1.23 0.05 1.25% 1.09-1.37 0.35
Z350XT 10 1.33 0.02 1.32%¢ 1.27-1.39 0.91
FB 10 1.43 0.07 1.44% 1.30-1.58 0.96
EXP 10 1.77 0.09 1.68° 1.59-1.93 0.96

*Same superscript letters indicate no statistically significant difference

(I\IPa'm“'s) | | | |
1.8

1.6

1.4

w

1.2

o | ]

0.6 | —

0.4

0.80

0.83
0.2 05

Materials

TB GP FU XF Z350XT

*Same labeled letters indicate no statistically significant difference

= oo o v v = s & ~ o o
E‘U‘VI 2 WiguisuaMumteImumunsuaninveustunaulndnis 7 vin HEPIANNBYZIU (GRIbEE))
Figure 2 Compare the fracture toughness and resistance of the seven types of composite resins, showing the median (mean) values
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Figure 3 The surface characteristics at the fracture sites of each type of composite resin, as observed under a scanning electron

microscope, reveal the characteristics of the filler material in each type of composite resin. In the fractured specimen of

EXP, fiber-like features were observed within the filler material, along with the termination of cracks near the fibers (as

indicated by the arrows)
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Fracture Toughness of Posterior Resin Composites
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Research Article

Abstract

Objective: This study aimed to compare the fracture toughness of seven types of resin composites used for posterior tooth restoration:
Tetric N Ceram Bulk Fill (TB), G-aenial Posterior (GP), Fill-Up (FU), X-tra Fil (XF), Filtek Bulk Fill (FB), everX Posterior (EXP), and Filtek Z350XT
(Z350XT).

Materials and Methods: Single-edge notched beam resin composite specimens were prepared in an 2x25x2 mm acrylic mold (10
specimens in each group). All specimens were immersed in distilled water at 37°C for 24 hours before testing. Fracture toughness was
measured using a three-point bending test with a universal testing machine. The fracture toughness of each resin composite group was
compared using the Kruskal-Wallis test, and differences between pairs were analyzed using the Mann-Whitney U test at a 95% confidence
level.

Results: The results showed that the fracture toughness values (MPa-m®?), ranked from lowest to highest, were TB, GP, FU, XF, Z350XT, FB, and
EXP, respectively. The study found that EXP had significantly higher fracture toughness than TB, GP, and FU but was not significantly different
from FB, Z350XT, and XF. Meanwhile, XF, Z350XT, and FB had significantly higher fracture toughness than TB and GP.

Conclusion: The study concluded that the seven resin composites have significantly different fracture toughness values, with the fiber-
reinforced EXP presented the highest fracture toughness.

Keywords: Fracture toughness/ Posterior resin composite/ Resin composite/ Bulk-fill resin composite
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