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ABSTRACT

The objective of this paper was to evaluate the abrasive wear behavior of restorative composite resin after
thermal cycling, The test materials used in this study are Synergy(SG), Filtek™ 7350 XT(Z3), GRADIA®
DIRECT anterior(GD), Filtek™ Z250(Z2), CLEARFILL AP-X(CL), Heliomolaf®(}11\/l), Metafil CX(MF), Among
these composite resin materials, one group was immersed in distilled water for 10 days at 37C while the
other was subjected to thermal cycling at 5C and 55C in a water bath for 10,000 cycles. Subsequently,
they were subjected to toothbrush abrasion test using a wear testing machine for 100,000 brushings under
an applied normal load of 1.5 N. The surface roughness of the composite resin materials before and after
abrasion testing was measured using a surface profilometer and their morphological features were assessed
using scanning electron microscope (SEM). The tensile strength of the composite resin materials immersed in
deionized water and those subjected to thermal cycling were evaluated using a universal testing machine,

The mean surface roughness (Ra) of the composite resin materials immersed in deionized water for 10
days at 37C is lesser than 0.1 pwm whereas SG, HM, MF subjected to thermal cycling showed Ra values
higher than 0.1 #m and their Ra values in comparison with other materials in the same group had a
significant difference (p <0.05). The abrasive wear behavior is obvious in the matrix of all the composite
resins tested and the shape of fillers is clearly evident for those subjected to thermal cycling. The loss of
filler material and the formation of cracks on the matrix as well as at the interface between the filler and
the matrix are also observed for the composite resin samples subjected to thermal cycling. The tensile
strength of CL is 74.6 MPa, which is the highest value while that of Z3 and MF are 36,2 MPa and 37.5
MPa, respectively, which is the lowest among all the composite resin materials immersed in deionized
water. Among the composite resin materials subjected to thermal cycling, CL exhibits a higher tensile
strength of 65,5 MPa whereas the MF offers a very low tensile strength of 16.1 MPa, which is more than
half of the value obtained for the same sample immersed in deionized water,
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Az7ee] el wel 4o L 7] whzol
AAgoR FHNF S7bEL Aot wd 59 22
TEAE AgHEo] A WAHL, opfEFe F

g W QA f3ide] EAZE 2 & don, IFL
Holl gk FAZF oprlEl= wl, old web FEAE
gzle] A= AL SHEL Qi

FIAE YRS g R (resin matrix), F7]Z2](filler)
2 AZ YA (coupling agent) 2 T3 ETHAnosavice, 2001).
A7171 825+ Bis-GMA(bisphenol-A-glycidyl dimethacrylate),
UDMA(Urethane dimethacrylate)7} 2 AREEH, TEGDMA
(Triethyleneglycol dimethacrylate)2} -2 3]4] w7}
HigtEle] ARV gtk dele di1E A7)
Sishe] ek, o Belel el wet de] A7
2 o] HEHBraem 5, 1989). FEAE IS
o] A=), ¥, 2 EFPH A microfill,
hybrid, nanofill 522 EFst 4 i}, dvtxoz 3
f) el Seaes VA A S, Ba
Fgel Aol el DV} F4E FYREE 2
7F¥th(Fan 5, 1985). djel A7), ¥ W3 o8 &
ato] E/do] A e e TR FEAEH
FEAEEA FEA o]&HIL Jlon, A&H<Q] o]
oFolA|aL ek, et FlelA FARE ARESESEE ),
w3eHH mlE (occlusal wear) @ 6l€2 nlHE (toothbrush
abrasion) 9| wlRIE WAE £ = Dol lom,
Ao shee Al g waRd, B ok
A vz Aore olaslel Asde A% 0 AR
o) wuls] Ay WE ZeRAG ALNE AT
(Abouelatta 5, 2005).

FuAge O%d s o as wdsl
01011/1- 2= ol.‘:Eﬂ _-_;d U]_U/\]fg_% }\E]}\]fgl‘_‘:. ;g— ]
w2bA| (Harrington 5, 1982), o FEAE YR F5l
whha e gke] thEA vehdtkal sheitk(Kanter 5,
1982; Jones &, 1989). H&t x|oke] FF ¢ A& TR
o mEtME FIFS weErhals sHtH(Wictorin, 1972),
olglgt tket a%lE ¥, FEARS TRVt vhLel v
e gl AL Fasid & 4 slovl, ol o4z
+8ARS Bl BE U B AT BE we
AE0] o]Fo|x SItH(Harrington &, 1982; Kanter %,
1982; Goldstein J"Jr Lerner, 1991),

B el Sl vkl A Y Wb
g ]%ol HIAaL, ARRe] @ Hejm
ARAA 0w Pt o)Al Utk ‘717“414
2Ee FH= AFH 2 58T Sl dste] w
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o, Aol e pAEoh) BEAE AR A%
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ol wbA i 2 AAE Holn, S5 TR, 74
HelMe] 9] Tl teM= v2A 32 4 °’T/K5p1enngs
%, 1987; Longman3} Pearson, 1984). Paterson 5(1996)
2 60t dAZ} 45CE, 0T HAZF 15CE SHE
Thal 3F9om, Palmer 5(1992)2 61T o|3te] HA7}
53.1C-58.5CE, 0C¢ A7} 1CE At 31
o} olgfgk 2= few 7 i FEAE H3 F
Brolge eazel 43 A tae Fue) g
ol 99 S 3 5 W} ) A
el 94 el Adslel Agse Ao U5
A, 22 141%“3" ] sletel TAAAL
g A MY ded A (thermal cycling
s, Aol WHAL =T ZAN H2A

2 oUrk 7t PIE 37F o] Alfdo] o]FoiA|a
JtHJeon 5, 2009).
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anterior, Filtek™ 7250, CLEARFILL AP-X, Heliomolar™ ’,
Metafil CX)& AR&3}ItH(Table 1), FXAE #zZl9] ol
&3 oSS Wle) datel AHE Aoke dge
gAglzl, ZZoashIER, oln|wylZasl EHEZ A
FIo|2EAdo|ES %*é—‘@fz’ 3L, 1,000 ppme] 24
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Table 1, Composite resins used in this study

M2|7t SERE 27| ni2HSnt

eIz ojXl= d& 1595

Code

SG SYNERGY

Z3 FiltekTM Z350 XT
GD  GRADIA® DIRECT anterior
22 FittekTM Z250

CL CLEARFILL AP-X

HM Heliomolar®

MF Metafil CX

Product

Manufacturer Filler(wt%) Type
COLTENE 770 nano hybrid
3M ESPE 785 nano hybrid

GC 730 micro hybrid
3M ESPE 820 minifil hybrid
KURARAY 850 midfilhybrid
[VOCLAR 66.7 microfill

SUN Medical 420 microfill

Figure 1. Teflon jig to make specimen for toothbrush wear test (a) and tensile strength (b).
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Figure 2. The jig for toothbrush wear test (a) and pin-on-disk type wear testing machine (b),

etz $ste] BEHzE =A7](SV-3000, Mitutoyo
Co. Japan)g ©|-&3t cutoff #| 4.8 mmoA] FHEE
£ 340 suxs S| oled ekt A
Fog 4L AAstlen, 7t AlHY 53] 34 § A
it Hapks ARl F SAAE st Bagk
< ARkt &gk ol&Ae] ost e mMzA W
sk Hrtslr] flste] Sl&d AT FHE FARAE
"] 7 (JSM-5900, JEOL, Japan)S & ¥23}9c},

4) QITAIY

SN HEL WEAEAE7](55609, Instron Co, USA)E
ol gsktt. AlHAE FAFEE A2o] AT TS,
crosshead?] €52 0.5 mm/minE A A3}e] AJHo| w3}

Mol o WA AL b AAREE
Ay Shdekee ARe] BRAoE Wrro] ARelglorn,
AR sl 7 agel fol4e B

5) sSAXz

2 A= BARA T2 33(SPSS 12,0, SPSS Inc,
USAYE o]&ste] dulx] 2kt (one-way Anova test)&
ANEE U, Tukey ARFAS osid BAIRH frolds
Arptden, FEdTE dedA T ke AolE
AT Fod AolE T-test2 B7FeFSITh. (p=0.05)

2 1

Table 29} Figure 3& 37C S5 oAl =g 1
F7 10,0003] EFA RS 1F9] 10000089 o1&
kR Fof BHzE 4 4745 Yehd B Tzl

Table 2, Surface roughness of samples after toothbrush wear test

water immersion

thermal cycling

pRE Ra Ry Rz Ra Ry Rz
G 0039+0008A  0431+0180  0285+0115  0105+0021b 08910112  0580+0090
73 0077+0013BC 064840302 041140183  0052+0013a 038240094  0.258+0,044
aD 0037+0004A  0206+0019  0197+0008  0055+0006a  0428-0059  0269+0024
72 0040+0007A  0383+0053  0208+0043  0037+0006a  0333+0045  0216+0022
cL 0041+0004AB  0376+0089  0275+0083  0031+0001a  0269+0046  0211+0007
HM 0081+0013C 056040124  0877+0084  0102+0007b  0674+0067  0450-0048
MF 0092+0027C  0648+0173 042940103  0120+0010b 081240029  0509+0021

Ra: mean surface roughness, Ry: maximum height Rz: ten point height

(values having same letter superscript were not significantly different)



2o o

th % AFTAME 0.1 pm oJEtR AF3] Ve Ra
#e Yepoy, A8 A2l wolMs SG, HM, MF
0] 0.1 pm o] Ra #o] SAHHALH, SG T2
7450 7 ok, 73, 72 9 CL & Alsta I
AT FHEREVF U =2 A JeRa Qi
CL #2 BAHCRE fofgt zlolg Ho|HA sk
AFE HYou, sG w3 GD w9 IEFAE ol
SA-oR foJst Aol Kol F7I8TE (p(0.05)

Table 3, Tensile strength of water immersed group and
thermal cycled group.

Group water immersion thermal cycling
SG 597+93° 472+115%
Z3 362+6.44 36.3+20.6®
GD 47 44328 396+12°
2 614+96% 632+42°
CL 746+66° 655+38°
HM 481+1 0% 398+28°
MF 375+4 3 1614207

(values having same letter superscript were not significantly
different)
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Figure 3. Mean surface roughness (Ra) of water immersed

group and thermal cycled group after toothbrush wear. (%

significant difference; p (0.05)

[ (b)

[ (a)

Roughness profile (arb. unit: um)

0.0 ' 0.I5 ' 1?0 ' 1.I5 ' 2?0 ' 25
Distance (mm)

Figure 4 Surface roughness profile of water immersed (a)

and thermal cycled (b) SG group after toothbrush wear

test.

Figure 5, SEM image magnified 10.000x on the water
immersed group (@) and thermal cycled groupl) after
toothbrush wear test (A: filer missed area, B: crack
propagation)
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