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Table 1. Composite resins used in this study

Product name Code Cure type Batch No. Manufacturer
Clearfil Photo Posterior; P Visible light 000002 Kuraray Co., Japan
Clearfil CR Inlay C Heat 0002A Kuraray Co., Japan
Brilliant Enamel B Heat 9208960 Coltene, Swiss

gg7e] 3EY AVt 5 € R £
Antoniadi$} Kubia® & #58 Egu A 217}
% B4R E 37°C U3 % 31°C +FA
108, 24A7, 25, 43, 1Y, 127]Y¢ R&
T ZEWHsE 3EAS 2 37°C YT BE
T A B A= 24 JEleH, 45
MAe BE7 F7HEASE Eudlgth. Walts
YL 5FFY FARE BTY EYuRY =
AAEE 37°C U713 RN @A =2
A Jehged, 1534 Ju FAd 223
thz Rusth. E Leung ¥, B5H
A& 37£2°C 5o R@SNA 102, 20%, 30
B, 408, 508, 60, 19, 79 HHoR 89
AEE 2T A, 14 Fd H3 FEA =
23 S& g v Ut

38 Chungd Greener™ £ 27A49Y FFL
FAE 234 E¢gHIY 424 & F9ded F
8% 98L 939y Rustgy, Wilson §°
0 Jsopast$} &L micro-fine filler +EE2L
A7)k AR hardening effectE VeIt
Rty

EPA L FAE AFHE JFo A3 H
£ A71749] A RE Bdly] Y8t FE
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S 1FAYY 43 FA BE AFAAN E
g NAH AR FHA dolde °)F
A% 43 #¥=Ho vt Euyen, St
anley? Wendt & €& 713 & o E¢39
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e nE ARHE AAGTE T 4 A0n 37
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YT JE Aol § BRAAH FAY 338
B3UY BYAAL o5 @A 47, B
# 27 2 2@ Al G FUYE wnE
#E5e] had AR E Y710l oo Bashe
whol o,

I. 8= 3 Y
1. dEN=

2 A¥dME 2F9 71EFHY Qg g B
##% (Clearfil CR Inlay, Brilliant Enamel) 3}
159 FAF 304 Y 592 (cle-
arfil Photo Posterior) &2 #F 3%59 Eggixl
L A} &35l tH(Table 1).

2. dgyy

1) A& A%

Zo] 2.0 mm, WF 7.0 mm9 ¥F9 teflon
mold & A ZFste] LHd] f@BE Zu HLd
A A7) 2%9 71EFEY ddol & BEgEA 2
139 #5339 2L $43k polyester
matrix stripd fEl@o2 AHstn 7 E]t
1 AZRIYALY FRAE A o] 402
t FZAEY F 180709 AW & Al Fs o)

2) AYY BF

Clearfil Photo posterior, Clearfil CR Inlay
4 Brilliant Enamel& Z}7 6044 A & 35}d,
QA AHG gAY & AHOE BF



Table 2. Code of experimental groups divided by under condition of storage and heat treatment

Composite | Duration Storage condition
for
resin storage Air at 37°C Water immersion at 37°C
Heat treatment | No heat treatment | Heat treatment |No heat treatment
Clearfil lhour P-H-A P-N-A P-H-W P-N-W
Photo 24hours P-H-A P-N-A P-H-W P-N-W
posterior | 74ays P-H-A P-N-A P-HW P-N-W
lhour C-H-A C-N-A C-H-W C-N-W
Clearfil
24hours C-H-A C-N-A C-H-W C-N-W
CR Inlay
7days C-H-A C-N-A C-H-W C-N-W
) lhour B-H-A B-N-A B-H-W B-N-W
Brilliant
24hours B-H-A B-N-A B-H-W B-N-W
Enamel
7days B-H-A B-N-A B-H-W B-N-W
C : Clearfil CR Inlay . Air storage

B : Brilliant Enamel
P : Clearfil Photo Posterior

&y, £F7E AEE oA 37°C U] 2Ees
37°C % 2@ Lo 2 1574 AR +
F B EL FHTE ALY 15714
FE AB 2 B@ A zbol we} 147, 24A17 2
74 To2 54 AEFAA 449 AN +
7, 2% 24, B3 A% ¢ FAA 274 o
g AR EE FH3AHTable 2).

dxg e 449 B3R A R34 AA]
o] we} Clearfil Photo Posteriore Stanley®}
Wendt'®, Kanca®’ 9] o]&d] ¢A3tY 125°Cdl
A 787 71E389 1 Clearfil CR Inlay: Heat-
cure unit KL 100 (Kuraray Co., Japan) & o]
£3l9 100°ColA 1587 71g3std ey Bril-
liant Enamel& D.I 500 light/heat curing
oven (Coltene Co., Switzerland) & o] &84

110°Co A 783 7HE 385t

£
g

=
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. Water storage
. Heat treatment
: No heat treatment

z oS >

3) EUAE 33

Z4zte] B e Ztztel R@gxo] whet A7,
BAF F (A7, 24X 2 79 ¥4 Vickers
microhardness tester (MHT-1, Matsuzawa,
Japan) & o|£3l9 50g9 3FE 102F< 71
sto] FES FA® F 4009 FEAD] 7 3ol A
&9 4o 98} Vickers hardness number
2335t

HV =(.1891 F/d?
HV : Vickers hardness
F : Test load(N)
d : Mean value of the diagonals
of the indentation (mm)



Table 3. Vickers hardness number according to heat treatment and storage condition after duration for

storage
Composite | Duration Vickers hardness number
for
resin storage Air at 37°C Water immersion at 37°C
Heat treatment | No heat treatment | Heat treatment |No heat treatment
Clearfil | 1 hour | 118 14% 7.47 103.58+11.26 108. 78+ 11. 63 97.76+ 6.85
Photo | 24 hour | 127.92%+11.78 116.81+14.72 121.21% 8.61 108. 02+ 9.18
posterior | 7 qays | 128.11% 9.14 118.98x11. 16 121.89% 8.33 114.61£10. 65
Clearfil 1 hour | 130.49%13.36 109.71+12. 83 119.87+11.70 107.25% 9. 40
CR Inlay 24 hours | 136.49+14.90 121.76L 9.03 123.65%10. 77 115.44% 8.05
7 days | 141.24% 9.41 131.22+ 9.75 127.27% 9.26 120.88% 9.42
Brilliant 1 hour 75.67t 4.33 64.68% 1.02 64.63% 6.48 - 57.52+ 1.57
Enamel 24 hours | 76.84% 1.96 70.61% 1.16 65.52% 4. 14 63.53% 2.22
7 days 78.18+ 1.89 71.52% 1.57 66. 86+ 5.56 64.40% 1.05

Table 4. Vickers hardness number according to heat treatment and storage condition

Composite Vickers hardness number
resin Dry at 37°C Water immersion at 37°C
Heat trea_tment No heat treatment Heat treatment No heat treatment
Clearfil Photo
posteror 124.73£10. 57 112.794+13. 94 117.291% 1.26 106. 84+ 12.65
Clearfil
CR Inlay 136.07£13.81 120.90£13. 74 123.60+10. 88 114.51+ 9.70
Brilliant
Enamel 76.81% 3.18 69.50% 3.27 65.67% 6.05 61.74% 2.92
M A% 8% 37°C 7] HHE R#A gAzl® Clearfil

2% 714 F¢¥ dd ol 5 1F
9o FAR FHL FFEY Y AH 180
NE g8 #5F EF 24 € 2F A
g 233 ¥HZEE Table 33 Zx g8 #
B ORF ZAY 23S ZUASEE Table 48
Zom, EARAcE ANOVAE ol £3gth
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Photo Posterior, Clearfil CR Inlay ¥ Brilliant
Enamel®] EHAE+ 124.73+10.57, 136.07+
13.81 € 76.81+3.182 ez, Iz A
%L B4 112.79£13.94, 120.90+13.74 ¥
69.50+3. 272 Yepgth EF, 37°C £F9 K
#A] d=x]ald Clearfil Photo Posterior, Cle-
arfil CR Inlay ¥ Brilliant Enamel®] ¥9 3 &
= 117.29+11.26, 123.60+10.88 % 65.67%



Table 5. Comparison with Vickers hardness number (VHN) in three com-posite resins according to heat

treatment and storage condition

Code VHN Duncan’s Multiple Range Test
(Mean £S.D.)

C-H-A 136.07+13. 81 I

P-H-A 124. 73£10. 57 .

C-H-W 123. 60 10. 88

C-N-A 120.90+13. 74 l

P-H-W 117.29+11. 26 l

C-N-W 114.51+ 9.70

P-N-A 112.79+13. 94 l

P-N-W 106.84x12. 65

B-H-A 76.81+ 3.18 |

B-N-A 69.50t 3.27 |

B-H-W 65.67% 6.05 |

B-N-W 61.74% 2.92 |

Table 6. Comparison with Vickers hardness number (VHN) in three composite resins according to heat

treatment followed by storage condition

Code VHN Duncan’s Multiple Range Test
(Mean *S.D.)
C-H-A 136.07£13. 81 |
P-H-A 124. 73£10. 57 '
C-H-W 123.60£10. 88 I
P-H-W 117.29+11. 26
B-H-A 76.81+ 3.18 |
B-H-W 65.67% 6.05 |
6.052 uUelgy, EXYsx gL F L= 65.6716.052 YElxts @xed Clearfil Ph-

106.84£12.65, 114.51+9.70 ¥ 61.74+2.922
et Aol g EFEAR #AF 18 BF
¥ EExe RaAxdd #ARe] EAEE
& A¢7t dAEE gL FHRT F=7)
=A Yebgtth(P<0. 05) (Table 5).

RAZAL <2 B3F EHEE Clearfil
CR Inlay$} Brilliant Enamel & t)7]) %] L3¢
7% BAPEE 136.07113.81 ¢ 76.81
3.18, #%9 X3} BF = 123.60£10.88 ¥
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oto Posterior & th7]F0] &% %3¢ 124.73
*+10.57, £%9 R F ¥ 117.29£11.26
o= yeht gAEj Qg o) & E3E A 173
338 B3I EHIA T3 U154 B
B A7 54 RAY F+EY AR &
A Vel (P<0. 05) (Table 6).

A7t A3te] g ERHANY ERHEE B}
3 A, AFolg EHHAE FHHHA b
Fol HEF AL 1AL, UNT R T AY &



HAEE Z+2} Brilliant Enamel& 75:67+4. 33,
76.84+1.96, 78.18%1.890]1 Clearfil Pho-
to Posterior= 118.14%7.47, 127.92£11.78,
128.11£9. 14019, 3 23 A ¥ &4
Zk 64.6316.48, 65.52%4.14, 66.86L5.565%
108.78+t11.63, 121.21%8.61, 121.89+8.332
A BR@zdd FAflol AR B we {9
3 =0l 7t I AW, Clearfil CR InlayE €3

geiA th7]Fo e FF 147, 440 2
79 A9 FHEASE Z4Zb 130.49%13.36,
136.491£14.90, 141.24%9.41 024 A7+A 3o
e Fxg Aozt vebgrt. (P<0.05) (Table
7

FRA 2719 BE FFEY BEHEE |
g 234, AHF £F5 RFF FF Cle-

Table 7. Comparison of Vickers hardness number (VHN) over time in three composite resins with heat

treatment and at different storage condition

Code VHN Duncan’s Multiple Range Test
(Mean %=S.D.)
C-H-A-7day 141.24% 9. 41
C-H-A-24hr 136.49414.90
C-H-A-1hr 130. 49+ 13. 36
P-H-A-7day 128.11+ 9. 14
P-H-A-24hr 127.92+11.78
C-H-W-7day 127.27+ 9.26
C-H-W-24hr 123.65%+10. 77
P-H-W-7day 121.89+ 8.33
P-H-W-24hr 121.21% 8.60
C-H-W-1hr 119.87+11.70
P-H-A-1hr 118. 14 7.47 ,
P-H-W-1hr 108. 78t 11.63
B-H-A-7day 78.18% 1.89
B-H-A-24hr 76.84% 1.96
B-H-A-1hr 75.67+ 4.33
B-H-W-7day 66.86% 5.56
B-H-W-24hr 65.52t 4.14
B-H-W-1hr 64.63t 6.48

Table 8. Comparison with Vickers hardness number (VHN) according to filler size of three composite
resins after heat treatment

Duncan’s Multiple
Range Test

Type VHN
(Mean *S.D.)

117.29+11.26
123. 60 10. 88
65.67+ 6.05 |

product name

Coarse hybrid
Coarse hybrid
fine hybrid

Clearfil Photo Posterior
Clearfil CR Inlay
Brilliant Enamel
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arfil Photo Posterior (coarse hybrid type) =

117.29+11.26, Clearfil CF Inlay(coarse hy-

brid type) &= 123.60%10.88, 283 Brilliant

Enamel (fine hybrid type)o] 65.687+6.052 1}

elu} coarse hybrid type8 A=/} o A ek

B THP(0. 05) (Table 8).
V. &% & o

o] @z A 8F FUIE A o
#Y dA EFEA 7AE A B2y
A Ade] @A waHALUYE T, F A
golu} o} gEo vja 4 Jdo] Ao
2 Fofsin] YAHCE Yo L Bl U
q_sn'

2, FARE B 22 42 F 53
A EAEA, Y, HAvETol e
', o]F uEAYA L EHAEY UHE A S
AGeP®, BN FAPEE FHES
gag ™ g3 42& wgsA 2o
%, EggAe A== €Ay, R@Ezrd, @
A7, %7] BRAAIZ, 23 FIMFEA, A,
234 ¢4F € FEAY EAF T d3 4
F& HAEH.

Stanley$} Wendt'” & 37k 35 584
A& 125 ColA 2.58, 5% 7.5% 10& a9
X 158 X 29, dH% B § a4
Azele Al BES AFFET wolF L
o ol BAYE 7587 A AHAAN ¥
&S Ruyty, E3J Bausch TP 60°C &
Al LEqA B¢ fLFEY AFTBE
o FAL Jehfygen ol 7ta(cross-lin-
king) o 93 E3 A ¢AAol FEHTL
X u3}gl 7, Stanley?t Wendt' & do) 9 2
A FHoE AR, "uEE, AAPYPo] AT
AXdta Rauslgen), Peutzfeldt®) Asmu-
ssen® & anhydride & ##3l= HHEA9 7|
AZ A dFE AL 2AFTH 2EH AS
A7t A3E AFsided A FEY RS
125-150° Col A 1A17H5-¢t 7FEA] YEldta B
sy
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8, Z3 F¥ e 2F 9F YA Ay o)
FAE HAF S FF G FAM AFEEFY W
AE 28 23402 71Y¥ A Aol & &
gades FEF F47 JH 332G F 5o
Hj &l HE R F&o] A vEldtty B
on, A3 ¥ A @R dgoly
FILAE0 FF AFA olu] FHE B
& A FIPEE FIA 53 +F
S A& 7 U0 Eud b o

McCabe$} Kagi'” &, SIS /s s
223 HE L F4NE & M 9A vAF
20 Z4HE FF0 L e & 97
dAixe Qdel & AR FAF FHE B
% B@ZP0 #FAQe] X E ¥ Bt
A E stA] & Bl visteq X} $A
vk thH(p<0. 05).

% Kanca’ &, 3714 B3 SHuAS
23°C 7% 37°C 39 AZSA 0, 5%,
IAIZE, 24A12, 79 ARF FES 3% 2
3, 23°C 7153 37°C % 5% 279 &
AEY Zole A AHRE YU )7}
[z, 24A F ARG WY =
E BRAT dAgd A HY A5 vk 0n
Y38t} Antoniadi®} Kubia®® & 47}A] $%35
#2334 4717 2A7t5E e BAARY #E
AT A, IsopastE AT 7|ety B2
4330 FRPEAE Yelid e, P-10& A
% ZE EFAA 37°C g7]F E@Y 43
£ 37°C % 289 %4 $d vl3toq BT} 54
el &g Easiyh

Fraunhofer®® & A7 38 A8 Fr ¢ wt&
2339 A& sl F ATA 244317}
A BEHR FEE T8 L, lmm AA T
He AT} AAEA] gL EFERY AT =
& AEE Eugony, Hrasawa 7" & 844
A9 FEFFA & FFL2 TTFSS BT
F on, 7AW FHAY FgFo] BT
E $RE4-Y A YAAS(linear coefficient
of expansion) & Z4E01 Ry,

ol g B AY FAEF /e FRA o] Fd
E B3R N2 WA 7tadgt(cross lin-



king) o] A&F o2 WAy W] m®, A
7 A F F£5 AHY FEY Bhde oRET
Z A% 3349 71239 €& (debonding) ©]
U 22449 48 (hydrolytic degradation) w2
.9.5?: }g Z}gq}z,ss)'

o] ATNANE AT Aol & EFARH
FAE AL B} F3] )T Ry
A7t #F0] B Aol vsle FE7}
gtomy, G 7§ Clearfii Photo Pos-
terior$} Brilliant Enamel& A7tz w}& 3
29 zol7t Qi e} Clearfil CR Inlayd] %%
98 Aol 7} YERSETHPLO0. 05).

38, Chungi} Greener™ & FA§ £7 &
B9 FHIE, 234 &F a28ln 714
A AA Apole A #F AFAAN FAAY
ok(volume fraction) ¥} AFZEL #A, 4
A2l %(volume fraction) 3} F =94 #A o A
o3 4@ @A A8 Wi FAAY
g FAR 27 ¢ B A& At
Ed 8% 9¥& g9dvn Rusigen,
Wilson 5% & AXE $£EBEHY iP5
B3 AT A 27 E}YRY BEL +F AT
Al eks] A x| gt Isopast$} Z& micro-fine filler
FEEFHL A7)t 23 hardening effect
& Vet Basn, g gL £F 7
AR 2AL B¢ B HA B 4
dd ATFoA 279 go] FNETH A4S
A%, 429275 ¥ FEJ FHEH Eu
dgom Vs 2AA7} Bol TFE AFLT
2 QW A4V B AE} 5L AR Ru
g H} .

o] AFIA dAE #F EI2d, EEA
7vo] AF@§l0] Clearfil CR Inlay Al EHH
=71 g EgdARG /g 34 veEd s,
Clearfil CR Inlayel At4¥ 3349 FHI &
o] g B uistd FEANE LT N
= 248 AW/ WEA ReE AP F
Clearfil CR Inlayy] 284 =7)& 3.54.0 md
coarse hybrid #o]i 86.5% FHLE FAHH
¥ld, Brilliant Enamel& $3A 3717} 0.4~
2.0 mo}j 3 Fo] 77%%) fine hybrid Folm,
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Clearfil CR Inlay$¥} Clearfil Photo Posterior &
QA YA FFo BASG B FEd oA
Fog wg #ol7k AW o fr= Clearfil CR
Inlay$} Clearfil Photo Posteriore A2 %Y
JA A Fo 2N FHAY 2], §F 281 F
g 5ol AE v|&dy] dEY ALE AZ4d.

oA Z& AJE nFo| Ko} o|n| FHH
23z 2340 TS FEIAY FEE
299 73 g3 HAAF 2EE A
28 2AF AE AR 2AsH & FAA
o 7, ¢F 2 7t 5 ESEAE A
dald FEEY THE AL T e &
A7, 5#2E 9 EEANLS 29 EFHEA
9 284, J|1AF 449 Wsg A% d7381o
of & ALE Y73

V. & =

A2 7METHY dHol & BEgaAG FX
T 34 B3YY P g AHEste gAg
5, REXE 9 X A ©E IRRRE
Hrstz] Y8l e Aol E B L
2A Clearfil CR Inlay$} Brilliant Enamel & A}
£33, 7AY 3L FFYEF By
2 A Clearfil Photo Posterior& A}£3}e] 7}g
U YEol & FHEH A FAR FHE BF
¥y EgeEzle] X f578 gusiy 3rcC
534 37°C t71Fe] BEG §F 1Az, 244
ZH 79 o ZEAEE Y39 89 2L
AEL A

1. A& S A 388 594d =5
Razdd #AQel €4 F A=t &%
tH(PL0. 05).

2. AEE FIHIL 7] T RAY B¢

T EaAT 39 vste F=7 A v
Bl (PC0. 05).

3. gAa% A, Clearfil Photo Posterior$}

Brilliant Enamel & A|Zt F3o] W& FE9
zpol 7k AL UH(P)0.05), t7]Fol E@3
Clearfil CR Inlaye #93% AEY Fo]7}



[y

oo

. Raptis C.N.,

vebst oHP0. 05) .

B3y ASE coarse hybrid typeo]
fine hybrid type®tTk © A JeERETHP
<0.05).
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— ABSTRACT —

A STUDY ON SURFACE HARDNESS OF COMPOSITE RESINS ACCORDING TO
STORAGE CONDITON AND HEAT TREATMENT

Seung-Hoon Kang, D. M. D., Byung-Soon Min, D.D.S., Ph.D.

Department of Conservative Dentistry, College of Dentistry, Kyung Hee University

The purpose of this study was to evaluate the surface hardness of composite resins according to heat
treatment, storage condition and storage time.

In this study, two kinds of composite resin inlays and one kind of conventional posterior composite resin
were used as experimental materials.

One hundred eighty composite resin specimens were constructed from composite resin inlays and
conventional posterior composite resin.

The conditions of this study were heat treatment, storage condition and storage time.

Hardness readings were taken from the top surface of each samples using the Vickers microhardness
tester (MHT-1, Matsuzawa, Japan).

The following results from this study were obtained :

1. Regardless of storage condition, both composite resin inlay and conventional posterior composite resin
have a higher surface hardness under heat treatment than not.

2. Composite resins with heat treatment have a higher surface hardness under dry storage than under water
immersion.

3. In case of Clearfil Photo Posterior and Brilliant Enamel with heat treatment, there was no significant
difference with time, but Clearfil CR Inlay with heat treatment, there was statistical difference after 24
hours.

4. Surface hardness of composite resins with coarse hybrid type was higher than that of composite resin
with fine hybrid type.
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