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ABSTRACT

ENAMEL ADHESION OF LIGHT- AND CHEMICAL-CURED COMPOSITES
COUPLED BY TWO STEP SELF-ETCH ADHESIVES

Sae-Hee Han!, Eun-Soung Kim?, Young-Gon Cho?*
'Dental Center, Chung Ang University Hospital,
*Department of Conservative Dentistry, College of Dentistry, Chosun University

This study was to compare the microshear bond strength (#SBS) of light- and chemically cured
composites to enamel coupled with four 2-step self-etch adhesives and also to evaluate the incom-
patibility between 2-step self-etch adhesives and chemically cured composite resin.

Crown segments of extracted human molars were cut mesiodistally, and a 1 mm thickness of speci-
men was made. They were assigned to four groups by adhesives used: SE group (Clearfil SE Bond),
AdheSE group (AdheSE), Tyrian group (Tyrian SPE/One-Step Plus), and Contax group (Contax).
Each adhesive was applied to a cut enamel surface as per the manufacturer s instruction. Light-
cured (Filtek Z250) or chemically cured composite (Luxacore Smartmix Dual) was bonded to the
enamel of each specimen using a Tygon tube. After storage in distilled water for 24 hours, the bond-
ed specimens were subjected to #SBS testing with a crosshead speed of 1 mn/minute. The mean #SBS
(n=20 for each group) was statistically compared using two-way ANOVA, Tukey HSD, and t test at
95% level. Also the interface of enamel and composite was evaluated under FE-SEM.

The results of this study were as follows:;

1. The #SBS of the SE Bond group to the enamel was significantly higher than that of the AdheSE
group, the Tyrian group, and the Contax group in both the light-cured and the chemically cured
composite resin (p ¢ 0.05).

2. There was not a significant difference among the AdheSE group, the Tyrian group, and the
Contax group in both the light-cured and the chemically cured composite resin.

3. The #SBS of the light-cured composite resin was significantly higher than that of the chemically
cured composite resin when same adhesive was applied to the enamel (p < 0.05).

4. The interface of enamel and all 2-step self-etch adhesives showed close adaptation, and so the
incompatibility of the chemically cured composite resin did not show. (J Kor Acad Cons Dent
32(3):169-179, 2007)
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Table 1. The components of two-step self-etching primer adhesives and pH of primers

Adhesives Uomporents pH Manufacturers
Primer Bonding agent

Clearfil MDP, HEMA, water, MDP, HEMA, DMA, 19 Kuraray Medical

SE Bond DMA, initiatator microfiller, initiator Inc., Okayama, Japan
DMA, phosphonic HEMA, DMA, silicone 15 Ivoclar Vivadent AG,

AdheSH acid acrylate, initiator dioxide, initiator Schann, Liechtenstein
2-acrylamido-2-methyl

Tyrian SPE/ propanesulfonic BPDM, HEMA, Bisco, Inc.,

One-Step Plus acid, Bis (2 methacry aceton, glass frit, 1.0 Schumburg, IL, U.S.A.
loyloxy ethyl) phos initiator

-phate, ethanol

water, maleic acid,

Contax sodium fluoride

hydrophilic and acidic
Bis-GMA-based resin 1.3

matrix, catalyst

DMG, Elbgaustrafe,
Hamburg, Germany

MDP = 10-methacryloyloxydecyl dihydrogen phosphate, HEMA = 2 hydroxyethyl methacrylate,
DMA = dimethacrylate, BPDM = biphenyl dimethacrylate, Bis-GMA = Bisphenol glycidyl methacrylate
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Fe o

(2) AdheSE T
AdheSE Primerg ¥54€ £ 24 {4 ¥4
Z Zot A g3l e 3] AlY &9
% AdheSE BondE &34 %01]
otal 7] AR Z 7PEA
A =5 g U5, Spectrum
HAAE Age Hgd T4 Filtek 72503 Luxacore
Smartmix Dual®] 22 SE Bond ¥} &2 WHoz
Al =] ek,

n:E
i

(3) Tyrian
Tyrian SPEZ xﬂ&}ﬂ ArgA <>ﬂ w}a} e 5 7
s 22 1¥e] 1 -
Agska 1027t —E*Xa‘i’iﬂr. One—Step Plus & 3-5
27t 250 FFE 8714 &5 Tl F, Tyrian SPE
7} A¢d Hgd B One-Step PlusE 23] 2431
28 1023 37] ARA 2 Aze9nh B o]
JE7HE gelgk & 10%37F Spectrum 80022 FFAls}

MEU

]I

AAAES Ae3 Hed B da Filtek 72503
Luxacore Smartmix Dual®] 322 SE Bond 3 2
o 2 Al E 9l

(4) Contax

Contax wolAE H#&d #EWd Filtek Z2503
Luxacore Smartmix Dual< 4 of <zt o2 27}
A& APttt WA Filtek 72250 FH3 4+
Contax-PrimerE 13]% brushel &3 HZ2 1w 2
£t 20%3F WA8 T} Contax-BondE 13]€ brush
o &3] W Ewe A&t 2027t A3 v, 371
AR 2 gt J2AE §A A3 Spectrum 8002
2 2027 FZA18I T Luxacore Smartmix Duals %
A 5ol HEd E¥ Contax-Primergs 134
brushell &3 B2 ] 2838l 20%7F WAskTh
Contax-Bond®} Contax-Activator® Z3-87]o 1%&
A Fuet & 527 E3ete] EFYE 134 brushol &
o Wik FHd A8t 2027 WA & 7] AldA|
2 A= HAAE gl B2+ 2027F Spectrum 8002
2 PN a3 HA2AAE A3 Hekd g o
o Filtek 72507 Luxacore Smartmix Dual®l 52
SE Bond v#} #& {02 Al L]},

172

\

U]Aﬂx%v‘r AREEE S A, BE AlHS AL
F5o A 24X 75 BslgiT).

olN

H

&2 A no. 15 blade (Paragon, Sheffield, England)
£ olg3ldq | ltek 72502} Luxacore Smartmix Dual<
A & Tygon tubeE AIASIATE. 2+ AlHE 71238}
o] cyanoacrylate 22 A 2td AAPEA| o A2 3
universal testing machine (EZ test, Shimadzu Co.,
Kyoto, Japan)9| zigdll g 3stitt. 342 n4 3919 st
o By xlel 0.3 m T wgE& HA (Tomy
International Inc., Tokyo, Japan)& H&stA 21, &
gl zlo] ek FHlA J}zé% Y74 B 1.0 me]
crosshead speed® ATtz 7Fiith. 49 2 AlH
o] mA A AP EE wmE SIS

3) FARAL An g #F
FARAAL g BEE foto] RS WA - skt
HTAE AHESIGT d7A9] A2 A& tololtE
A2 Adgt & 7F 23] Fwo|up AWE cyanoacrylate
BAAE AHESt gRlE Sl Haatiet. dHolv Ad
o] o dE-E Isomet Low Speed Saws o] &3}
At} Digital caliper%: o]-&3td X|ol7} 3 mm 7
2 AGH =S 23 & 74 otoll A Isomet Low Speed
SaW’é‘ o]&o].o:] ;(] o].E. :L_Sé/\] H]—G]:O oz A T;]—o].oﬂq.
| 8o Al HARE - Alsishy] del HEA
air-water A|HAZ 743o] AlH, Azttt 2t
Tolo] 212ke] A7h AV Tatoln] A S A
gt ol whet H8ek & 2% B 3 m FAR
247} 223l Filtek Z25O-4 Spectrum 80022 4027t
B 2 Luxacore Smartmix Dual $F3Hzgtol
% At 1§ AR ALl FRTA 2407 F

BT A%l dolol2E D ol §3lel 2 A4

9_
=
e

o
m PN
>

(&

= AW o] Wd 9 B3y Rle] ¥HS Wulst

Eltqq- [¢]

A e T4 3ol A Isomet Low Speed Saws: ©| 8
ato] 7t Al 9] 25 P4 W E ddste] 1719
709 Al S Ak, A Al Wy 53 29
wol Sle A AAS] Hste] 253AH7] (JAC-
Ultrasonic 1505, Kodo Technical Research Co., LTD,
Whasung, Korea)olH A|HES 5337t A2 61

FAPAA An A AEE 3l 2 AlEE stuboll F3
331 12 KV A4 8ol 187 700 Ae] AR Wgo=
=739, FE-SEM (S-4700: Hitachi High
Technologies Co., Tokyo, Japan) < AF&3te] 7+ 2] ¥
FA7} B3R AHE uul&2 HESI T

[

o



4) AEA

A7h AHAl Zetoln] JAA 9 Filtek 7250 181
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AR =e SE Bond wellA 7.13 £ 1.63 uk, AdheSE
TolA 4.97 £ 1.22 w, Tyrian T4 4.38 £ 1.14 e,
Contax ¥4 5.33 + 1.65 un = YERH°] SE Bond &
o] 74 A YERgt (Table 2, Figure 1). W =
7b Abpa zatolw] H 2 9 Filtek Z250 2 Luxacore
Smartmix Dual& H271 72 ] vAdE A4 EE
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Figure 1. Histogram showing microshear bond
strengths of Filtek Z250 and Luxacore Smartmix
Dual adhered to enamel by self-etching primer
adhesives.

Table 2. Mean microshear bond strength (up) of Filtek Z250 and Luxacore SmartMix Dual to enamel in each group

and statistical analysis

Group #SBS (mean + S.D.) No. of
Filtek Z250 Luxacore Specimens
SE Bond 10.81 + 2.46° 7.13 £ 1.63° 20
AdheSE 8.01 + 292 497 +1.22° 20
Tyrian 8.53 + 1.31° 4.38 + 1.14° 20
Contax 8.90 + 2.72 5.33 £ 1.65° 20

Superscripts of the other letter indicate values of statistically significant difference by Tukey HSD (p € 0.01).

Table 3. Statistical comparison between uSBS of Filtek Z250 and Luxacore SmartMix Dual within the same adhe-

sives by t-test

Adhesive #SBS (mean = S.D.) t p
Filtek 7250 Luxacore

SE Bond 10.81 + 2.46 7.13 £1.63 5.59 0.00

AdheSE 8.01 £ 2.92 497 +1.22 4.29 0.00

Tyrian 8.53 +1.31 438 +1.14 11.11 0.00

Contax 8.90 £ 2.72 5.33 £ 1.65 4.709 0.00
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adhered to enamel.

7250 adhered to enamel.

Smartmix Dual adhered to enamel.

Tukey HSD #H7%2 o|-&3t] ¥4¢ 27, SE Bond 9]
AT AT E Filtek 72503 Luxacore Smartmix
2 =

Dual B4 vl 374 # ueh Ao

174

Figure 2. Clearfil SE Bond and Filtek 7250

Figure 4. Tyrian SPE/One-Step Plus and Filtek

Figure 6. Clearfil SE Bond and Luxacore

Figure 3. AdheSE and Filtek 7250 adhered to
enamel.
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enamel.

Figure 7. AdheSE and Luxacore Smartmix Dual
adhered to enamel.

vetem (p € 0.05), AdheSE , Tyrian , Contax
o] MY AR E el e BATAH SR fo3t te]

£ UehiA] 29k} (Table 2).
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Figure 8. Tyrian SPE/One-Step Plus and
Luxacore Smartmix Dual adhered to enamel.
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(Figure 5, 9).
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Figure 9. Contax and Luxacore Smartmix Dual
adhered to enamel.

wteba] Zefolwof ojgh

TU3 Ao & o] A Hu?, Ao
A o BRI FFFOE
#71 hel] &2 AL o .

Sano 57l oJ8l PAAREEE HARSHE Wl A
oy, nAZFAE Ak UFE QAT 24
= g AREEAT Y. e pARIY AR E AANE
el AlZE = Al Ed 2go] a3, 59
24 Al Adste A HEE-E FoFste] 7477
A3 wgk mAlgk zhgo] A2 ThsAlol b, whebA
FAe] nAZFAEE A A ATEAFAE HAL
AlHA R0l Golata T Alde Al AR A
o] Ay, wepa] o] AFeA = HEE I A 2A|
2 B3zl ARAEE 45 Hal vAdd A%
A= AP E o] g38k9iTt

o] Aol Mo Filtek 72505 HHAIZ 7 ¢
t e A3 =E SE Bond TolA 10.81 + 2.46
£ Yehlo] YUz 37 FEG BATH R =4 Ve
%tk (p € 0.05) (Table 2, Figure 1). 3t Hed
Luxacore Smartmix Duals #2171 7+ F-9] v]A| At
A% SE Bond ¥°] 7.13 = 1.63 wwE YmA]|
37Me] TETE EAgACR =L nAAG dAPEs
ERAAT (p € 0.05) (Table 2, Figure 1).

SHA o] Al WAl g AdheSE ¢, Tyrian T,
Contax 9] AT AR =+ 7 2507 Luxacore
Smartmix Dual ZFA ZF 77+ A f2 Aol
£ YeRA] 9kt (Table 2, Figure 1).

olgfdt Avt= A9 HEFAA Clearfil SE Bond<]
AGAFAE7F AdheSES}F Tyrian SPES] AHEE
Hot EAgHoR Evha Budk Lopes 509 A+A3
<} frAbstSiTh. Yamada$h Sugizaki’'= Clearfil SE

e e

b
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Bond7} t+& 29A A7E A4 Ao Hle) =& A%
AE=E YERd o] tigte Clearfil SE Bondel %3
MDP (10-methacryloyloxydecyl dihydrogen phos-
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7} AHg2] Zefolulo] EakE A9 Aol wjiEo N A
Zagl=

Swift & Hgdd HHE One-Step Pluse
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A= One-Step Plusell E219] ghgko] Wol (8.5%) 1L
AEol7] wEolgtar stgith. o] AFelA Tyrlan o] SE
Bond wEH ¥ AFHEE YERH o]f+ One-Step
Plusell 234 29 (glass frit)e] &2} J&ﬁol d= F
glom w3t Hekdd g Tyrian SPES] ALA17F (10

Z)o] Clearfil SE Zeto]w]o] A&AIZE (20%) Ko} g
A& afte] gQle] & 4 9l A= A7

o] AFedA e B3 A (Luxacore Smartmix
Dual)el 238 2E A o] W oigh vjAdd 2
SAEE 4.38 - 7.13 wmiE YEY 53 3y
(Filtek 7250)7 A€ H 2ol wa] BE oA B
st o g e AFPeE el (p € 0.05) (Table

OE
2l

o
wnzkieruEQL

(R U g ) rEL ol mlo
0 4B o
-

AuH
N

176

). olglg A= sekest B3Rl et B &
?’Lﬁﬂ ] ZEHo W] i o2 AlRH

3pebd Bty A dutd o EE (peroxide) T
32} ol o2 A4 binary redox catalytic system< ©|
&3 A7) ikl Qs FRET. et B3R
o| olgjgh §hg-o ofaff A5 T wf FAA ] 5
ol 9= 23 E}a‘xﬂl_ spetse B S el
& 5 ey, ol vt shetet Bkl Rl A2 A o

H A& T T 9F 2A <] total etch A ZA|ol| A H
.L_QJ_ 0] 18,23, _/-l)

o] ¢ T*}ﬂx} a7 2ddA B 5EU
(Filtek 7250)3% HZ4 AMoﬂ F2%e] SE Bond i,
AdheSE , Tyrian ¥ Z5A #2503 Contax ol
Ae #EE A Fkout ‘ﬂ%@lﬁr g HehE o] FoTh
(Figure 2, 3, 4, 5). E3 31853 532 (Luxacore
Smartmix Dual)Zt &4 Ate]o] 23] SE Bond o
3} AdheSE #olA 292, Tyrian T3 Contax 7ol
Ae #ZEA] gstoy Hady) 19e S o Fo
(Figure 6, 7, 8, 9) s}8tz3 E3al 22} 29A 27} A
2 A=A 2] WA & YEREA ekt

Cheong 5%& “Joldo| 29A A7} M4 H2HA
(Clearfil SE Bond$} Tyrian SPE)$} & oA 4 2HA]
(Xeno III, AQ Bond)E 3t Bl oz H2AA
FozrdvnZ o2 was A3t 2uA 2p7h AR A2
A shetast Sz Aot AdA @l vl A3
AA vepd J2s2 e S s
water tree7} VERA] &tthar sb3ict. of2idt A3 = =

% aooh g;t 1}7} TR 4&}011317} l7l<>ﬂ ﬂ%ﬁ e

of A& & Wl gk 29 A7} Ak A3
o B3 B stk Sduxle] A9dEst AR
n7dE 53¢ AAWAE ke Aeg oz ofd fg
ABAQ AF7E AL g Eofof & Ao w YzE

of ATE Fdotd, WFEA HAAZ 294 A7E B
2 JEA ] vAAE AR es B STy BE
°lX SE Bond o] th& 374 it gASA 2 =
Uehston, RE oM G Sdule] vAde 2%
et S B ET SAdA o R A Ve
o g BE FAA G R AW 18 e g
ol shekggh Selxlah H2A kel WA Aol veh



v.d B
2 A7} AR HAAE o] 5te] YA tet
A3 sieted SREe 234w wash dnEA
A5 Bote] WakAlA 29 27} AR g3 o o)
8 U Atole] wiA RS Hrleke Zolth. FA
A @n| B2 M e FAAsh W Amzte] 1Y
HEE 29 A7 A A A s 59
Atolell A Wzt do] Ak o5& UehfA|gt stet
FE FRAL FEE SFAd v sAH
w2 ARAEE B SEsdd sdEle e
7wl helo] MiEFA o g AR thE HAA A

o o HU oofN X pol ok pt ofy

10.

11.

. Bouillaguet S, Gysi P, Wataha JC, Ciucchi B, Cattani

M, Godin CH, Meyer JM. Bond strength of composite
to dentin using conventional, one-step and self-etching
adhesive systems. J Dent 29:55-61, 2001.

. Miyazaki M, Sato M, Onose H. Durability of enamel

bond strength of simplified bonding systems. Oper
Dent 25:75-80, 2000.

. De Munck J, Van Meerbeek B, Satoshi I, Vargas M,

Yoshida Y, Armstrong S, Lambrechts P, Vanherle G.
Microtensile bond strengths of one- and two-step self-

etch adhesives to bur-cut enamel and dentin. Am J
Dent 16:414-420, 2003.

. Miyazaki M, Hinoura K, Honjo G, Onose H. Effect of

self-etching primer application method on enamel bond
strength. Am J Dent 15:412-416, 2002.

. Inoue S, Vargas MA, Abe Y, Yoshida Y, Lambrechts P,

Vanherle G, Sano H, Van Meerbeek B. Microtensile
bond strength of eleven contemporary adhesives to
enamel. Am J Dent 16:329-334, 2003.

. Toledano M, Osorio R, de Leonardi G, Rosales-Leal JI,

Ceballos L, Cabrerizo-Vilchez MA. Influence of self-
etching primer on the resin adhesion to enamel and
dentin. Am J Dent 14:205-210, 2001.

. Hannig M, Reinhardt KJ, Bott B. Self-etching primer

vs phosphoric acid: an alternative concept for compos-
ite-to—enamel bonding. Oper Dent 24:172-180, 1999.

. Kanemura N, Sano H, Tagami J. Tensile bond strength

to and SEM evaluation of ground and intact enamel
surfaces. J Dent 27:523-530, 1999.

. Watanabe I, Nakabayashi N, Pashley DH. Bonding to

ground dentin by a Phenyl-P self-etching dentin
primer. J Dent Res 73:1212-1220, 1994.

Hayakawa T, Kikutake K, Nemoto K. Influence of self-
etching primer treatment on the adhesion of resin com-
posite to polished dentin and enamel. Oper Dent
14:99-105, 1998.

Kiremitci A, Yalcin F, Gokalp S. Bonding to enamel
and dentin using self-etching adhesive systems. Quint
Int 35:367-370, 2004.

2ER A7 AHRAL EAFIS ZEtEl 2EEt BelEE =

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

fale] HEE A

ok

Tay FR, Pashley DH. Aggressiveness of contemporary
self-etching systems. I: Depth of penetration beyond
dentin smear layers. Dent Mater 17:296-308, 2001.
Tay FR, Pashley DH, King NM, Carvalho RM, Tsai J,
Lai SCN, Marquezini L. Aggressiveness of self-etch
adhesives on unground enamel. Oper Dent 29:309-
316, 2004.

Frankenberger R, Kramer N, Petschelt A. Long-term
effect of dentin primers on enamel bond strength and
marginal adaptation. Oper Dent 25:11-19, 2000.
Latta MA, Barkmeier WW, Triolo PT, Cavel WT,
Blankenau RJ. One year clinical evaluation of the
Clearfil Liner Bond 2 system. J Dent Res 76:162
(Abstract no. 1186), 1997.

Kubo S, Yokota H, Sata Y, Hayashi Y. Microleakage of
self-etching primers after thermal and flexural load
cycling. Am J Dent 14:163-169, 2001.

Z2FE, 23E. AL AR Zetolwgh Ap7E AR 3 AA] <
WA nAFE, X B E £838] %] 27:493-501, 2005.
Sanares AM, Itthagarun A, King NM, Tay FR. Adverse
surface interactions between one-bottle light-cured
adhesives and chemical-cured composites. Dent Mater
17:549-556, 2001.

Hu X, Marquis PM, Shortall AC. Two-body in vitro
wear study of some current dental composites and
amalgam. J Prostho Dent 82:214-220, 1999.

Cheong C, King NM, Pashley DH, Ferrari M, Toledano
M, Tay FR. Incompatibility of self-etch adhesives with
chemical/dual-cured composites: two-step vs one-step
systems. Oper Dent 28:747-755, 2003.

Tay FR, Pashley DH, Peters MC. Adhesive permeabili-
ty affects composite coupling to dentin treated with a
self-etch adhesive. Oper Dent 28:610-621, 2003.

Tay FR, Pashley DH, Suh BI, Carvalho RM, Miller
MB. Single-step self-etch adhesives behave as perme-
able membranes after polymerization. Part I. Bond
strength and morphologic evidence. Am J Dent 17:271-
278, 2004.

Tay FR, Pashley DH, Yiu CK, Sanares,AM, Wei SH.
Factors contributing to the incompatibility between
simplified-step adhesives and chemically-cured or
dual-cured composites. Part . Single-bottle self-etch-
ing adhesive. J Adhes Dent 5:27-40, 2003.

Tay FR, Suh BI, Pashley DH, Prati C, Chuang SF, Li
F. Factors contributing to the incompatibility between
simplified-step adhesives and self-cured or dual-cured
composites. Part II. Single-bottle, total-etch adhesive.
J Adhes Dent 5:91-105, 2003.

Yoshiyama M, Sano H, Ebisu S, Tagami J, Ciucchi B,
Cavalho RM, Johnson MH, Pashley DH. Regional
strengths of bonding agents to cervical sclerotic dentin.
J Dent Res 75:1404-1413, 1996.

Sano H, Shono T, Sonoda H, Takatsu T, Ciucchi B,
Carvalho RM, Pashley DH. Relationship between sur-
face area for adhesion and tensile bond strength-evalu-
ation of a microtensile bond test. Dent Mater 10:236-
240, 1994

292, AN UFAT oo g2 A vk 2%
BT, digkR] A E 2819 x] 30:344-351, 2005.

Cheong C, King NM, Pashley DH, Ferrari M, Toledano
M, Tay FR. Incompatibility of self-etch adhesives with
chemical/dual-cured composites: two-step vs one-step
systems. Oper Dent 28:747-755, 2003.

Yamauchi J. Study of dental adhesive containing

177



LHBHIX| BHEZES}S| ] Vol 32, No. 3, 2007

phophoric acid methacrylate monomer. Jap J Dent
Mater 5:144-154, 1986.

30. Lopes GC, Marson FC, Vieira LCC, de Andrada MAC,
Baratieri LN. Composite bond strength to enamel with
self-etching primers. Oper Dent 29:424-429, 2004.

31. Yamada T, Sugizaki J. Basic properties and clinical
application of the Clearfil SE Bond. Preceeding of the
International Kuraray Symposium, Osaka, p1-6, 2000.

32. Perdigao J, Lopes L, Lambrechts P, Leitao J, Van

178

33.

34.

Meerbeek B. Effects of a self-etching primer on enamel
shear bond strengths and SEM morphology. Am J Dent
10:141-146, 1997.

Reifeis PE, Cochran MA, Moore BK. An in vitro shear
bond strength study of enamel/dentin bonding systems
on enamel. Oper Dent 20:174-179, 1995.

Swift EJ Jr, Perdigao J, Heymann HO, Ritter AV.
Shear bond strength of one-bottle adhesives to moist
enamel. J Adhes Dent 11:103-107, 1999.



2EV| AW A4 BARS HBIE BEET AT SEARS Y HE

2CHA| K7t LA TEH ZetE 2SS e sleiS e SaTlel M HE

o] A9 B L 20 AZE AR HAAS ol ool WA e BFU HAFF 2R ARUE Ao)
2 vlwala, T A)AAQ) BAL Fajo] 280 AL A B} RRol BaE )

HEE7HE eheo) sld Ak

nAAS AP EE S43817] 918k Isomet Low Speed Saws ©]&dte] LA g2 E &, YA wekoz
1 m A7} H=5 4 0}04 gl 7o dH-g eI '10}94 AHES VY] oz E7/e & AHE HZ A
wte} SE Bond i, AdheSE &, Tyrian & Contax ¥ 0.8 7ttt 7 o] H2AE 7 AA o] Mg gwd &
£3 & Tygon tubeE ©|8 ‘3}01 FTEY 2R (Flltek 7250) E+= 31853 537 (Luxacore Smartmix
Dual) % Aaet). A9 S7ol 24417 Bk A3 & yniversal testing machineS o]&3fe] 2 AJH 9 &

ez el F&AHol JJr 2 7A] £9 1 me crosshead speedS 7}ate] mAAY A =S 2469
o} 7 2o A Ae A=At fo4 AS5E two-way ANOVASF Tukey HSD 2% 2 SHEE ¢ AF S
o] gat] p = 0.05 frefFEolA A8t

FAPAAL dn A #EE Yal AT dlFx] ] Flolu Ao Wk dFE Tsomet Low Speed Saw= Awhet &
7t o] A o A BEEdl Be ety = of Z} & 27|H Al AAskginh, AR &

n7 st A MR E I H3A 3 B3R ANS #deto] o =

1. 3587 gets3 533 2594 SE Bon E

A o2 =A Vet (p € 0.05).

2. B8 e B3R 254 AdheSE ¢, Tyrian ¢, Contax w2 H#gde tig njA] Adt 23 4=

E AT R o3t Ato] & YERNA] &ttt

(]

o,
=Y
1o,

1 O

3. TLE HHAE AR A, ZE oA WA tid F e niAde 29dEE e 5
ARG SAgA o= A Yebstt (p € 0.05).

4. B HAA 9 HFd A2 0L S vehlo] stetaa Sauldst A3 bl vjA g o] YehA o
kTt

F0{: A AR, AV A A, AR, e dd sl

179





