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## 5376138232 : MAJOR PROSTHODONTICS

KEYWORDS : TENSILE BOND STRENGTH / SHEAR BOND STRENGTH / DUMBBELL

ITTIKORN SAELOW: EFFECT OF LIGHT ACTIVATION OF BONDING AGENTS ON
BOND STRENGTH BETWEEN RESIN CEMENT AND RESIN COMPOSITE.

ADVISOR: ASST. PROF. NIYOM THAMRONGANANSKUL, 86 pp.

The purposes of this study were to evaluate the effect of light activation of light cured
bonding agents on tensile bond strength (TBS) and shear bond strength (SBS) between resin
cement and resin composite by using 2 products of bonding agents and resin cements (Optibond
all in one + Nexus 3 and Scotchbond Universal + RelyX Ultimate). For TBS test, 60 resin
composite blocks were prepared by sandblasting with Al,O, and randomly divided into 3 groups
for each of the resin cements (n = 10 per group), according to surface treatment by bonding agent:
group 1: not to apply bonding agent, group 2: applied bonding agent and light cured, group 3:
applied bonding agent and were not light cured. Resin composite blocks submitted to the same
groups were luted together with resin cement and light activated. The bonded blocks were
sectioned and shaped to dumbbell specimens. TBS were tested by universal testing machine. For
SBS test, 60 fixed resin composite blocks were prepared by fixing resin composite blocks in PVC
tubes and sandblasting with AL O,, randomly divided into 3 groups same to TBS test. Each fixed
resin composite blocks was luted with resin cement which filled in a clear plastic tube and light
cured. SBS were demonstrated by universal testing machine. From the results of TBS test found
that group 3 (RelyX Ultimate) produced the lowest TBS significantly and had adhesive failure in
majority. SBS test demonstrated that group 1 (both resin cements) produced the lowest SBS
significantly and had adhesive failure in majority. It was concluded that resin composite blocks
which were prepared by sandblasting with Al,O, and light cured of bonding agent before the

application of resin cement produced the highest bond strength.
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mauuzih I lssuanussunen Indaunuwsin lurale o n3al sy MIYIULAIUATOU
=~ . . A 2 a A o

WuvusinWumen (implant-supported restoration) HDIMINFUNULFITINNISHATNDAATUD
A oA ] A A dy FIR) o Y ! Y

anmganguigaazizgadunssiinannmsuame laves vhldussnienea ldisnilu

= Y J ' 9 . 2 .« .

ienaznszenlasson Idun dawaneo1gmsldau (longevity) vo931nWluifion (Nandini,

H 1 v oA aad o
2010; Leinfelder, 2005) w3 lunstindiletianzmatSiuan luanuuziilvysuz Taoms

9}@9) a a A a a ) A 1 . =2 v
T¥¥unussunon Inga mmmﬂﬁmuﬂaﬂwamwmm&wquqq (Touati B, 1997) 33%7¥

[ dy o PR A 1 1% @ 4 .
ﬂﬂ"“lf‘]JLLix‘]iﬂﬂﬂﬁ‘1J§°’ILﬂfJ’J“I/I111’1GI)”JEJaﬂLLSQﬂﬂWﬂ%@ﬂgﬂ)ﬂ?zﬂ%ﬂuﬁ (Jain, 2008)

1 Qy a a Y a o 9 g’/
ﬂﬁg‘U'J‘L!ﬂ']ﬁ‘ll115111!\1']1!!5“Ifu‘ﬂ'ﬁ]llTWﬁ@iuﬁ@ﬂﬂaﬂﬁﬂ’]iﬂﬁgﬂﬂﬂﬂﬁﬂ 2 VYUADU Tﬂfl
< v 9 A 9 ? 9 < 3 ..
mumummﬂumi‘leJﬂ’J‘c’JLLﬁWﬁEJﬂ’NiJiE}HLLﬁzmumutjﬂmmﬂumiuum (addltlonal or
[ ] 9
secondary curing) INOINNAINITUVA (degree of conversion) Tunau (Asmussen Y
[ 9
Peutzfeldt, 2000; Peutzfeldt Li0g Asmussen, 2000) G?N%%ﬂ’lﬁ'TJNuﬂ$%38aﬂﬂ1iﬂﬂﬁjl%\3ﬂaﬁﬂ1ﬁi
(volumetric contraction) HazanAMIIAY (stress) (Ferracane Ua¥AML,1995; Soares, 2005;
Nandini, 2010) u@ﬂ’ﬂ’]ﬂuﬂTﬁUN“ﬁTﬂQLWNﬂTﬁLGH@Nﬂﬂﬁ wmmwummmuﬁ’ui’ﬁg wﬂll‘ﬂiﬂ

a a S o 1 1 % A @ [+
BUADUUNTY 1B LUALANAE | ’é)%ﬁ® %ZQﬂ‘lJSJG]fWB]}’JEJﬂ’JHI%I’é)uGluﬁﬂTJgﬂﬂJﬂ’ﬂllﬂu%Tﬂﬂﬂf

4 @ v & 1w ) a
”luiﬁilﬂulﬁi’)%jﬂﬂﬂuﬂﬁfJ‘iJfNﬂﬁ%‘U’Juf‘lﬁ‘UN@]’JﬁﬂﬂﬂT“ﬁf’Jf’JﬂC}fﬁlu (Touati, 1997)

= = 1 1 2,’ A 1 ] v e d'

UMsAnEIMUNMTUNEIENTIINAINTUNAY [Aseeaz 6 — 44 1ileeninluana

a 1 o ann o a a 4 1
lawmasmadmnsouns  (diffuse) 91 lhgaseny lawninsaa Tnames launau

v %A ax ) v o o

(Peutzfeldt, 2001) Tagmsuu1H1a1875 15y 1¥A1udeu (heat) ANMUAY (pressure) ATNAU
UYIMA  (vacuum) umﬁdmmmum (high light intensity) (Soares, 2005) niol¥sed
ad . .. - = (A T ) d ' axy
21aAN 39U (Electron beam irradiation) (Nandini, 2010) G]NWu31mmmummwmuimmamﬁ
Tian lauuana1aiu (Peutzfeldt, 2001)

v

] 2y o S
Wendt 48 Leinfelder Tl 1990 Hmmi?iﬂy1wammmmwmaﬁummawmm

H ] g v J aa {
sFuney INGa nUTBUOLsTuRey TnEaTiTnsUuddieanueon Inasnineaatinia
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v v
nanAelinMIsIFNUTNUVOULATIMTITIINUNAINTYsUY HoonFuIsTUADN Tnds
d’d 1 9 =\ 1 =\ 1 L = 1 1 [ 9 [
NUMITUNAIBUAUNEDEUATY LANUIIOATINTAN (wear rate) WUANANNY AOAAABINY

= ) ~ ~ = 1 v Y A 1
MIANYIVOY Kildal a2 Ruyter 141 1994 11ag Ferracane 141 1995 §4Wu1mMstuainane
L 1 1 % 1 1 9°l 1 1 [V = ua Qy
MIANAINMITUNA uamM U Jlnaseauianamemnuaz auian19naves¥uay
a a é U [ = =) d‘
5FUADN INFAFUANANNUMITANEIVBY Peutzfeldt tazame Uil 2000 (Peutzfeldt, 2000)

[ [ sol 1 A Qy a a a [
memsuumﬁNa@]aﬁummnmﬂmwmawmmLimuﬂamiwmmwamm“ﬁ
=< v a A d a a a
U598ATZHNINH ISTUBNUA uaz‘mmmimuﬂeuiwaﬂ

Qy a a a =KX o Y A lé’ (K a A o

FUIU Li“]ﬂlﬂfJiJTWﬁ@%3Lﬂﬂfﬂiﬂﬂﬂﬂﬁullﬂﬂﬁiﬂlluﬂluﬂgﬂﬂﬂu LTFUFIUUALRS
2 a a A ~ @ a A Jd < o Y
GBH\HHL?“BH?]E]SJI‘WEWI (Shortall, 1996) 1H8INUNITWAUUTHFUBINUADYIITIALT ) ‘ﬂﬂﬁlljﬂ
=2 ' o a A (G E N T =2 1 a
8ATENNINUA VT FURIUUATAIGIUY (Barkmeir, 1992; Latta, 1994) ANIIEATENINAUTHU
= s £ A A o Y A ' sl Aa 2 A 0
FINUANVTUNUSTUADY INFATI0D 1199910 ﬂﬁﬂﬂﬂﬁiﬁﬁﬂﬂ%u%N’JGU?N“D'UQﬂWIﬁ]&VI”I

aaa Y a A J v & ¥ ~ { a
ﬂgﬂiﬂmmmumuum (Latta, 1994; Shortall, 1996) #a1iUTUADUMIIATENNUAIA U T UYDA

)

2 a Aa K I A o o A o Y a =S o Aa A Y L%I
%uﬁTulﬁ%uﬂﬂﬂJIWﬁﬁ’iNL‘]_Iuﬁ\‘]ﬁTﬂﬂJLW@ﬂﬂﬁlﬂﬂﬂTiﬂﬂﬂﬂliqﬂu%iﬂuﬂﬂﬂﬂ%u
=< v a A dou a a a
lﬁﬂﬂﬂig‘ﬁ?13!5“1514“1‘!3»11!9"11!‘]51!\111!!icﬁuﬂﬂui‘l/‘lﬁﬂ
a A d =<
LIBHUBINHALQTATTEN

@ a 4 o a Qy { A Aa oA ] Qy
Tagtiussugmuagmiinlglumsadasucuinaaniesl jams wu Fuau

] = (J

AN TUADY TNFAUASIFI NN 1IN UaNTAFINaNng 1wy Imsazatead luresin

9 ° ) J = Y A1 o o 2 Ax 1A S a A A ' A
u@ﬂﬂTiﬁaﬂﬂTiﬁjgﬁﬂigﬂﬂﬂaﬂTﬂ UATNIAILIIYANANIFIUUATUADU €] UASIUDULLTFY

= o = ] o ] Y I3 ]
G]ﬂllu@‘]llagﬁ’]'iflﬂﬁ’]llﬂi$ﬂ'3uﬂ'ﬁﬂllﬁ'3%$LLLU\?llﬂlﬂu JEVUVVNON (self cured system) Iﬂfﬁ]g

a a Y Y aan 9 4 4 . 4
Lﬂﬂﬂ"liW’E)ﬁLll@vlil,“]fﬁlﬁalﬁ]"lﬂﬂ"liﬂig@Ju‘ﬂ{]ﬂimlﬂuﬂﬁlﬂﬁﬁlwai@@ﬂll“ﬁﬂ (peroxide) LALINDT

a A

= . . 1Y . . . a asa
IBYTIONY (tertiary amine) JEUUUNAIGNEAN (light cured polymerization) %Zlﬂﬂﬂj‘]ﬂ‘iiﬂiﬂﬂuﬁﬂ

afhnianuennausg 460-468 uilumas lilnszduans laflau (diketone) 15u uanIvlls

v
@ a

a I a aan 1 1
A1UU (camphoroquinone) IaelatoluuAITEUURATOTIN (co-initiator) HAZIZTUVUN
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SIN3032UUYOA (dual cured polymerization) Tagdzisznounieasisuaumsnaneae'ls

FFUNIAD91521A7N (O’ Brien, 2008; Burgess 1agAm, 2010; ISO 9917-2)

Ay a A = A = ' A A Vg
u@ﬂ@]ﬂu’ﬂ1Wﬂ1§ﬂ!1ﬂﬁ$ﬂﬂﬂ’]ﬁﬂﬂ@]ﬂﬂ]@\?ﬁ’]ﬁﬂﬂﬂgﬁnJ13ﬂllﬂﬁlﬁmumluu@ﬂﬂ!ﬂuuﬂﬂ

4 | J | aa a A g .
NONOAONT (total-etch) 15aNONT (self-etch) vagisaNuoATFTFUTNUA (self-adhesive

resin cement) (Burgess,2010)

a S a < I 1 1) a < o
SEUFIUAYIanonoaeny AuszuuninmslenialSuaniniifu Taena llinee
Y F
ldnsaleanasn (phosphoric acid) USuammunanaeuilumaziiioundousu ualssuy
= o a [ d I'4 = = 9 a A oA
FNUAVNNAANUN 15U 11losUoUATHOUAD (Super-Bond C&B) v 15nsadasnuazivassn
4 .. . . x @ dy .
Aaolsa (citric acid - ferric chloride) lumsdSuanimiieluuny (Sun Medical Company,
o v A o A < A acg A &
2012) TagnsarzinvinNazaevudiesuazaiseiunidoannmasuuLaziiony
1 a < o 1 ' { ! .
noldinagngwan q lvaissa lvan rldauneiiofuimeosn (exposed dentinal tubule)

a d J a o £ @ 1 1
Lﬂﬂlﬂullﬂﬁli%ui%ﬂﬂﬂﬁﬂTﬂ (microresin  tag) UBNIINUU ﬁWiﬁﬂﬂ\uL‘Vﬁﬂ G‘fim"lﬂmu FOIIN

v
%

' Y A a a Y Y o Yya o Aa v 2 a =
i%ﬁ'JNLﬁuGlElﬂ’E] annau !JJf]LﬂﬂWf]ﬁLll'E]lliL‘ﬂfﬂ)’ﬂl!ﬁ3%3%11ﬂlﬂﬂlﬂu%uﬂﬁﬂﬂﬂ1%u JUIN B3

a o a Jd a a [
ﬂszﬂauﬁ’aﬂmmmuuasLﬁ’u%ﬂaaamu 1/1ﬂﬁ’zwu%mumﬂﬂms?jﬂmﬂuﬁuﬁw Lliﬂﬁﬂ

i
[ ~

Aa A 4 dy Y
HUUNAIZAUYANIA (micromechanical retention) 13BUFMUATZUVHZ IFMIMAMs BN
Nga (Neelima HazAME, 2008; Mandava HAzAME, 2009; Melo LagANY 2010) AL NNT
Y ) )
MOuMawTuAsY 1azliswUMINAMSTEINUREINTYTULZINNTZVUIY FUNADIN

9
mmmwmmzw'mmumuﬂ"ls“l%'mu

a A S a e d I A A @ 9 an 4
ISFUBNUAFUAsaNIoNY gﬂmwuwuﬂﬂuﬂﬂfguu Taalgosanuouaes
o ) o a oqv & o o
(acidic - monomer) 4nUNF MnIAlumMsUsuan Aty sihlvaatuasunismauas wazm
Y ~ o = £ A = 9 a " w =2 A
oM sderndannmssaruaiuanadiioinnaisonszn 1 lurnluminuanuani
aa 4 @ a Y ] PR A g}/ é’ 1o o a
uedanueuaues Usuamwniuer 3 Tasutaladlu 1 wie 2 ﬂlumumuagﬂmcﬁa%lmmm
14 [ = a a
Iwswesd (self-etching primer) N1ILLDA g 15% 1 (adhesive resin) FTUUMITIARAVBIATIALVY
4 4 ] aa S Y I A a 1
walieny a1u1TaNNn NN IVodLETANNAURWET Ity 4 1sziande (1) ¥unoU

110 (ultra-mild) TAANUTUATA-A19 (pH) WA 2.5 (2) BiiABOU (mild) UA1 pH Uszun 2
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3) ¥ 11nag (intermediate strong) A pH sz 1-2 uag 4) ¥UALN (strong) 1

pH oanu3omny 1

=2 A = J IR A o A ] ? s J
STUUMITAAAVENaIsIaLUUsa WionSaanan UHINUR LS U alos (smear layer)

]
v v v

aa 4 2 S J o w ) s 1Y d!y a A
Tﬂﬂl!'ﬁ]"ﬂﬂﬂll@umllE]ﬁ]%ﬂ%iﬂﬂ"]f uﬁmamazmm”lam@ﬂ% 31J11‘VI@LL?"I“]51JWHN'N] UNENUY

] 2’, = a9 aA " o o 9 v 1 Y = A 9
NIANTUUBIISUUDA a%z"lum@ummﬁu“la%aamuuazmtﬂmmaﬂmmaLclsﬂmweﬁlﬁv

=R a =57 aa 4 KX A v Aa 493 "o a
GLuﬂ'lfl'EJﬂG]ﬂ‘ﬂ'l\i!ﬂllﬂﬂll@%@ﬂn@u@&lﬂi Tﬂﬂﬂ'ﬂil'ﬁ'lll'l'iﬂcluﬂ'liﬂﬂ@ﬂﬂﬂﬂ?ﬁuﬂlu@gﬂﬂ%uﬂ
o 9 an 4 =3 =\ 1 an d o
ﬂﬂIﬂi\‘]ﬁi'l\“ll!ﬂ“]fﬂﬂiJ@u@m@ﬁ HASHINPNAANTNULANTSHIN JUDANNUDIUBDIN U

a ¢ o 0 9 99 ¥ =2 a = ¢ ¢

ulﬁﬂﬁﬂﬂ“]f@ $1J']vh/1@ u’f)ﬂfﬂ']ﬂuilﬂ"lﬁllugu']slﬂclslﬁgﬂﬂﬂ']ﬁﬂﬂﬁﬂﬂl@ﬂﬁ?ﬁﬂﬂl!ﬂﬂl“ﬁﬁwmﬂ%

a 1 RX—a o dy 9 =R A = 4
G]fuﬂ'ﬁ]’ﬁ]uslufﬂﬁﬂﬂ@]ﬂﬂﬂluﬁ]ﬁuuﬂuﬂ'ﬁiﬂﬁg‘]J‘]Jﬂ'liflﬂ@]@“llﬂ\‘]ﬁ'liﬂﬂllﬂﬂﬂﬂﬂﬂal'ﬂ‘ﬂ%

(Meerbeek tlaznmg, 2011)

o a2 a A J 3 A 9 ana 4 9 1Y)
wranoaasvissumuua 1y szuunlsuesanueuswesunumslensalumsdsy
a A v a A Jd a J 4 o a a Y aan =
gV UHN o UN LIS FUFIIUATHAFa WoNY Lm%llﬂ‘ﬂ%!ﬂﬂw?aﬁL‘JJﬂhl'i!“D’GIfuﬁ]”lﬂﬂ{]ﬂifﬂLmJ
1 @ Yy 9 a A o dy Y ~ g’u v A
FIUNUNMITNITUAYLUT Iﬂﬂli“lﬂ!%LNH@]?%UUH%%GI,G]SNEJWE:{@] AAVUABDUAN €] A3 LUBIN

1Y o Aa 9 A 4 =< A 1 1 1 < =
”lﬂﬁﬂﬁﬂﬁﬂﬁﬂTWW'Jﬁu@?ﬂﬂﬁﬂﬁﬁ’E]‘V”fﬁﬁllWﬁLmﬂﬁlla$ﬁ1§ﬂﬂﬂﬁ1‘!ﬂ@u Llﬁ@ﬂ'lﬂhlﬁﬂ@']llll

[ a A o dal Y1 o o = Ao A
i’lﬂ\?’l“WUj’lLi%U%ﬂJUﬁigUlllﬁ]gGl,ﬁﬂ']ﬂ'la\‘llli\iﬂﬂﬂﬁ'l‘ﬂq@ ( Burgess Liag AL, 2010)

TuedalisanunuiiielFiaasdunil szuuluewiIoszUUgoa SINAVIZVDMS
=2 a a s 2 A A 4 s 0 q Ya 'Y o
danavtianoneaony 2 vuaeursosiamailions 1 vuasu azihliinannu ludnums
~ . . o "o A o o & a X <
1N (chemical incompatibility) FTHINIAUTFUNUAITYA FIUNAVUIN AN uUNIAUDY
Aaa 4 o aan o d A A =\ o Y (aca = 4 .
ueFANNBUOINET InIenny mest ¥eselu Ml URnTe15a0ne (redox  reaction)
1 a I'4 &Y d A A = [ Y a a @ ~ [}
sevnuuy Tedanleseen laany mediFaseliv anaa vhld mamanedwe sy #ily

4 1 v 1 o w {
auu‘lim@nnmmwammmmgm%ﬁﬂ’aﬂm (Tay, Pashley LiagAdie, 2003)

9
v v

o o 1 ann L4
aniutagiiu 1atinmsud lvlaels dauseljnseotiaendszunlasnin (temary redox
catalyst) 191 1020 TAeuyed NI IsanTaniin (sodium salts of aromatic sulphinic acid)
4 G da A a
a131/5znevee 3M IuTuseU (organoboron compounds) H3oNIANITININIUAITAISINARE

156 (barbituric acid/ cupric chloride) (Arrais ttazAaz, 2008) Tagana1smaitias luasgaiie
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= 4

9 [} Y] anan é dy o anan [ an J a
Yosnumsdauns UfnsenSaend aeesil azlilvinl§nser nuuedanueuomesunu 1na
Wia (phenyl) WieluuFuga Iiiansusana (benzenesulphonyl free radicals) 48 ﬂzllﬂﬂiwj}u

Tinalfnsemoame lsiduaiuu (Tay, Suh tazAme, 2003)
FUNUSTURNINER

a 1 a J v ay a a 3 [ a
ﬂ'lfl'ﬁﬂ@]ﬂigﬂﬁ'l\?ﬁcﬁu%muﬁﬂ‘]JG]f‘LNTLl Lﬁ“lﬂ!ﬂ@NIWﬁ@ﬂgﬁﬁuﬂgﬂUﬂ?ﬁﬁﬂ@ﬂﬂ?ﬂﬂa
1A ] gol Qy a
(mechanical adhesion) TGEAGEY (chemical adhesion) HAEID99IAMTUUFIVDIFTUNY ISFUADN
a o Y = @ 1 1 4 % I'4 a dy a qy o 9 =K A
T‘W’L’f@]1/]'lﬂh/ilfl/iﬁ@‘W‘L!‘ﬁ3@53W31\1ﬂ15UQUﬂUﬂ15U9u UIIUNUHNIVUDIFUITH ATUIUUDY IINA
a v 1 . N % A = Y Y 1 1 =KX A =
W’f)ﬁli]@ulﬁl‘WIfU'i'JﬂJ (copolymerlzatlon) ﬂULi“ﬁuﬁﬁmu@(‘lﬂu@ﬂﬁﬂNaﬂ@ﬂWiﬂﬂﬂﬂﬂNlﬂM

v

(Shortall, 1996; Asmussen, 2000 1A% Peutzfeldt, 2001) fariumsdaaamanaduiiuiladd

=® a 1 Aa A &% ay a a =< [ a A 9 =
Glumiﬂﬂ@]mzw’mgwummumﬂu%uqm Liﬁliuﬂﬁ)llI‘Wﬁ'G] “INﬂﬁ“]Ji‘]JfTﬂWWW’JLW?JﬁiN!L‘i\‘IEJﬂ

o Y axn ]
Vl”lx‘lﬂﬁﬁNﬂiEWH"lﬂﬁﬁTﬂ’Jﬁ IFU
4 a A d
- miwumﬂﬂzgmuﬂman"lmm

' Y a A 4 I ad & a £ a a A A
MinuAezgiitionoon lua (HuITmMIEEssuEITUTTUAOY THFANOINNNG
=2 A d‘d =) Y o = d‘ 1 o w =R =X
ganamanana lag D Arcangelo tazamzlud) 2007 layhmsAnyuiemamaansidana
1 Aa A o Qa' a A Aa G a 9 a1 9 1
FEUNUIFUTU AR FUNATOUITTUADN TNAANTNMSAToNRIA75AN 9 uaz Tadgin
"9 a s J Y1 o w = A A '
mymsnumgozgiitionoon ladvuia 50 Tulaswasldaimausdangs iosnnmsnu
9 a A d o 9}3 a Qy = a 1 o Y a 2K A
awezgiionoon ladmldnumrunulianuuguse  mases  nldineanmsgadaniana
Y] [ a 4
imm;amﬂﬂmwu%muﬁ (Asmussen, 2000; Soares LLasAME, 2004; D’ Arcangelo Lag Vadini
. =\ o ~ a ay a a Y 9
, 2007) Martin tazaz Uil 2001 wugIMSAToNRITUOUTFUABN INGA laglinua e

a J [ Jd 2 1 2
ngulﬁﬂﬂﬂﬂﬂll“ﬁﬂﬂluiﬂ 50 lliJIﬂiLiJ@]i ﬁjﬂﬂlliﬁﬂu 60 Youanoms 1t 5282 H1991INTUIU

AN INAA 1 I UAIUAT
% (Y]
- msl¥nIana

. = . =) Y o =2 A ' o w =< J
Swift 141l 1992 1ag Martin 111 2001 Ulﬂ‘ﬂ1ﬂ15ﬁﬂH1LW@ﬁ1ﬂ1ﬂ1ﬁ\1!Li\1EJﬂ'iZ‘I’T'JN

a 4 z:y a a 1 a Qy a a { Y
SEUTIUALAZFUNATOLITFUADN NG WUNMITEToUAITUILTFUADN INTGa NN a1
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n3inlalaswgoasn (hydrofluoric acid) ldmidwssdanios Taonsasgsimrnazatossu
a 4 Y . o Y a [} ] 9 @ [
wnsnguazeynAun (El Zohairy, 2003) vhlvinavesuazvgu uanavesmsldnsanalu

] Y
ansoman 1@ iiemnTuegnurtinveussunen Indauazanuduiuyensa
Y [
IS A o

(Peutzfeldt, 2001; Martin, 2001) uonniinsalalasvgesinduiluaaniinsunsedlinas

~ a ay 9 Qddy
MTIUHITUIUAIGITU (Peutzfeldt, 2001)
4,4 . L
- msmms‘nmmwmama1m‘m1un1s"lmam (wettibility)

~ = = 1T o w = 1 a A 4
Stokes 1143) 1993 1 Soares 1143 2004 ANHIMIAINAULTITATLHNUTFUTIUUALAL
2 a a 1 ] 9 a A J ' v
FunadousFuaoy Inga wunminumeezgiitioueon lyavuia 50 Tulaswasswny
d'qy a a Y1 o o = 49! A v 9
MIMes launFuau 55U aonIndasz Tiamawsdags U 11e91nMIswuaIe
a A Yo w a a d A dal a 2 a a o Y a
pygiidiouoan lyd IdmiasFummindusnaiuAIves ¥y sFunen Inda vhldinans
Y
IHEVBIDYNIALAY LAz zARUEZIANNUAT lsiau (Bouschlicher agAng, 1997) UpNIIN
] 1 a 1 Aa A a 9 ny Y~ 1
MIMANT brauIzsedadsums nausve s suduua Iawamivearunulaa dawa
ABAIMAITITA (D’ Arcangelo, 2007) UANITNIANT lstauazaamaluMsNAMALsIgn
' a A so £ a Adaa I J e .
FEUNMUTFURINUANUF U5 1UN52aNn NUFan 1T He9nlsenen (silica-based ceramics)
v Y
IAANTFUNUTFUADN INER (D’ Arcangelo, 2007) HONIINHIINMTANHIVDY Swift LiazAM

~ 1 [ ] 9 a A g Y1 o w = [
Tuﬂ 1992 WU'Nﬂ'l‘i‘l/]'lﬁ'l‘iulclﬂﬁu’ﬂaQﬂ1iwuﬂjﬂ@$gMLUﬂN@@ﬂUlcﬁﬂélﬂﬂ1ﬂ'lﬁ\°l L1338A l'lll

J 9 Qy a A A a a 9 ] 9 Aa A = 1 s
LL@Iﬂ@]NﬂU%uﬁTuli%uﬂﬂMTWﬁﬁﬂmiﬂMW’Jﬂ’JEJﬂﬁWuﬂ’J81’03QiJLuEJNEJ’E)ﬂll"“D’ﬂLWfNi’JEJNmEJ’J

=2 1

o w 1 a o Qy
Deschepper Llﬂ$ﬂﬂ‘l$1ulﬂ 1993 ﬁﬂ]&l']‘ﬂ']ﬂ'lﬂ']fl\‘1LLﬁQ§ﬂ§$ﬂ31ﬁlﬁ°ﬁuﬁlﬂuﬁlm$%u
a a 9 Y1 o ~ a £ Y ! Y
NAEDU LTHU ﬂ@ﬁJIWﬁ@] Lmzllﬂﬁ'gﬂllnmmﬁnﬂmimaﬂum%uﬂﬂﬁﬂumﬂmiwuma
A~ Eal [ 9 a ' Y = @ vy Y
ﬂ%@lﬂluﬂﬂﬂﬂﬂﬂ,%ﬂ 5'31Jﬂﬂﬂ'liﬁlfb'ﬂiﬂ1’ia1ﬁl°lfuﬂ W‘]J'J'lﬂ'liﬂ'l@?flﬁ'liflﬂiﬂElf.l\illll@]’f]ﬂﬂiziﬂu
9 1 9 Z’, Y U 2 9 Aa A 4 Y1 o w = 1 1A
ﬂ3EJLL'?N53%@381“%”@@”@@%18ﬂ@uﬂﬂﬂ?ﬂlﬁ“ﬁucﬁmu@] fﬂﬂﬂﬂ1mam’iwﬂqm’sﬂuﬂqum
n v = ~ Y o = A 1 o w =< 1 a
UliJU],@VI'Iﬂ']iflﬂ Latta Llﬂ$ﬂﬂ‘l$1uﬂ 1994 hlﬂ‘ﬂ']ﬂ1§'ﬁﬂ‘l§']LW’EJW']?]'Iﬂ']ﬂ\?LLﬁQElﬂ§'$1’i'3'l\‘u§'°lfu
= o ay a A A = a ay 9 1 v 9
G]ﬂlluﬁl,l,a$%uﬂﬂﬁ@‘ﬂlﬁcﬁuﬂ’f]llIWﬂﬁ‘Vlgﬂmiﬁlﬂﬁ'ﬁnﬂﬁa’]ﬂ?‘ﬁ llﬂl,lﬂ 1) ﬂ'lﬁﬂﬂﬂ')ﬂﬂﬁﬂllaiﬂﬁ
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1,12-dodecane dimethycrylate

silane treated silica

1-benzyl -5-phenyl-barbic-acid, calcium salt
sodium P-toluenesulfinate

2-propenoic acid, 2-methyl-, [(3-methoxypropyl)
imino]di-2,1- ethanediyl ester

calcium hydroxide

titanium dioxide

<} J J a
ANPATUDUA YU

nosuwa

bisphenol A diglycidyl ether dimethacrylate (Bis -
GMA)

2-hydroxyethyl methacrylate

decamethylene dimethacrylate

ethanol

water

silane treated silica




18
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9 a ' o w =< X
MW N HFAAIVDYAAUVUDININIAILLIIYAAN (umzﬂmma)

Fuawii nguii 1 NQNM 2 NQNN 3
1 30.45 38.43 24.46
2 35.49 32.18 30.77
3 37.17 44.06 33.17
4 25.14 33.17 44.26
5 36.55 4228 40.17
6 3221 36.61 26.34
7 34.59 34.05 31.07
8 32.75 29.85 30.12
9 31.31 38.23 3113
10 28.01 37.49 28.24
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Ao uail
One-Sample Kolmogorov-Smirnov Test

ngud mmdasedaae
limansda N 10
Normal Parameters®” Mean 32.3670
Std. Deviation 3.82154
Most Extreme Differences Absolute 120
Positive .104
Negative -.120
Kolmogorov-Smirnov Z .378
Asymp. Sig. (2-tailed) .999
manstandInszdudiouas N 10
Normal Parameters®"” Mean 36.6350
Std. Deviation 4.44805
Most Extreme Differences Absolute 143
Positive 143
Negative -.098
Kolmogorov-Smirnov Z 453
Asymp. Sig. (2-tailed) .986
manssanda linszdudionaa N 10
Normal Parameters®” Mean 31.9730
Std. Deviation 6.03795
Most Extreme Differences Absolute .256
Positive .256
Negative -.113
Kolmogorov-Smirnov Z .808
Asymp. Sig. (2-tailed) 531

a. Test distribution is Normal.
b. Calculated from data.




a J
A1519 A MIAATIEHANUMToUVRIANNLLT15IU (Homogeneity of Variance) #2815 14

A
MINATDULUUAIU (Levene’s test)

] ' { & vy a ¢
(20 FRNIN] ﬂ'ﬁﬂﬂﬁﬂﬂs\]@yjﬁﬂnﬂaﬂﬂlﬂﬁﬂﬁ 3 [IGEY ﬂ'lﬂﬂ'li'JLﬂ5']3Wﬂ’)'lllllﬂiﬂﬁ'gullﬂﬂ‘]ﬂ'l\uaﬂ’)

(One way ANOWA)

Test of Homogeneity of Variances

o o = =
AINAILIIAA

Levene Statistic

dfl

df2

Sig.

.551

27

.583

ANOVA
[RGRGSIERT N
Sum of Squares df Mean Square F Sig.
Between Groups 133.684 2 66.842 2.830 .077
Within Groups 637.616 27 23.615
Total 771.300 29
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MW A HAAIVDYAAUVUDININTAILLITIYAA (mﬂzﬂmma)

Fuawii nguii 1 NQNM 2 NQNN 3
1 24.45 33.35 23.18
2 30.77 30.84 22.29
3 33.79 40.24 26.85
4 28.66 43.18 32.17
5 29.23 29.28 24.23
6 34.49 32.34 29.39
7 33.01 30.77 21.83
8 32.43 39.26 22.03
9 31.37 36.79 20.37
10 32.59 30.63 24.45
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One-Sample Kolmogorov-Smirnov Test

ngud mmdasedaae
limansda N 10
Normal Parameters®” Mean 31.0790
Std. Deviation 2.98544
Most Extreme Differences Absolute 75
Positive 127
Negative -.175
Kolmogorov-Smirnov Z .552
Asymp. Sig. (2-tailed) 921
mansBaudanszdualsuda N 10
Normal Parameters®” Mean 34.6680
Std. Deviation 4.84689
Most Extreme Differences Absolute .207
Positive .207
Negative -.133
Kolmogorov-Smirnov Z .655
Asymp. Sig. (2-tailed) 784
manstanda linszdudiouea N 10
Normal Parameters®" Mean 24.6790
Std. Deviation 3.72576
Most Extreme Differences Absolute .225
Positive .225
Negative -.124
Kolmogorov-Smirnov Z .710
Asymp. Sig. (2-tailed) .695

a. Test distribution is Normal.
b. Calculated from data.
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A
MINATDULLUVAIU

Test of Homogeneity of Variances

o o =
AINAILIITAAT

Levene Statistic dfl df2 Sig.
2.331 2 27 117

1 { gjj 1 a 4
AN U mﬁmaau%yammﬁammm 3 nQu ﬁ}ﬂﬂfﬂﬁ’uﬂiw‘I’iﬂﬂm!ﬂiﬂiﬁuuﬂﬂﬂﬁﬁﬂﬂ

ANOVA
mmdausadiafe
Sum of Squares df Mean Square F Sig.
Between Groups 512.070 2 256.035 16.595 .000]
Within Groups 416.579 27 15.429
Total 928.649 29
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Multiple Comparisons

Tukey HSD
Mean 95% Confidence Interval
' . Difference

(1) nguii (J) newi (1-) Std. Error | Sig.  [Lower Bound|Upper Bound
limensta  mansBaudinszqudaoues -3.58900 1.75664 121 -7.9444 .7664

mastauda linssduiionas 6.40000 1.75664 .003 2.0446 10.7554
mastaudds  limansde 3.58900 1.75664 121 -.7664 7.9444
PRI g inssfudoou 9.98900°|  1.75664 .000 56336  14.3444
mastauda’ll Timansta -6.40000 1.75664 .003 -10.7554 -2.0446
U adanssdudaonag -9.98900°|  1.75664 000|  -14.3444 -5.6336

*. The mean difference is significant at the 0.05 level.
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WindanauazasoaNan I uNodNALDUA 0oad U U

M5 Y waatoyanUvesmMawswamow (wnzihania)

Fuawii nguii 1 NQNM 2 NQNN 3
1 49.34 41.60 54.87
2 27.58 63.36 47.30
3 37.75 51.32 55.92
4 41.81 42.54 54.00
5 46.85 58.82 52.23
6 40.32 42.74 50.29
7 35.71 45.87 51.34
8 52.94 43.69 48.56
9 37.56 57.01 4481
10 34.92 55.81 58.28




79

a 4 (Y 9 9 Y v IS
A3 4] NITAATICHNITNTTINYAIVDIVDY A arems lemsnagouTuuzutlalas luInsow

Ao uail
One-Sample Kolmogorov-Smirnov Test

ngud mmdusdaifou
limansda N 10
Normal Parameters®” Mean 40.4788
Std. Deviation 7.54460
Most Extreme Differences Absolute 141
Positive 141
Negative -131
Kolmogorov-Smirnov Z 447
Asymp. Sig. (2-tailed) .988
mansBaudanszdualsuda N 10
Normal Parameters®” Mean 50.2756
Std. Deviation 7.99778
Most Extreme Differences Absolute .209
Positive .209
Negative -.155
Kolmogorov-Smirnov Z .661
Asymp. Sig. (2-tailed) T74
manstanda linszdudiouea N 10
Normal Parameters®" Mean 51.7604
Std. Deviation 4.15663
Most Extreme Differences Absolute .105
Positive .079
Negative -.105
Kolmogorov-Smirnov Z 331
Asymp. Sig. (2-tailed) 1.000

a. Test distribution is Normal.
b. Calculated from data.
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Test of Homogeneity of Variances

o o < A
ANAAULIIYAINDU

Levene Statistic dfl df2 Sig.
3.094 2 27 .062

1 { gjj 1 a 4
13N g mﬁmaau%yammﬁammm 3 Nqu ﬁ'wmiamswwmmuﬂiﬂsauuuumuﬁm

ANOVA
mmaausadaiiou
Sum of Squares df Mean Square F Sig.
Between Groups 751.521 2 375.761 8.159 .002
Within Groups 1243.467 27 46.054
Total 1994.988 29
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Multiple Comparisons

o w < A
AINIAAULINYAIRNDY

Tukey HSD

Mean 95% Confidence Interval
' ' Difference

(1) ndwit (J) nduid (1-3) Std. Error | Sig. |Lower Bound|Upper Bound
himansta mastandanszaudasuda -9.79680" 3.03494( .009 -17.3217 -2.2719
masdauda hinszdudhouas | -11.28160 3.03494| .003 -18.8065 -3.7567
mansBaudanszdualsuda himasta 9.79680" 3.03494( .009 2.2719 17.3217
manstand linszdudiouea -1.48480 3.03494( .877 -9.0097 6.0401
mastauda linszdudouas  limansta 11.28160° 3.03494| .003 3.7567 18.8065
masgaudansedudiouda 1.48480 3.03494| .877 -6.0401 9.0097

*. The mean difference is significant at the 0.05 level.
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9 a ' o w =< A
I N LTAVDYAAUUDNAINTAILLIIYARDY (mﬂzﬂmma)

Fuawii nguii 1 NQNM 2 NQNN 3
1 39.80 46.72 32.74
2 29.76 47.16 44.53
3 18.12 28.04 48.69
4 42.00 36.83 40.08
5 34.33 49.03 35.54
6 31.73 51.15 52.75
7 32.89 56.49 67.46
8 33.81 46.31 41.36
9 26.29 68.92 61.33
10 37.18 53.80 66.84
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One-Sample Kolmogorov-Smirnov Test
ngud mmdusdaifou
limansda N 10
Normal Parameters®” Mean 32.5892
Std. Deviation 6.86337
Most Extreme Differences Absolute .150
Positive .100
Negative -.150
Kolmogorov-Smirnov Z AT75
Asymp. Sig. (2-tailed) .978
mansBaudanszdualsuda N 10
Normal Parameters™" Mean 48.4448
Std. Deviation 10.95893
Most Extreme Differences Absolute .223
Positive 131
Negative -.223
Kolmogorov-Smirnov Z .704
Asymp. Sig. (2-tailed) .704
manstanda linszdudiouea N 10
Normal Parameters®" Mean 49.1312
Std. Deviation 12.60019
Most Extreme Differences Absolute 143
Positive .143
Negative -.134
Kolmogorov-Smirnov Z 451
Asymp. Sig. (2-tailed) .987

a. Test distribution is Normal.
b. Calculated from data.
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A
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Test of Homogeneity of Variances

o o < A
ANAAULIIYAINDU

Levene Statistic dfl df2 Sig.
1.905 2 27 .168

) ' { ¥ vy a ¢
1IN A mwm’faumgammaﬂmmm 3 [IGEY ﬂ')flﬂ'li'JLﬂ5']3Wﬂ’)'lllllﬂiﬂﬁ'gullﬂﬂ‘]ﬂ'l\uaﬂ’)

ANOVA
mmaausadaiiou
Sum of Squares df Mean Square F Sig.
Between Groups 1751.697 2 875.848 8.061 .002
Within Groups 2933.719 27 108.656
Total 4685.415 29
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Multiple Comparisons

o w <A
AINIAAULINYAIRDY
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Tukey HSD
Mean 95% Confidence Interval
' . Difference
(1) nduit (J) nduin (I1-J) Std. Error | Sig.  |Lower Bound |Upper Bound
himansta masdaudanszdudaouea -15.85560" 4.66168 .006 -27.4138 -4.2974
masdauda linszqudionas -16.54200° 4.66168 .004 -28.1002 -4.9838
mansBaudanszaualsuda limansta 15.85560" 4.66168 .006 4.2974 27.4138
masdauda linszdudsouas -.68640 4.66168 .988 -12.2446 10.8718
mastauda linszdudouas  limansda 16.54200° 4.66168 .004 4.9838 28.1002
masdaudanszdudaouda .68640 4.66168 .988 -10.8718 12.2446

*. The mean difference is significant at the 0.05 level.
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