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The Comparison of Shear Bond Strength of Highly Translucent Zirconia Using Two Different

Resin Cements with Phosphate Monomer Primer
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Abstract

Zirconia has become more popular in use in restorative dentistry. Nowadays, many resin cements have been
claimed to be good for zirconia bonding. This in vitro study investigated the shear bond strength values of highly translucent
zirconia with two different phosphate-based functional monomer-containing resin cements on resin composite and the
effect of phosphate monomer primer on shear bond strength. Twenty-four super-high translucent zirconia discs (Ceramil
zolid fx White), 8.5 mm in diameter and 3.2 mm in height, were cemented to the nanocomposite resin cylinders (FiltekTM
7350 XT), 3 mm in diameter and 2 mm in height, using two different resin cements, PANAVIA ™ V5 and Rely X™
U200. The bonding area was controlled following ISO 29022:2013. The specimens of each type of resin cement were
divided to two groups (n=6), with and without the use of Clearfil ceramic primer plus. A total of four groups of specimens
were thermocycled then the shear bond strength tests were performed using the Universal testing machine (EZ-S,
SHIMADZU) until the resin composites were debonded. The shear bond strength values were statistically analyzed using
One-way ANOVA and Tukey’s post hoc test. The highest mean of shear bond strength of Rely X™ U200 with Clearfil
ceramic primer plus group was (1.27 £+ 0.17 MPa), and there were no statistically significant differences between the
phosphate-based resin cement groups (p>0.05), except the PANAVIA ™ V5 without Clearfil ceramic primer plus group
with a lower statistical significance than other groups (p<0.05). In conclusion, no significant differnces between the shear
bond strengths of MDP-containing resin cement and phosphoric methacrylate ester-containing resin cement were found.

PANAVIA ™ V5 without MDP showed the lowest bond, and Clearfil ceramic primer plus was required to enhance bond
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strength; therefore, phosphate monomer resin cements should be used to cement on highly translucent zirconia and the

phosphate monomer primer should be applied prior to the use of the non-phosphate monomer resin cements.

Keywords: Highly translucent zirconia, Shear bond strength, Resin cements.
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v
= ) a 9

' A s 4 '
NNFUYNIASEUAIAIBN T HURIBZ g uI00N lsAavuia 50 TuTATINATAI81ATDINLNT 18 (Basic Quattro, Renfert,
v o s v ' A a H o X a2 & a A Y a
Germany) Me1@1598U 2.5 115 (bar) #8328 10 HaawasaannfuNuAI¥UAIY Wunar 15 3u1i 81989910
Y v
AIANYIVDY Hallmann g (Hallmann, Ulmer, Reusser, & Hammerle, 2012) ﬂ1ﬂuu%mmgﬂﬁwmmﬁzmﬂﬁw
. { I3
1A3DIANANUDFI (VGT-1990QTD, China) Tnald 1o TasTnswiuea(isopropanol) Anmdudusoesas 99 1ilual 10

~
UM

=2 9 a A 4 o a
3.2 MITAMBITTUTIUUA LarnszuIUMInes 1uleads
v ] o a a o

minanunu 50 Tulnswas (Scotch, 3M, USA) Fun1z uinaduriugudnaid 2.38 aawasgniimn
a a 4 a a A o A A= a a A g .
favurveuses Intsrialamemvuaiuigadan 1azA1UHUIVOUT FUTINUAATY ISO 29022:2013(International

Y
a [ I~ 1 1
Organization for Standardization [ISO], 2013) ttag ISO 4049:2009(ISO, 2009) T@wuﬂugmmuﬂu 4 NQU NQUAL 6
2 A N ¢ ) ¢ W A o4 oA
FU MUFUAV AT FUTIMUA azns 1Fas Inswes aeae Ul nguil 1 PANAVIA ™ Vs (PAN) nguil 2 Rely X™
U200 (RXU) ngu#l 3 PANAVIA ™ V5 59011 Clearfil ceramic primer plus (PAN-C) #aznqu#l 4 Rely X™ U200
' o s ' o y %
590N Clearfil ceramic primer plus (RXU-C) Tagosalsznoununiveuaazigggnuandlu a15199 1 #3015
A Yy a a ¢ & ~ X av & A < a A I A U aa o <
wenlessudmudnigesyiat luaudseiu tesniussuswuaniey 1y luaatiniuanssulaena 1 Taos
a =y 4 1 a Qy o A 9 (Y <3 3‘, o a a
Fudwuduaazyiagnniaglduusuauees Iafeareynuauia@dn arnimiiu Tuaey Tndas Fu
' s A a A a { a s

(FiltekTMZ350 XT) N59n52UNUIAd U IuguUina1a 3 Taamwas ga 2 Jadmwasudainidnauveussudua

@

4 ¥ a QI a
Tavi32gnd 191A5 09 durometer (ASTM D 2240 TYPE A,D PTC instruments, USA) naa20111in 1 Alansu 155u

'
o

2 a ° Vo < - 4
c?fmummumugﬂm ﬂaaﬂﬁ}wwjﬂummmaﬂ %Wﬂu‘lﬁlWle,LﬁWB]}’JfJLﬂ%’ENﬂTEJLLﬁQ (Demi Plus, Kerr, USA) ﬁﬁﬂ’ﬂﬂlﬂ?ﬂ
A awu 21 a & a g o L ¥ ' I <
LIE 1,000 HaaIna aminmumummu 13901 40 'J‘Ll'lﬁ mﬂuuuwmmmwmuﬂumﬂau Iﬂﬂlﬂﬂq’ﬂuﬁj}ﬂﬂﬂﬂﬂ
A ~ < o Y o ' e a VoA a
QUNYU 37 DI ALFYE L‘ﬂunm 24 ‘]f’JTiN i]Wﬂuu‘lﬂ!'l]lﬂWWuﬂig‘U'Juﬂ1§L‘VlfJth‘l‘flfﬂﬁ\1 Tﬂmwaaumquu 5

) <3| a a = @ a = °
Lag 55 DI UBALYY T W 30 IUIMN UASUISYSNN 5 IUMN wWusuou 5,000 39U
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6 NYENAU loX oo

Dual-cured; Self
adhesive; Shade A2

(trimethoxysilyl)propyl ester and phenyltrimethoxy silane

,bulk material, 2-propenoic acid, 2-methyl-, 1,1'-[1-(hydroxymethyl)-1,2-
ethanediyl] ester reaction products with 2-hydroxy-1,3-propanediyl
dimethacrylate and phosphorus oxide, TEGDMA, Silane treated silica,
Oxide glass chemicals(non-fibrous), Sodium persulfate, Tert-butyl peroxy-
3,5,5-trimethylhexanoate, Acetic acid, copper(2+) salt, monohydrate
Catalyst: Glass powder, Surface modified with 2-propenoic acid, 2 methyl-
.3-(trimethoxisilyl)propyl ester, Bulk material, Substituted dimethacrylate,
1,12-dodecane dimethycrylate, Barbituric acid derivate, Sliane treated
silica, Sodium p-touluenesulfinate, Calcium hydroxide, Methacrylated

aliphatic amine, 2,6-di-tert-butyl-p-cresol, 2-propeoic acid, 2-methyl-, 2-

[(2-hydroxyethyl)(3-methoxypropyl)amino]ethyl ester, Titanium oxide

M3 1. wansswTeTagild u3Enduan daulszneu ez mnsmuyavesTag
Jarg) U3HNAHan aauilszneu [ENEIELNT)
Ceramil zolid fx AMANN 710, + Y,0, + HfO, 299%wt, Y,0, 9.15 — 9.55%wt, HfO, <5%wt 1705001
White GIRRBACH | AlLO, <0.5%wt, Other oxides<1%wt
AG

Composite resin 3M-ESPE Silane treated ceramic, Silane treated silica, UDMA, Bis-EMA, Bis-GMA, N991457
Filtek""Z350 XT Silane treated zirconia, PEGDMA, TEGDMA
; Shade A3 BODY
PANAVIA ™ V5 Kuraray Paste : Bis-GMA, TEGDMA, Silanated barium glass filler, Silanated 5T0104
Dual-cured; Self Noritake fluoroalminosilicate glass filler, Colloidal silica, Surface treated aluminum

etching; Shade oxide filler, Hydrophobic aromatic dimethacrylate, Hydrophilic aliphatic

Universal (A2) dimethacrylate, dl-Camphorquinone, Initiators, Accelerators, Pigments

Clearfil ceramic Kuraray 3-Methacryloxypropyl trimethoxysilane, MDP, Ethanol 8T0038

primer plus Noritake
Rely X™ U200 3M-ESPE Base : Glass powder,surface modified with 2-propenoic acid, 2 methyl-.3- 4819681

3.3 MInadeummawsBamou uaz msanzluuuauduad

v 9 .
Fununauagnuageuiamawssgaimousznuwes ladiesiia lauazisGudinuadiensemaaen

= o v =) v = 3 o A a ' A Y a
115993115999 (EZ-S, SHIMADZU, Japan) ﬂ'JEJnl‘]Jllﬂ‘Uﬂ‘UL'ﬂ (Notched-edge) NANULIINING 1 UAUUATADUIN DD

o o =< A v o 1 A A o q ¥
$111 1SO 29022:2013(IS0O, 2013) Iﬂﬂﬂ']ﬂ']ﬁ\uﬁ\?ﬂﬂlﬂ@u llﬂ%']ﬂﬂ15u'lﬂ']uiﬁlﬂ@uqﬂqﬂﬂﬂ'ﬂﬁ

@

OATTAUHDIINMTUTZYNIVIMITTEAYHIA UH1ING1A0T
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y X A 9 o A /oy o o sy A a v Ay ga 1 g g

ﬂ’JEJ‘W‘L!‘VIWU"IG]Qﬂlf]ﬁli“ﬂu“ﬁlﬂ\luﬂﬂﬁﬂWﬁﬂﬂ!“ﬁ@iiﬂluﬂ‘ﬁuﬂiﬁ ﬂ'Wlllﬂlqu’]fJLﬁJu WNEWIFA1A (megapascal) I1NUU

o I A A q’ = v o v Y Y 7a & '

mm;aﬂmuﬂﬁvuﬂiﬁmmﬁanmiﬂﬂum'lﬂmmmgﬂuuuﬂamaumaammam@amﬁummmammuﬁmﬂsm

(SEM)(FEI Quanta 250) 1189818 50 111 11822,000 111 tHoUaAININ taguenjUuuuauduman $ad1u1so
! A = '] . A ) 3 v -

wuedu 3 dszanae ﬂWiﬂﬂ]liJqu(Adh651ve) NITLEDNLUUANLNATY (Cohesive) AL NTAVHAILVUNTUNILVUNIT

= v A "y . . 2 Yy Aa s a £ 2 '

EJﬂVlllﬂgllagﬂﬁl%ﬂlﬂ!uuaiﬂﬁﬁﬂ (Mixed failure) HATHINATINUFIANA1NAIVO DS LAt Fuad 1 suluaas

' o ' a ¢ i . X 2 {a s
ﬂqngmﬁaﬂmmmummmswwmcﬂ (Elemental analysis; EDS) !ﬁ'ﬁ)ﬂ\’i%‘ﬁ1ﬁlmﬂ\1ﬁ\?@]ﬂﬁﬁ\iﬁﬂ?%@\u“ﬁ@iimﬁﬂ

a

aadq y
3.4 goanlsnageu
1" o w =® A k) o o k) aa a o =3 =}
mmaassgameu lagnihunduiudreadanisinsizranuulsdsiumadon uazfSeuiisuaiuy
' ' ' A o { o § 4
UANANTEHINNGUAIININATOUFTANNES (One-way ANOVA and Tukey’s post hoc test) N5zAUANMFOIUT DAL

95 #0T1l5un5u AT 12T 0YaN19ADA (SPSS version 22.0, SPSS Inc., USA)

4. HaM3I8
AundoMawssganou nazauleuuuyIAT§IUUeINgN PAN RXU PAN-C tiag RXU-C Hadn1U

s a P ' A o o =< A ' Ao ' '
ﬂi%ﬂ’Juﬂ?ilﬂﬂiihq%ﬂﬁﬂgﬂllﬁﬂﬂq’ﬁu ATTNN 2 I@ﬂﬂnﬂﬁﬂﬂ?ﬁﬂl!iﬂﬂ@!ﬂ@uﬂlﬂﬂﬂqu PAN HAININIINQN RXU

]
' a =

Il v o w aa 3 { o o § Il 3
PAN-C itag RXU-C o8 10iiod1Aqn1ada (p<0.05) ngu RXU-C Iaundsmawusidamoungaiga 019 lsna

Q

aa o 1

ﬂ'uﬂéﬂfﬁﬁv@uﬁdﬁmﬁﬁluﬁulﬂjllﬁ}ﬁﬂ’JmLLGIﬂGI'N‘VINE‘TﬂﬂﬂUﬂQZJ RXU 1ag PAN-C (p>0.05). m1514i 26anaasguuy
AMUNIMAIVe AT UL Tasngu PAN uaasnnudumadnuumssa lieq uag nuuwey luvasfingu RXU oz
RXU-C uamagduuumsdumaanuunay fifios PAN-C sinfufiuansnudumaanuuifeumivdimad uaz nuy
Wy Tﬂﬂﬂmﬁ?uﬁﬁ;uqmﬁ]1ﬂné’aq@amiiﬁﬁﬁzﬁﬂmammudmﬂimuazmﬁmﬁzﬁmq}uuﬁﬁ;mmgmmm"l%’
Tu 31

' { o o ' { ' Voo ' o o
13197 2. mmﬁﬂmmuﬂﬁmﬁau mmﬁmmummgm Llﬁz3ﬂl!ﬂﬂﬂ’31ﬂﬁ’ll!ﬁa'lﬁllﬂﬂllﬂﬁ$ﬂijllﬁ’l’f]‘(’JNﬁQ!ﬂﬂﬁ}’Jt’JﬂgﬁQ@ﬂﬂi5?(1‘!

=).

1

D .

BIAnNATOULLIABINIIAMEIVEE 2,000 (11

5B uFue uazlwsmos Aundamdansaamon aau sUnuuaNIGIa) (%mm)
dssnsnasg uazmama) | adalied | dewniudumad | nuuna
PAN 0.74 +0.12" 2 0 4
RXU 1.26 +0.09° 0 0 6
PAN-C 1.24 £026° 0 2 4
RXU-C 127 +0.17° 0 0 6

(Y

18nBsAsITUIaaItems liuana et umeadiseningu (p>0.05)
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B Spectrum 22

M Spectrum 13
Wit% o

Zr 328 06

0 246 05

si 173 03

c 158

Na 45

y a g ' a a '
gﬂﬁ 1. LLﬁ(’N3ﬂﬂ1Wﬂ1ﬂ’5@\1ﬂﬁ‘ﬂ§5ﬁﬁ6£ﬂf‘l@]iE)mmﬂﬁf]Qﬂﬁﬂﬂlf)ﬂli‘]ﬂﬂ“ﬁmu@{ﬂﬁﬂ PAN RXU PAN-C tlagRXU-C

o '

Ja g ' { o
I:gﬂﬂ]wsﬂ'lﬂay@ﬂﬂa‘ﬂ55?(1!ﬂlaﬂﬁ5ﬂuLLUUﬁﬂ\1ﬂ§1ﬂﬁﬂ1ﬁ\35ﬂﬂTﬂ 50N
a o ' { o o '
H:gﬂﬂ"l‘wﬂ1ﬂé’ﬂﬂﬂaﬂiiﬁﬁﬂmﬂﬂiﬂu!lﬂﬂﬁﬂﬂﬂiTﬂﬁﬂ1aﬂﬂJfﬂﬂ 2,000 N1

III:LLﬁmNaﬂﬁ’;ﬁlﬂiwﬁ"ﬁm(Elemental analysis ; EDS)

5. msedUsema

@ a

= 2 Lo o = A ' /s A a a o v .
AINMIANKIUNDIN mmmuiwmﬂauizw’mefm‘Tﬂmﬂ%uﬂ1ﬁﬂuL‘iclmmnum'ﬂﬂi:ﬂaumﬂwy‘wamﬂm

9
o o v @

' A o o s a 2 ' Vo ' o aa o a
@'l']\‘l‘liuﬂﬂuﬁﬁ\1N'l‘L!ﬂ§$‘]J’Juﬂ'l§Wlﬂﬁthl°]fﬂﬂﬂuu VlillmﬂﬁNﬂuﬂElNﬁuEJﬁ']ﬂﬂl‘V]Nﬁﬂﬂ ANUU 'ﬁwamuﬁumgm

d‘g FU [l < 1 o w =S A 1 o =} a o a A s Y ' g a
usniiaa 13 ednelsnmmmmdwsdamoussniawes Iadisyialanussudimuanilsenoudrenyemlaiv i
[ 1 A @ o @ QQtﬂ'dc/Idli}Qd S a AW 1A 1< @
anuuanaesiivediaynanaleiounungulfssudmudyian lulingeaaiudaiulsznou dumu
Tungu PANAVIA ™ V5 711181959010 Clearfil ceramic primer plus Miaaaaimdansdadoudininguonedia
9
S @ o a

o w aa o { a [ <3 . . {
UUITIAYNNTDA muuaumgmﬁﬁaﬁagﬂﬂgmﬁ 9613150 1WN1TNIAT5 Clearfil ceramic primer plus 111

9
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v 2 ax I . A Y a o S A a '
ﬁ'Ju’l]igﬂ'ﬂ“USU'ﬂq BUAN llWiLﬂJ'ﬂi (MDP prlmer) !WNﬂQUﬂ1§1‘]5L§°]5u°]5!3Ju@]V|3Jﬁ'liwaﬁwaﬁﬂluﬂ$qﬂ§!ﬁﬂlﬂﬁlﬁﬂﬁ

. v oy 2 R A o o = A o ~ A A a A I
(phosphoric methacrylate ester) 6glmauu“lllvlﬂﬁmmwumauwﬂElmﬂeuuumfaiIﬂLuﬂ%uﬂ1ﬁsuﬂﬁ%1ﬂLiﬂfummucﬂ

o 1 A 3 % "y - A a v 3 ¢ ' =
aananivyeaaiiuesnsznovegudrlulsuaidissme aaiumsn InswesTungu Rely X™ U200 94

Yo A 1o W = & ao & I o = 1 Y A 1 v oA
Ilullﬂﬂf']ﬂlwuﬂ']ﬂ1a\jlli\18ﬂ FINAUDINTUIVYUADAAADINUNITANHINOUWUINT1ITUN misl"]ﬁJEluEJwJElSVliJmJ

U

v o 4

I [ S A A a a a
Woalailunyilassumeniuisz@ninmmstaaanytaques Tamieviialald (Alovisi et al, 2018; Le, Larsson, &

Q

. = a A~ a a s = a ~ ' '
Papia, 2019; Yagawa et al, 2018) Iﬂﬂﬂ'liﬂﬂﬂﬂ:ﬂﬂﬂigﬁﬂﬁﬂ']wuLﬂuWaﬂ']fﬂ']ﬂfnjﬂﬂﬁﬂﬂ']uﬂuigﬁ?'m LB P-OH Gh«!

s ¢ o . Aa 5 A & =
UUBDINBINQN Noaaoaines UMY Zr-OH mmmmmaﬂmuﬂ (Nagaoka et al, 2017) HONIINUIINHANWNITANY
' Y o - - =2 ' a a JAN & A a J .
ABUNHIGINUIAINDIULIIIATEUIUTF UGN UANY LDUANW (MDP) lLﬁ31/‘]@?{1'\]@5ﬂLiJ“VI%U],ﬂila'ﬂ!ﬂﬁm@i (phosphoric

o 4 = a A A - A A ] ' o ' A o o W aa
methacrylate ester)ﬂﬂlcﬁﬂiiﬂluﬂ%uﬂ 3318-N¥NW (3Y-TZP) uuuﬂm‘lmmﬂmqnuamwuﬂﬁmtymmm

(Mirmohammadi et al, 2010; Passia et al, 2016) FILANANAUAITANYIVDA Lee HazANL (Lee et al, 2015) T894

1o Jan

o =2 = v a A aaA a J .
AINIAILTIIARNDUTEHINUTFUFINUANY 1DUAN (MDP) uazwaﬁ%l@imum”lmmm@ﬁmm (phosphoric

9
methacrylate ester) UHUTANUIANANA DI NN TR YN1ADA

s

. . 2 g Ao d aa <3 ' ¥ o ' A
11391 Clearfil ceramic primer plus Fudu'lnswes nlwuan (MDP) luarudsenouuulinasirona

@

o =< A Yo Y A < A A s & <
Mawssdamouliny PANAVIA ™ V5 1R1199910 PANAVIA ™ V5 dluisdudimuanidiulszneuiugiuiu

a a W a ad . A 3 o =~ o 9 Yo o
ﬂﬁliJI‘Wmei“lfu 19U UF-10010 (Bis-GMA) uaz'luwyﬂamﬂmﬂumuﬂﬁzﬂau ﬂ\mﬁﬂﬂuﬂﬁﬁ‘ﬂ 1 Vlﬂﬂﬂ"lﬁ\i!!ﬁﬁ

¥
v A

A 2 Z o o & A P ' T ' o A
danuiuArveuses Iateruliam Jeduiundedld lnswesntinyomuaiiluaiulsznovunldiwuiuine 19
a o w = d'ddy Y @ = 1 Y A 1 a A St (=) ] I 1 gﬂ
mamawsEanaIL aeaadesnumsfnyIneUHINIBOUN sFUFwuan iingemailuaiulsznouiv

1 o W KX v W 14 A Ao 1 KX v o 14 =t Yy o 1 4
naasmmawsganyiaques ladieNia uaz higwisodanyiaawes ladie ldnasnndiunszuiumsmes Tula
Ad4(Keiichi Yoshida et al,2006) 1UN19NSUAUAITN Clearfil ceramic primer plus 13 l@greinariaansagalvny

o { ' a A s
Rely X™ U200 A0AAR09NY Passia 11azABE(Passia et al,2016) N31091UNNIMA150AAALUUYIUIDSHOA (universal
% < 3 g ' ' A oo o a P A
adhesive) HaidNAN (MDP) Wuaivlsznoviiu lildmemuamausdalisussuduudnineanesnaung In
¢ ' ¥ 2 4 a Y a ' %
slaMeMADS (phosphoric methacrylate ester) Bg11a7 N9HD1MHDINININMTTAAANIAATIIUAAIINYY P-OH FIN1
PR IS A a 4 . @ ' Aa
Tanaluduan (MDP) uag WeoareTnuns lasianemaes (phosphoric methacrylate ester) NU% Zr-OH NHIVD

o = ' @ k2 @ X . . =2 g g ax 4
15073 laliey (Nagaoka et al,2017) 3IUNUATNNUTSIANYU N13N1 Clearfil ceramic primer plus Fatuouan Tnswoes

]
@

. A ~ f A g a P 2 Vo I3 ' AAa I A ¥ a
(MDP prlmer) E]WLWllﬂimmqu P-OH V]Wi@illﬂﬂwuﬁgllﬂlnﬂsuu LL@]E]EJNU]JﬂmlJ‘Hy. Zr-OH ‘*/IW%L%@STﬂmﬂuuu

a a o = a a o Ada 2 =2 a a A Y a o ' '
‘]J’immmmn ANUUNITYAAANNLIAY L!ﬁgwuﬁzlﬂﬂﬂlﬂﬂmuﬂﬂlﬂﬂiuﬂSMWmﬂlﬂﬁLﬂﬂ\iﬂuﬁ&‘iW'ﬂ\iﬂqn Rely X™

' o w

U200 118 g Rely X™ U200 #1195901D Clearfil ceramic primer plus d4ralia1fiadsussdavosisaeanguiiuli

9w an

HANANAUBI NN IAYNINADA
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/a3 ' { o o v o a e o { A {
YANITIAUBANATOULUUUTDING A AMasvens 2,000 11 FIUNUNITAUATIENE ﬂﬁllﬁﬂ\ﬂugﬂﬁ I WuN E’Nﬂﬂﬁﬁ\iﬁ
a £ o & ' a A o ¢ A A s A dq v ' oo 2
Ao luanvuzilundon u'ﬁm‘nmqmJENﬂﬂizﬂamammumuummawuwﬂlﬂmmazﬂqn ANUU
v a A 71 4 ~ a o @ ' KX o g Y
gﬂuuummamwmmmzwumuummawaﬂmuwumiﬁ 1uaﬂymzmﬂanmi]mﬂuﬂ’smaummgﬂuuumm
=< YA o o ' Y =< 1 (X A A o
DILUNNIAIVYY 50 mmwmgﬂ;m‘ummaummuuuaﬂ"lmgﬂmu 1NAITNN 2 ﬂL!ﬁﬂQﬂWH?HEﬂLLUUﬂ’NN
2 a A d o =\ a 1 U A A ' = a” = Y
aumaamaqaimumuummawaﬂmuﬂ%uﬂ“lﬁ“lmmazﬂqu NWUNWNBINGN PAN NWUTUNIUNUTAIANNANINAD
= [l ] 1 A A 1 Y 2 = Y =
LHJiJfﬂifJﬂ]lllﬁg uagnqu PAN -C ‘nw‘ugﬂu‘uumimamxuuamwmmmu °]N§‘IJLL‘IJ‘IJﬂ’ﬂilaiJ!Wa'JV]LLﬁﬂQGlu
- ! o ' 7 A . & . 7 ! A A a
msanpition lFmetudulan msldueusmesnlingemailumyledduamisosioniulsz@niniwnsoa
a a A o 14 a a Y A a ] 3’, (= 1 2R A 1 ] <
mmamG]fucmuumuumaﬂmuwuﬂiﬁ% Tﬂwwmmm&ﬂamﬂmumﬂwwamamsﬂﬂm lmﬁ)fﬂﬂiﬂﬁnﬂ
4 ] g’z a J &) a 4
ﬂ’ﬂiléﬁllﬁﬁ’)g‘ﬂll‘ﬂﬂﬂﬁil uaz3ﬂgmnﬂm%mmuﬁ/mwmuu ’e)mﬂﬂmmﬂmmaauua“lummwu%mumm 1N
4 v W 4 a A %,‘ % o o ' (Z a a o .
m5Lz%umamﬁmm%mamwammmG'Tﬁmmmmmﬂwuﬁzszmn AR N (filler) LALIUNTNY (matrix)
A 2 A A 72q Y = % A < A o
(Soderholm & Roberts, 1990) u,azmﬂwmmuwucﬁmuwiﬂumaﬁnmum 2 el uriia ‘Ullﬂ’]’(ffﬂ\‘i;‘l]!!ﬂ“u
Y o ' IR B R A A o A a
(dual-cured) gﬂLLU‘]JﬂJWNailL‘I’iﬁ’J@NﬂaTJ@Vﬂlﬂ%WﬂfﬂﬁJNﬁ’ﬂﬂllllmil‘ﬂellﬂﬂli“]f‘L!"’ﬁLlll‘l@’lf)uLquil1%1ﬂfniilﬂ??ll

A A X o & Ve Y o oA A A a s
UUALNNUUNYVAIVINNTITRIULAN ‘VIE]']‘t]h]f]JT]Jﬂ'Juﬂi‘&f‘LI'J'L!ﬂ'lﬁJiJ@]'Jﬂ'JElﬂ'JLEN"’UE]\nJ@uﬂlu@ﬁﬂLﬂﬁ@ﬂlulﬁ"]jucﬁmu@]

yn Yy & R R ¢X 0o q Y a PR A9 . 2
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