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n1t1J"U1 n1t1J"UVI'J'J~U 'JVI.1J., VI.1J., M.S., D.Sc.

~t1JL~fI QLnU1~~1:;1J~ VI.1J., 'JVI.~. (viU~n11~tJ1:;~~f):

1 /11"~'D1vTu~n11~tJ1::~~i "tU::vTU~LL~VltJ~1~~f ,,'ri1~-3n1cU~"'1~VltJ1itJ
.. ,

2 /11"~'D1vTu~n11~~'L!1n'; "tU::vTU~LL~VltJ~1~~f ~"'1~VltJ1itJ~-3~~1U~1UVlf

'U'VIAGliieJ

f"gt/'f:.t7ft L ~~ ~n~ ~1 ~'J1~ LL ojj~LL 1~.;rUfi::L~~U ~'iJ~Vi~f"DL~U ~31~ 1 "D¥lm~1tU~~ u ~ ~ ~nu~::~rJii~. " " "
Vi 'iJf"D L~ufI 'JU L1~U~ L~urfl111U 1f1n11u'iu~111Vi fJ'J 1Jl1~nU

f.""8:?Hm" L~1u~LL~Un~~Vi'iJf"DL~U~31~1"D¥lm~1tU~~ ~U1~L~U~1UPlUUn~1~ 5.5 ~~. ~U1 1 ~~.. """
r-I1U'JU 300 ;,U LLU~LUU 5 n~~"1 ~:: 60 ;,U 31n11u'iu~111Vir;i'~if ~~ LLUU A) 1aJU'iU~111VifJ'J LUUn~~~'JufJ~

LLUU B) 'IT~L1UufI'Jun1::~1mfin~u~1flurfI LLUU C) n1'iJfI'JULojj~n1~n1nLVi"D1"DU~~U1U LLUU D) n~fI'Ju

n1~1E!1~1~~~'iJ1n LUUL'J~1 5 u1Vi LL~::LLUU E) n~fI'JUL~~L'iJ~L'iJ~ LUUL'J~1 10 u1Vi ~1n,fuL~1u~LL~Un~~"

'iJ::"3rJii~Vi'iJf"DL~U ~U1~L~U~1UPJUUn~1~ 1 5 ~~. ~U1 1.5 ~~. ~tJ1~~:: 300 ;,U LL~'JLLU~LUU 6 n~~"1 ~::

50 ;'u31n11u'iu~111VifJ'J r;i'~if~~n~~ 1) LLUU A n~~ 2) LLUU B n~~ 3) LLUU C n~~ 4) LU1Vl11UfI'Ju~~. . . .
~::~rJLuu~~'iJn1"DrfI LUUL'J~1 20 ~u1Vi n~~ 5) LLUU D LL~::n~~ 6) LLUU E ~1n,fU,j1LL~Un~~~::~rJii~" .. "
Vi'iJf"D L~UiJ~ 1 u~:: ~1fin L1~U 1~ L ~ 'iJ LUU ~u~!iu LL~'JU ~nu LL~Un~~Vi'iJf"D L~u~31~ 1 "D¥lm~1 tU~~fI'JUL1~U~L~ urfl" "

111U1f1LL1~n~ 200 n'i~ LUUL'J~1 6 u1Vi ~1n,fu ,j1~1Vl~~'iJU~1~1~'J1~LLojj~LL1~.;rUfi::L~'iJU~~~n11U~~~

fI'JUL~~'iJ~Vl~~~U~1n~ ~'J1~L7'Jii~~'J1~ 0.2 ~~. IJl~U1Vi ,j1JfJ'iJ~~~1~L~11::~1~u1i~Ci~~L~11::~~'J1~"

LLU1U1'JU LL~::n11Vl~~~ULLUUVlnU"

"8m""n~ 'iJ ::~rJii~Vi~f"DL~~L~~ U ~ ~ ~nuVi~f"D L~U ~31~ 1 "D¥lm~1 tU~~,f U L~ 'iJU'iU~111Vi fJ'J~'iJ~Vi 'iJf"D L~U
" ""

.fJ~ 2 'IIU~1~31fJ'J~U1U (n~~ 3-6A 3-6C 3-6D LL~:: 3-6E) ~::1f1ri1~'J1~LLojj~LL1~.;rUfi::L~~U (25.2 :t 3.8 i1~.
30.2 :t 1.9 L~n::U1~~1~) i3~n~1~tJ1~31iiu~1firy (P ~ 0.05) LLl?ln11U~1::~~1~n~~ 1-2 nu LLUU A-E LL~::

n~~ 5-6 nULLUU A-B 1aJLL~nIJl1~nU'iJtJ1~31iiU~1fitlJVl1~~Ci~ (p > 0.05)

."t/ n11u'iu~111Vi fJ'J~'iJ~'iJ::~rJii ~Vi~f"DL~ULL~::Vi'iJf'll L~U ~31~ 1 "D¥lm~1 tU~~ 31 ~~~1firu 1Jl'iJ ~'J1~ LL ojj~LL1~.;rU fi::. " "" w

L'i1'iJU~~~;;~~Vl~~'iJU fI'JUL ~~~~r;i'~n~1'J ~~U1~::,j1Vi'iJf"DL~U~31~ 1"D¥lm~1tU~~~11 i-rl~~ LL'II~;'U~1U~Vi'iJf"D.. ""
L~uLL~n1f1

(I) viu~ ,,!'A1'1 2544;24:175-86
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0

'U'VI'U.'1

'Y'I'f)f'D L~UL uu;;~ (;1U1ru:;V11~viu~n113,Jm~fu ~,)13,JU tJ 3,J. "," oJ '" _d",.. 0'1" ..
'f)tJ1~n,)1~1J,)1~L U'f)~~1n3,J~ru~3,JU~V1(;1~'f)V11 L ~~')tJ~13,JL ~3,J'f)U.
.;:rufi113,J'1I1~1~ 1-:i~,)13,JLL;j~tJ')~1nrXL~tJ~nUL~;'f)U.;:rU 31

~,)13,J L ']1nul~V11~=n,)111'Y'1nuL if'f)L~'f)1 u-rl'f)~U1n ~13,J11t1fu

n11i(;1LLl'1~LL~:;L~;'f)UtJ') 1-:i31tJ,)~L1tJu2Jul~ 31n11u1~,)13,J1'f)U

LL~:;n1:;LL~1 ~~1~~13,J1n 1 LL~:;31~1i3,JU1:;:fIV1't;n111JtJ1tJvl,)

L ~1;J~,)13,J1'f)U (coefficient of thennal expansion) vtlnrXL~tJ~

nUL~;'f)u.;:rULL~:;L if'f).;:ru ~~~(;1UCY~1n11f')=n3,JU1L,)CU1J'f)U

~1'f)u.;:rU'Y'l'f)f'DL~ul~2

, '1" d' """"'.1 oJ '1"
'f)tJ1~ Lffi~13,J 'Y'I'f)1'DL~U3,J1J'f)(;1'f)tJ~'f) Lu11:; LL~:;L3,J'f) L(;1

fu LL1~~~~:;LL~n':;;n~1tJ vl~J U~~~1LUU~'f)~ L~13,J~,)13,J LL ;j~LL1~

1-:iLLri'Y'l'f)f'DL~U ~~~fi~i1~~'f)n11L~13,J~,)13,J LL;j~LL1~1 Uvl,)

'Y'I'f)f'DL~UL'f)~ L(;1tJ1 uti 1965 McLean LL~:; Hughes3 1~

U1L'f)1 L ~~rf1~u1V1n'Y'l'f)f'DL~U3,J1.ji~U1 LiJU'f):;~iJii~'Y'I'f)f'DL~U"

L(;1tJLL V1U~~')'f)V1oJi'~')tJ'f):;~iJU11'f)tJ~:; 40- 50 L(;1tJ.J1~iin
, "

oJ Q.,to "d.. ...1 ~
'D~'f):;~3,JU1UV11~U1V1L~3,J'f)ULuU "~')~tJ(;11'f)tJLL~n" (crack" .

~...I d Q""~.IQ.(
stopper) L(;1tJ Lu U~~~1n n11V1'f):;'Cj3,JU13,J ~1 ~3,Ju1:;~V1 fin11

~ " ," Qd' Q'~
1JtJ1tJ~,)L ~~~,)13,J1'f)U3,J1nn,)1LLn,)LL3,JV1ffi'D ('f):;~3,JU1L V11nu. "
6.4- 7.8 x 10-6 /oC LL~:;LLn,)LL3,JV11noJi'Lv\1nu 7 x 10-6 /oC)3,A

1 " ~ ~ ..r.1 '" ,,~
U~111,):;L tJU~,)~~111tJ~~~n11L~11JU1u ~:;3,J ~,)13,J L~U'f) (;1"

. Q ..r Q oJ " ~

(compreSSIve stresses) Ln(;11JU1'f)U 1 'f):;'Cj3,JU1 'D~~,)13,JL~U'f)(;1

.,t d "1 "A 0 'I " Q
UL'f)~V1~13,J11t1~tJ(;1n11LL 'Y'I11J'f)~1'f)tJLL~n L(;1 LL~:;V11 L ~'f):;~3,J-. "

~ d' "', 0 ~ ~ ~..r..

U~'Y'I'f)1'DL~U3,J~1n1~~(;1(;11J,)1~L 'Y'I3,J1JUt1~ 100-130 L3,Jn:;-

U1~~1~ (MPa)5

1 uu~~oJu ~1'f)u.;:ru'f):;~iJii~'Y'I'f)f'DL~u31n11.ji~u1L ~3,J. "
~,)13,JLL ;j~LL1~ L(;1tJL ~3,Jm3,J1CU1J'f)~'f):;~iJu11 U~,)ULLnU~1'f)U.;:rU"

111tJ1~L~~'f)~~3,J1tJn11~1~'f)iflu=i1LL13,J (In-Ceram@, Vita

oJ ~ ..r 'I :"1
Zahnfabrik, Bad Sackingen, Gennany) 'D~'Y'I~U11JULUu

1988L(;1tJ Michael Sadaun ~L31'f)~U11~ U1:;L V1~~f~L~~ L(;1tJ

iflU=i1LL13,JJu 1-ifvi1 ~1'f)U.;:rU ~U1LL~:;~ii~ LL~:;~:;'Y'I1U.;:rU ~U15

~~31~1ri1ii~vl(;11J,)1~ 384.5:t 40.01 L3,Jn:;U1~~1~6 31~,)13,J

LLUU~UV1U1L')ru1J'f)U 24 13,J~1'f)U (~m) LL~:; 58 13,J~1'f)U

~1~fu~:;'Y'I1U.;:ru7.8I!)nvt~31~1~,)13,JV1ULL1~~~ (tensile strength)

d , d' Q oJ , 910 .,t", ~

V1~~n,)1'Y'1'f)1'DL~U'1IU(;1'f)U 3-4 LV11' U'f)n~1nU 3,J'f)~11n11"
'f)tJ1'f)(;11'f)tJ~:; 98.4 ~1nn111-if~1u1u-rl')~ 24-44 L~'f)U (~1

"

L'U~tJ 37.6 L~'f)U)ll

ti~LL~'Y'I'f)f'DL~U~:; 1~fun11.ji~u1 L ~'f) L ~3,J ~,)13,J LL;j~ LL1~

'a~ .. '1" ..r 12d , '1"
LL~n£J~VilJn1'iLL~n1l'EJ~Vi'EJ'i"DL~U ~~,,1nn1'ilJ~LfJ£J,) en~n'EJ ~ ~

~.or " ..r "'.'1

Ln ~u ru~1 ~1UfJ,)12,J ~') £J~12,J LL~;;n1'ilJ ~ LfJ£J') LLn ~u ') £J LL~;;
~ "

L~'EJ?fI'EJ~~"1'it"U1vi1~u~1ul~.1J 1~£JL'UVi1;;1 U~J11,);;Lf'I'i~~n"
'"

. I '1 ..r ".'1 ".. I , '1'"

1I'EJ~u 'i;; L'Vl f'I ~ 'Vl£J1I t"U;;U ~u ,)£J,,;;~'EJ~ L ~ £J L ,)~1 LL~:; fJ1 ~ 'D,,1 £J"

L ~2,J;1u (;)~,xun'i'i2,J~m Un1'ieJ!'EJ2,JLL'D2,J~U~1U~LL~n 1~£J~1.1J

?fI'EJ~vi1~u~1u,xul ~.1J\l1";;LUU'Vl1~L~'EJn~~'Vl1~~i1~ rJ~~~.
u12,J11-ii'eJ!'EJ2,J LL'D2,J fJ,)'il ~fJ,)12,J~,)£J~12,J LL~;;~12,J1'iC1L~'EJn~1?f1

ln~ LFi£J~rilJVi'EJf'D L~UL~2,J
" "

n1'ieJ!'EJ2,J LL'D2,J~U~1U Vi'EJf'D L~U?fI,)£Jrt'EJ2,J 1 Vi:{j~ L'i~U iiu

Luu~fi~u£J2,Jl-ii'riu'EJf.11~nt)'1~1I,)1~ L i1'EJ~"1nvi11?f1~1£J l-ii'L,)~1

" .. "1'" "13 a ~ '1 ..

U'EJ£J LL~;;L~£JfJ1 ~ 'D,,1£JU'EJ£J fJ')12,JLL 1I~LL'i~ViUfi;; ~ Un1'i£J~

fJ'EJ2,J 1 Vi:{j~L'i~urilJVi'EJf'DL~u31r11~~ vT~r11ri1';;~(;)~1I,)1~ (flexural"
14,15 ". 16-23

strength) fJ,)12,J'VlULL'i~~~ (tensIle bond strength) 'LL~;;

r11fJ,)12,JLLejj~LL'i~.j:iUfi;;L~'EJU24,25 LLr;1'EJf.11~1'in~12,J fJ'EJ2,J1Vi:{j~-

L'i8ilu31;;'EJ?fI'EJ£J~'EJ ";;LU~£JU~L~'EJL,)~1~1U1u 31fJ')12,J?fI1U'Vl1U

r;1'EJn1'i~n (wear resistance) ~11.1J~12,J1'iC1L~'EJn~1?f1L~31'EJurilJ

Vi'EJf'DL~U n1'i~nLLr;1~~ui1~L~'EJ?fI'EJ~eJ!'EJ2,JLL"D2,J-{iULL1I,)U (pontic)

, d~ ~ ..r d .1" .. ~
~,)U'Vl~~nlJL U'EJL£J'EJ'Vl1 ~£J1n 2,Jn1'i~~U1 (water sorption)

vi11 ~1I'f]lJt') LL~;;fJ,)12,J LL ejj~LL 'i~.j:iufi;;";;~~~~ L~ 'fIL,)~1~1U
" "1. 12 14 26 27 . '1 ", ~ " 1 ~ ~ ~

u' " 'Vl1 ~ ~n1'i'D'fI2,JLL'D2,J'DU~1U~,)£JfJ'fI2,J Vi~~L'i"DUUU

l-ii'~1u'Vl1~fJflun1?f1L ~£J~i,)fJ'i1,)L v11,xU ?fI'fI~31n1'ieJ!'fI2,JLL'D2,J-l1

tfjn~~1£JfJf~ ?:Ju,)£J";;L~£Jr111-ii'roj1£JL~2,J;1u"
" ..r 1 """. .. d.. -~..,
~,)£JL ~~U ~2,J~U1Vi'fl'i"DL~U "D~2,JfJt"U~2,JlJ~L'D~n~~n,)1." .

fJ'fI2,J1 Vi:{j~L'i8ilu2,J11.jj1 Un1'ieJ!'fI2,JVi'flf"DL~U ~~LUU'Vl1~L~'fIntfjn

'Vl1~~i1~ 1~£Jlutl1987 Millar28 1?f1u1~';;nn1'i1l'fl~Vi'flf"DL~U
.. .1 .. d, .,."

,)L U£J'i (porcelain veneer) 2,J1u'i;;£Jn~L Vi'fl'D'fI2,JLLen2,J'DU~1U.
Vi'flf"DL~U~LL~n~n LLr;1 Millar 1.1J1?f1n~1')t)~L 'VlfJUfJLL~;;~fin1'i

vi1 LL~;;1.1J31~1U~li£J~iilJ~UU.
U,,"UU Vi'flf"DL~u1?f1flJfJ,)12,JU£J2,J2,J1n1 un1'iu12,J11-ii'Luu

.

rJ~~lJ'iru;;LeJ!U fJ'i'fllJ-{iu ~~m ~L~'fInl-ii'~~1£J'DU~ LLr;1~;;. "
'DU~n31n1'i;1u'iU~LL~nr;11~riu Vi'flf'DL~U~\l1";;L ~2,J1;;~2,Jl U

"

n1'iU12,J1eJ!'fI2,J fJ,)'iLUU Vi'flf'D L~U ~~ fJ,)12,J LL ejj~ LL'i~ 1.1JU'fl£Jn~1

Vi'EJf"DL~U~C1neJ!'fI2,JLL'D2,J ~12,J1'iC1vi11~LL UlJ~u'Vl1?f1 31mn~LFi£J~"

~1'f1vi11 ~~ln~LFi£J~rilJVi'flf"DL~UL~2,J1?f1 LL~;;31Vitl~n'i'i2,Jn1'i

,d .'1" .. ,,~..
~'fIlJ~U'fI~~'fILL~~'Vl2,J1n'i;;'VllJ'Vl1 ~ ~~12,J1'iC1n~2,Jn~UL1I1nlJ~

11 'fI~-{iu fi'i'i2,J'D1 ~~1'f1 rJ~ ~lJ'it"U;;-{iU;;1~ LFi£J~ 1?f1 (chameleon. "

effect) ?fI,)£Jf'1t"U~2,JlJ~(;)~n~1,) 1'f1~L'EJ~ L~2,JL Vi'i~rJU (IPS

Empress I, Ivoclar, Schaan, Liechtenstein) ~~LUUVi'flfenL~U
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a- _d

'JaGl bba:'Jfin'l'a
~

n1'a 1.G1~ !laJeJ::&i1i1:acweJ;"lII.&'LI... .
Lj;1T£J3,JI1l"J/e)U1~ 300 -Inu l(;1£Ju"1~~/e)~~~ii~~/e)f"DL~U ~"

A3 Dentin (Vitadur Alpha, Vita Zahnfabrik, Bad Sackingen,

Gennany) ~~3,Jri1JJ1~tJ11f'!"1n.:ij/e)/e)u (de-ionized water) rf.J(;I

LL \luLuuLL~Un~3,JLL~~LL ~~"UL~3,JLLtJ~3,Jvien~lf1u (Provil,

Heraeus Kulzer, Dental Product Division, IN, USA) 1tJn~3,J
"

", .. . ,
"lJU1(;1L~U~1Uf'!U£Jn~1~ 15 3,J3,J. ~U1 1.5 3,J3,J. U1LL~Un~3,J"
~/e)fenL~U~rf.J(;Il~1tJi1~j;113,J~/e)~n11 ltJL~11ULj;11L~1 (porcelain"
furnace, Tru-Fire, Jelenko, Annonk, NY, USA) l(;1£JLL~un~3,J

.1' '1"""."1 ... " 1,,~C1nu~/e)£J L ~LL ~~~U1Lj;11L~1LuUL'J~1 2 U1Vl LL~'JL~1 (;I£J"

L ~3,J/e)CU~11~"1n/e)CU~11~~/e)~ "ui1~ 600."D 1 U~111'J~/e)1n1f'!. " . " .
LL~~L ~3,J/e)cu~l1~':fJultJi1~ 980."D 1 U111'J~~ruru1n1f'! l(;1£J~. " " w w

rf.Jj;111n11L ~3,J/e)CU~l1~LUU 38. "D/u1Vi j;113,Jri1LL U~u"1"IJ/e)~. "
1J1oifVl LL~U n ~ 3,J ~ /e) fen L~U111 £J~ii~n11L~1~"lJU 1 (;IlnrX LR£J~ri U

.. ", .. it , d...
f1/e) L~U~1Uf'!U£Jn~1~/e)£J U"D'J~ 13.45-14.16 3,J3,J. "D~3,Jn11" "

~ "
~(;Ij;1'J1/e)£J~~ 5.6-10.33

d",.,...~ '."1~4d. d '"
Vl3.J~ ~enVlu'J3.J1CU~~ U1~:::LuUlJl'JL~lf}nVlL~3.J1:::~3.J L UIf}~~1n3.J" "

.jilf}~ ~1f}31rJ'J13.JLL UlJ~UVllJl13.J1IIf}lJ~~U'J:::3.J1CU 15.56:t 7.6

L3.JrJ'JIf}U29 31~1n1ii:~{;](;111'J1~~~U'J:::3.J1CU 182 L3.Jn:::U1~rJ1~ 30

"

31n1'J~nmntJiL~U~nlJLrJ~lf}lJ-.Afu31 Ulf}n~1n;JLLtJi'JL.s3.JL ~'J~LUU

'J:::lJlJ~31n1'J1-if~1U3.J1U1Un~1~lJtJ ~~31~1U~~U~1nn1T1-if

vi1Luu':jL uuf LL~:::~lJ~1 31iJlJI'J1n1'JIf}U'JIf}(;1~~t1~1If}U~::: 98.832" "

If}U1~L'JrilJl13.J ~~~1L1~1 Un1'Jerllf}3.JLLen3.Jvl'Ju-:iu~lf}fenL~U

,fu;'fUIf}UnlJ,TUlJIIf}U~1f'i'ru~If}~U'J:::n1'J~1f} n1'JuflJ~111~CJ'J" ~

.. d 4~ 4~~"""" '"
~1f}'JenL~UL~lf}n1'JU(;1lJ1(;1 LL~:::'J:::lJlJU(;1lJ1(;1Vl ~enU(;1~If}'JenL~UL1I1

vl'JUnU LU~'JU1I1f}~n1'JuflJ~111~CJ'J,fU ~1n'J1U~1U~~U~

~1U3.J1 mfin1'JuflJ~111~CJ'J~lf}fenL~U~~1UU'J:::n1'J~1f} n1'J

UflJ~111~CJ'JVl1~L :n~n~ LvlLLr1 n1'Jn'Jlf}vl'JUL;j3.Jn'Jlf}n1nL ~"j]'J33.34

n1'JLU1Vl'J1Uvl'JU~~If}:::'Zj~L UU3.Jlf}lf}nLen~ (AI203) 1IU1(;1 50

L3.JrJ'JIf}U21 n1'JuflJ~111~CJ'JVl1~LrJ31LvlLLr1 n1'JL-ifn'J(;1Le:lL(;1'J-

..1 ~ " '" '" ~ ."1
~~If}If}'JnrJ'J13.JL1I3.J1IU'JIf}U~::: 7.5-1 0 n(;1LuUL'J~1 2.5-20"

"'35 '1 '" "'..1 '" '" '" ~ ."1
U1Vl n1'J~"j]L~~LIf}~LIf}~rJ'J13.JL1I3.J1IU'JIf}U~::: 1.23 n(;1LuU

L'J~1 10 U1\/i36-40 LLI?iIf}U1~L'JrilJl13.J ~~L un1'JuflJ~111~CJ'J

~ If} fen L~U,f U ii~ rJ~31,j' If},] (;1 LL tJ~~1 n1'JU flJ ~ 111~ CJ'J vl'JU~m(;1~

1 ~~~~n~119.22.25.41.42 1 u~'JU1I1f}~'J:::lJlJtj(;1W1(;1,fu Vl1~L~lf}n~tl1

~UL~~~(;1LUU~~UU~1f) L'J:nuenL3.JU~ ulf}n~1nL~rJ'J13.J~'Ju~13.J. .
LLtJi'J ii~L ~rJCU~3.JlJ""iIVl1~n1ull1~LL~:::Vl1~LrJ31~~ n1'Jtj(;1W1(;1~~.
31~1rJ'J13.JVlULL'J~iJ(;1 (compressive strength) U'J:::3.J1CU 180-

265 L3.Jn:::U1~rJ1~ ~1rJ'J13.JVlULL'J~~~U'J:::3.J1CU 34-37 L3.Jn:::-

U1~rJ1~ 31n1'J~:::~1uLu-rlIf}~U1nLwu~1If}U~::: 0.13 LU 24

,t'JL3.J~ LL~:::~1rJ'J1~~U1 (film thickness) U'J:::3.J1CU 13-20

L3.JrJ'JIf}U2 Ulf}n~1n;J L'J'iluenL3.JU~~13.J1'JtlL~13.JrJ'J13.JLL;j~LL'J~L ~

LLr1-:iU~1U ~If}fen L~U ~tj (;1 If} U vl'JULvl L(;1U L,j'1 Lutl (;1ilf}~'Jlf}u"

(;]1~uI?i1~ 1 (flaws) ~LUU,,!(;1L~3.JvlU1I1f}~n1'JLLlJIn-JnlJU~uCJ'J

1I1f}~~lf}fenL~U LL~:::iilJJ~n1'JLWllJ LlJIl?ilf) LU1I1f}~'JIf}ULLlJIn LL~:::ii~

vi1L ~n1'Jc11UVlIf} (;1LL'J~~1n rJ'Jlf}lJ-.Afu~~~ r;i"J-.AfULUULUIf}U1~31"

u'J:::~Vlfill1~ ~~erl'Ju~(;1n1'JLn(;1rJ'J13.JL~ULL~:::L .rj3.JrJ'J13.J~1UVl1U

I?ilf}n1'JLLlJIn-JnLvl43

~1:- J""..f L "'~.I ..d...
(;1~UU n1'JVl(;1~If}~UL(;1Vl111U (;1U3.J'JlJItlu'J:::~~rJL~If}~n~.

~1rJ'J13.JLL;j~LL'J~viufj:::Liillf}u (planar shear bond strength) 1I1f}~

~If}fen L~u~31~ Lenvlm3.J1CU~~ tj (;1 WI (;1nlJlf}:::~~ii~~lf}fenL~U" " "

vl'J U L 'J'iluen L3.J U~ 111 U L~n1 'JUflJ~111~ CJ'J 1?i1~n U1I1f}~~lf}f"j] L~U

vT~~If}~"j]U(;1 L ~1f}u"13.J1L-ifLuuLL U'JVl1~L un1'JU'J:::unlJlL -iferllf}3.J-
.

LL"j]3.J-:iU~1U~lf}fenL~ULvl

n1"a1.G1~iJ3J'Wi1'!lI.&\Lc.ijj&1!1\1i\J~3J1~a~.. ..
'" , , JJ .. ~ ~

~'JI~LL~LLUULL~un~~~ln'IJ~~~UIL~U (Dental wax

sheets, Mizzy Inc., Cherry Hill, NJ, USA) 'lJUI~L~U~IU-
.. ° ~ '" °

f'lUfJn~l~ 5.5 ~~. ~UI 1 ~~. ~IU'JU 300 -nU LL~'JUI~1
"

~~~L'V1 (sprue) ~ln,fuuI11J~~1u;;~~viILUlor.J'fJ~Lor.Jl?1 (phos-

phate-bonded investment, Ivoclar, Schaan, Liechtenstein)
~..~ '" . ° '" ~

1?11~n'J'J~'Jfi'fJ~~~LUI (lost-wax technIque) UILUI 'fJUn'fJ'V1

(TC I, Ivoclar, Schaan, Liechtenstein) LL~~LLvi~n~ (plunger)

l1JL;;ILI?11L~1 (burn-out furnace, KDF, model H7, Denken,
d ~ 0 ., oJJ 1 .,; '"

Tokyo, Japan) L~'fJL~I'fJUn'fJ'V1 LL'V1~n~LL~~~~'IJ~~ ~fJL'J~I?1U

~'" ° .. ~ ° ~
~ln'fJru~Jl~~'fJ~ (23 en) ~UC1~'fJru~Jl~ 250 en LL~~rI~'fJru~Jl~. " . " . "
m1 30 UI\ii L ~~'fJru~Jlfl~uCi~ 950° en LL~~rI~11 90 UI\ii. "
l~fJ~.iJI?1'Jlnl'JL ~~'fJru~JlflLUU 5° en ~'fJUI\ii ('J'J~L'J~I1J'J~-

."

~lru 4 /rj'Jl~~ 45 UI\ii) L~'fJL~11~"d~LL-li'J UILUI lfIun'fJ'V1

LL~~LLvi~n~'fJ'fJn~lnLI?11L~1 1~fJ1t..jlflun'fJ'V1~~1 ULUI LL-li'J1?11~

?!i'JfJLLvi~n~ ~ln,fuuI11JL;;ILI?11.iJ~ (EP 500 Press Furnace,

Ivoclar, Schaan Liechtenstein) LL-li'JL~~'fJruJlfl~ln 5600en. "
~uCi~ 1180° en LL vi~n~~~n~.iJ~IfIUn'fJ'V1L;;ILL 'V1U~t..j'Ju~Luu"d~

?!i'JfJrI'JI~~U 0.5 L~n~1JI~rll~ L~'fJn'J~U'Junl'J.iJ~iu~~~~.
UILUI'fJ'fJn ~~:iJ~11~~ru~J]fli.;"fJ~ (~ru~J]fl1J'J~~lru 23° en)
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~'ULu'U1.jiL,)~1U'l::3,J1ru 60 'U1Vi ~1n,fuLLEJnin'U~1'U't)'t)n~1n

!!i~~vi1LU1 1~EJrJI~ti1,)EJLL~'Un~3,Jn1nL "r'i-n'l-nU~U1~ rI.I ~1LL ~U~.
f1,)13,JEJ1,)1I't)~LL vl~n~ri't)'U LL~,)~~LU1ti1,)EJL~~LLn') (glass beads,

Microblast 90 my, Dentalfarm, Italy) 1I'U1~ 90 L3,Jf1'1't)'U l~EJ
"q , ,~",~,~ ~

3,J'I::EJ::~1~'::~,)1~~,)"r'i'Ut1~-n'U~1'UL Vl1nU 10 3,J3,J. f1,)13,J~'U 0.4

L3,Jn::U1~f11~ ~'UL ~'Uin'U~1'U LL~::vi'U(;]'t)ti1,)EJf1,)13,J rJI'U 0.2

L3,Jn::U1~f11~ ~'ULti1in'U~1'U~~~nU'ILVI't)'t)n3,J1 rJI~in'U~1'U't)'t)n"

~1n'lL VI ti1,)EJLL~'Un~3,Jn1nL "r'i-n'l-nU~U1~ (Jota, Swtitzerland)
"

n'l'a bGl ~ iJ 3J'LJ{'U fial'l'W iI~'We1,-n bau ~.;j a 1 -n'Vi'LJ; 3J'l ~u

a\1
OJ

Vi'flf'DL~u~~~1'Dv1m~1n.1~~ C1nLLu~1~£Jn1'1~~LtJU 5" " " .

L 1UU vi") U 1 U ~ ~ LL ~ ~u ~ vi' ') U ~ n Url'flUn1'1LCJ1..

nti/3.J;!g9fJ.J L~1U3.JL-rluL~u')nun-i:i3.Ju 1 un-i:i3.J~'fIf-nL~U~~~1-nvl. ill3.J1CU~~

..

nti/3.J;!g913.J L~1U3.JL-rluL~u')nun-i:i3.J:n 1 un-i:i3.J~'fIf-nL~U~~~ 1-nvl. ill3.J1CU~~

..

nti/i.J;!N 'IT~tI,)L-rluL~u')nun-i:i3.J~~'fI~ ~1n,iu U13.J11Un1'1LU1. .
V1'11uvi',)UL~~'fI~LU1V1'11U (Miniblaster, Deldent Ltd., Petach

Tikva, Israel) vi',)uCJ~'fI~~~L uu3.J'fI'fIn1-nfl (Deldent Ltd., Petach
..

Tikva, Israel) 'lJU1~ 50 13.J~'1'f1U LUUL,)~1 1 5 ~U1~ ~U~1~
'" d' ~,.. ", d'

~1nCJ,)~'fI'1-nL~U 20 3.J3.J. ~,)~U3.J'lJU1~L~UCJ1u~UUn~1~ 1.2
..

3.J3.J. ~,)13.Jv1U 0.68 L3.Jn~U1~~1~ LL~,)~~~1~vi")u.J1n~U~1n
~.. "..r 0 .0.1 "'.. . 'I '1"" "'..

~,)'il~Ln1'f1V11Y1U 20 ')U1V1 LL~~Lu1~3.J ~ ~LL ~~ 30 ')U1V1

nti/3.J;!U1 L~1U3.JL-rluL~u')nun-i:i3.J~ 1un-i:i3.J~'fIf-nL~U~~~1-nvl. .."
ill3.J1rn~~"

nti/3.J;!un L~1U3.JL-rluL~u')nun-i:i3.J~ 1un-i:i3.J~'fIf-nL~U~~~1-nvl. ill3.J1rn~~

" "" "
~ 0", '" ~ ,"

~1nUU U1-nU~1U3.J1~'1,)~~111~CJ,)V1~~'fI~n~3.J ~')U.
" d'", 0 "" .

n~'fI~~~V1'1'1~U'fIL~n~'1'f1U-nu~~'fI~n'11~ (scanmng electron.
microscope, JSM-5800LV Scanning Microscope, JEaL,

Japan) L ~'fIfJin~~111~tI,)~'fIf-nL~U1l1U~~~~1nn1'1U1U~111~
'" " "'.., ~

CJ,)~,)U,)fi~1~nu

""",~ ,.. ~O "
nfi.7.J'l1 1J~~,)L ~~'fIUn~~1J ~1nUUU1~1n'i'fl~,)'V'I'fI'i"DL~U~,)fJ. .

d" ,""., ",,'t
Lr1'i'fl~n'i'flr1,)1~L'i,)~~ 200,000 'i'fl1J~'fIU1Vl ~ U~111,)~~U1

"

LUUL,)~1 151U1~ 1~fJ1.jfL;j~n'i'fln1nL'V'I"D'i"DU~~fJ11J 'iUVl'i~
"

~'fI1JU~1fJ~U (Jota, Switzerland) ~~n1nL 'V'I"D'i~1JU1~ 88-105

LL-1i')~~-1i1~~,)fJ.J1nrfiu~1n';;;')'tl~Ln1tvi1.;.ru (triple syringe)

20 1U1~ LL~~LU1~~1~LL~~ 30 1U1~

nti/.7.Jv? ,j~~,)L~~'fIUn~~u ~1nJu~~ri~~,)fJn'i~1~1~'i~~'fI'fI1n.. "
T'fIfJ~~ 9.6 (Porcelain Etch Gel, Pulpdent Corp. MA, USA)

LUUL,)~1 5 U1~ -1i1~L-rlUL~fJ')ri1Jn~~en.
nti/.7.J/fJ ,j~~,)L~~'fIUn~~u LL-1i')\.i11uri~~,)fJL~~L'fI~L'fI~ T'fIfJ. .
~~ 1.23 (Topical Fluoride Gel,Pascal Corp., WA,USA) LUU

""" ,"" ~ ,""
L,)~1 10 U1Vl ~1~L "DUL~fJ')n1Jn~~"D.

n'l~ijG1'WeJ;"ZIl.a'U.~~a1"Z1'L1i'lJ~3J'lt"U,a~ri'I.JeJ:ail,ra
OJ OJ OJ

'WeJ;"ZIl.a'U.
0 .. ~.. , .oJ .oJ.. .. 1 '

U1'EJ ~~~ U~~'EJ1"D L~un~~V1~u~t)~~n~1 tJ V1 ULL~ LLUU.. .
~~1~ttn~'JtJ'EJ~~1~nL1enu1~ (Takilon, Rodont s.T.I., USA)

L ~ 'EJU11 UuV1nu~'EJf"DL~U ~~~ 1 "Dv1m~1ru~~~'JtJ L1enu=n L~Urft
.. ..

1V1 tJ ~'J1/'EJ~~ 'EJf"D L~U vT~~ 'EJ~-nUV1~~ 1~fu n11L~1tJ~~ L ~~ 'EJun u

~'EJL~~~u~'JtJn11V111"DL~uri'EJU (Monobond-S, Vivadent,

Schaan, Liechtenstein) LLtt\"JfI~1t) 60 '1jU1;1~~LU1LL~~ ~1nJu

V11L1enu~1~~~11.iJV1LLV11n (Heliobond, Vivadent, Schaan,

Liechtenstein) ~'JtJLLU1~LuuiuU1~ 1 lV1tJLu1~'JuLnu'EJ'EJn

~ 'J tJ~ ~~U 11 PI~1 noJ1 LL ~~ oJ1 'is U ~1 nJ UCJ ~ ~ L 1en u=n L~ urft

(Variolink II, Vivadent, Schaan, Liechtenstein) ~ 210/A3

1V1tJ CJ~~ ~'Ju f.U.11 unU~'JuL i~u~n1tJ1 ~'J1~~UV1 ~11 U

.iJ~11~'JUL vl1nu ~1~ri1LL U~U11/'EJ~U1';;V1 1~L1enu=nL~urft~~

UU~'EJf"DL~U~~~ 1 "Dv1m~1ru~~ LL~~'EJ~~~ii~~'EJf"DL~U ;1~~
.. .. ..

n~~ U1~1uV1~'JtJnu 1V1tJ1-ifLL1~nV11uLLU'J~~ 200 -nf~ ~U.
~'J1/'EJ~~'EJf"DL~uvT~~'EJ~LL U U~UV1nu 1-if;:inuU1tJ L1enu=n L~Urft

d 0- - -0- #
n'l'aI,G1'a!l3J'IJ'alJSn'l'Ww'Jel:&3JUS'Wel'a"ZlI,&U..

't)::~~ii~~'t)fonL~U~::tlnLLU~1(;lfJn'l'J~~LtJU 6 n~~ n~~.. .. . ..
~ , ~.J'

~:: 50 j;1'J't)fJ'l~ (;l~U

nliiJJrlud" 16J-n(;lt:!'J (n~~~'J1J~~) ~l1'l~t:!'Jl~~'lnn'l'JU'l(;l. ..

nlti6.J nlti6.J~~ 60 rJI'JIrJf.11~~1rJ. .
ntfl3.JL'il 13J'IT~fJ'J (nlti6.JP1'JlJP16.J) ~J)1~fJ'J1~~1nn1'JLU1~'JfJ. ..
L~~LLn'J"lJ1J1~ 90 16.JP1'J1rJ1J ~1n,t1J[;1IrJ1Jn1'JLLfJn~1J~11J

ntfl3.JU 'IT~fJ'J~'JfJn'J~~1~~nlrJlJP11nlJ{J (3M, St. Paul, MN,.
USA) ('IT~LtlfJn) "lJ1J1~ 100 n1Vl 320 n1Vl 600 n1Vl 800

0-~ ~ O~~.. "o~
n'JVl LL~~ 1200 n'JVl [;116.J~1~lJ~1J~'JL'JfJlJ LL~'J1J1-n1J~11J6.J1
0 ".., .d4.. .

Vl1P1'J16.J~~1rJ1 ~~'JfJ LP1'JIrJ~L "lJfJ1 P1'J16.JC1 L 1.-11J1rJ L~fJ~ (ultrasomc

cleaner, PC3, L&R Mfg. Co., NJ, USA) l1J.J1n~1J (distilled

water) LU1JL'J~1 5 U1~ LL~'J~~LU1~6.Jrfjn 30 1U1~ ~ULLii~

~UVl
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~,)ULnU'f)'f)n LL-li,)~~'U1f.JLL~~ ?/r,)f.JLL~~tii~1RU~'f)~L~u1?/r

(visible light) 1~f.J1.jfLR~'f)~'U1f.JLL~~ (Translux EC, Kulzer
~" oJ

& Co GmbH, Germany) V1L~R,)1~f.J1,)R~ULL~~ 400-500
'1 l:.,J"" '" l:..."

U1LUL~~'t V1~~~1U ~1U~::; 1 U1V1 "1nUUU1'DU~1U'f)'f)n

"1nLR~'f)~n~ LL-li')'i}1f.JLL~~.ff1~n 2 u1Vi L~'f)1~L'tOjjuoDL~uIJi'Ln~

tJDrnfJ1 'f) f.11~'(q3,J 1.!1ru vi1n11u ~'f) ::'ij~ u'(q'Vi 'f)fen L~'ULL~::

'Vi'f)fenL~'U~31~lenvi'm3,J1t1.1'(q~vT~'I-13,J~ 300 r1 r;i'~1tJ~ 1 'I-1ii~"1n.. .. .. ..

J'U U1rJ1')'f)f.11~vT~'I-13,J~3,J1Lri1J1 'UifI~31~,)13,J:If'U T'f)fJ~:: 60
..

'f)t1.I'I-111~ 3ien LU'UL,)~1 24 ,t')13,J~. ..

'5\J~ 1 LLIJUll~LL~~~m1V1~~f)~ U1::nf)l.JfI,)tJf)::~iJU~~f)~L~ufj~~~nl.J~f)~L~U~31~1'v1ili).JltU~~ 1l1tJ1;;nl1U11.J~1l1~i:J')lIil~nU vi'~d f)::~iJu~.." " "" "

~f)f'L~UU1::nf)l.JfI')tJ LLl.Jl.J A) 1~U11.J~1l1~i:J'); LLl.Jl.J B) fi~L1tJl.J;',)tJn1::~1~finf)U~lfll.JvI; LLl.Jl.J C) n1f)fI')tJL;j).Jn1f)nlnL~'1'U~...tJll.J; LLl.Jl.J D)

nf1f1')tJn1~1l!1~1yj~f)f)1n LL~:: LLl.Jl.J E) n~;',)tJL~~Lf)~Lf)yj LL~:: ~f)f'L~U~31~1'v1ili).JltU~~ U1::n~1.J;")tJ n~).J 1) LLl.Jl.J A; n~).J 2) LLl.Jl.J B; n~).J 3)" " " . . .
LLl.Jl.J C; n~).J A) LtJ1V111tJfI')tJlJ~~::~~u~f)~n1,vI; n~).J 5) LLl.Jl.J D; n~).J 6) LLl.Jl.J E. " ..
Fig. 1 Diagram representation of overall experimental design for aluminous porcelain discs (AP) bonded to high leucite porcelain (EMP) discs having

different surface treatments. AP consists of TYpe A) no surface treatment; TYpe B) polished with SiC paper; Type C) ground with a coarse diamond bur;

Type D) etched with HF acid and Type E) etched with APF gel. EMP consists of Group 1) type A; Group 2) type B; Group 3) type C; Group 4)

sandblasted with 50 ~m alumina; Group 5) type D and Group 6) type E.

SZ4045TR, mode18MOO733, Japan) ri1i~~U1U 40 L vl1 (;11).J

n1'1~1LL Unn1'1LL(;1n44 LL~::U1 ~1 ~'J1).J LL;j~ LL'1~ojiU fi::L~'t)U).J1

f'i1U'Jn.I ~1~1 L'U~U LL~::~'JUL ~U~ L lJW.J1 (;1'1~1U LL~:: L mUlJ-..

L ~UlJ~'J"l).J LL(;1n~1~'1::~~1~n~).J 1(;1 U l-D'~ti ~n1'1~ L~'11::ii~'J1).J,

LLU'1U'1'JU (analysis of variance: ANaYA) LL~::n1'1V1(;1~'t)lJ
d ~ 4':"-

VJnu (Tukey'stest) V1'1::(;1lJ~'J1).JL'D't)).JU'1't)U~:: 95 (confiden-

tial level 95%, a = 0.05) l~ul-nLu'1LLn'1).J SPSS 1U 7.5 (SPSS
,

Inc., 444 N Michigan Ave., Chicago, ll. 60611, USA)

~ ... d

n1'a'V\G18iJ\J A~13J LL!I~ LL'a~'WU5:LQiJU
.-

U 1 (;]')1f)1:J1~oj\~~3J ~ 1 UYl ~~lf)lJ fo11 rJ,)13J LL aii~ LL 1~-jiUfi:;:L.:flIf)U

" d
~,)fJLrJ11f)~Yl~~lf)lJ~1n~ (lnstron, model 5583, Instron Corp.,

Canton, MA, USA) -n11~1lJ3'1~L~fJ,) fI,)fJrJ,)13JL1,)(;]~'iJ,)1~ 0.2

3J3J. ~If)U1\ii ;;~fo11LL1~~n11.:f~lf)f-nL~uvT~~If)~~u~~~lf)lf)n.
~1nnU ~-J,)fJLuu11')(;]U (1U~ 2) U1fo11LL1~~1f13J1ri1u')rn~1

"

fo11 rJ,)13J LL aii~ LL 1~-jiUfi:;: L.:flIf)U ~-J ')fJLUU 11 ')(;]U~1f) ~111~~~~ L3J ~1

(N/rnrn1 ~1If)L3Jnn:;:U1~rJ1~ ~1nJuu1~U(;]')1f)1:J1~3J1~1,)~

~111~n11LL~nfl,)fJn~If)~~L~1f)111f)~1rJu (stereoscooe. OlvmDus



ml1J~U1 ml1J~U)11?PJJU LL~:: ul1JLiPi mntJ7V1D17::n~~ ~ . ~., .,180

wan'l'af1nti'l

..I " - .
,tJ'WI 2 n11V1~ftt}1J~'J1~LL~~U1~~Ufi::L~t}U
..

Fig. 2 Shear bond sb'ength evaluation.

G1e1U~ 1 b\J~iI'UbcVjil'UW~n'1'j'VI61~e1~1ubb6i~:na3J.
, ~ ~ ~ d ,d

LL ~ ~~ r11 r11"J1~ LL 'IJ~ LL 'i~Vi UD~ Lru 'eJ ULru~ fJ LL~~~I"JUL U fJ~ L UU

~~ ~ d
~1j;1'i~1U LL~~n1'iVl~~'eJUVl1~~(1j;1 ~~j;11'i1~VI 1

..
~ "', ~ ~ ~ ~~.-

(1~LL~1"J1 r11"J1~LL'IJ~LL'i~ViUD~Lru'eJU'IJ'eJ~'eJ~~~U~Vi'eJ'ienL~U
..

d, ~ '" ~ ~ ~ ~ .-

VI CJ1 Un1dn'i'eJ CJI"J ~I"J fJ L 'IJ ~ n'i'eJ n1n L Vi'Dden U~~ fJ1U fJ ~ nUVi 'eJden L~U

~~~lenv1m~1ru~~\iilJ11un1'iU1U~1l1VitlI"JL -rluL~fJl"JnU ~~1 ~
.. ..

fO11r11"J1~LL-n~LL'i~ojiUD~L;ij,'eJU~~~~ (30.2 +/- 2.0 L~n~U1~r11~).. .
rij;11~ fO11~1J1d 13JViUr11"J1~LLj;1nI;]1~'eJf.11~~iifJit1Iii'tlJVl1~~Cl'ril

L~'eJLmfJUL\iifJUnUn1'iU~'IJ'eJ~Vi'eJfenL~uvT~ 2 enu~ ~1;]1~rilJl

1Un1'iU1U~1l1ViJll"JfJn'i'i~'tjfi LU1V1'i1fJ ~1'eJ1-nn'i~n~

LiJU~u1i~Lnj;1~1 L~'eJu1Vi'eJfenL~u~~~len{im~1ru~~ ~.. ..

13J1J11u n1'iU1U~1l1 Vi tIl"J ~1'eJ lJ11u n1 'i-n ~ L 1fJU Jll"JfJn'i~ ~;~

~n'eJUr111't U r!t ~1U ~nu'eJ~~fJii ~Vi'eJfenL~U~~1Un1'in~ JlI"J fJ
..

n'i~1l!1~'i~~'eJ'eJ1n ~1'eJL~~L'eJ~L'eJ~JU ~~1 ~fO11r11"J1~LL-n~LL'i~
..

ojiUD~ L;ij, 'eJU ~13J LLj;1n 1;]1~nU'eJf.11~~ii fJit1Iii'tlJVl1~~Cl'ril LLI;] L~ 'eJ

U1~1 U ~nu 'eJ ~~fJ ii ~Vi 'eJfen L~U ~1U n1 'iU 1U tIl"J'tjfi L~ fJ I"J nu fO11
..

r11"J1~LL-n~LL'i~ojiuD~L;ij,'eJu~rj~1J1~fO11~1~~~ (16-18 L~n~-.
U1~r11~)

61'1'j'1~~ 1 rl1 L~~ tJ R'J11.J LL;j-3 LL1-3.jfU fi::L~ tJU LLfi::ri'JUL" tJ-3LUUI.J1 ~1r:1U1ItJ-3 tJ ::fi31ii ~YltJ~ LfiU U~ nuYltJ~ LfiU ~i:jfi 1 on.f1t1'1l.J1 C\J ~-3 111 tJ 'llln111Jfu~111Y1.

fJ'JrI11-3nU

Table 1 Mean shear bond strength and standard deviation of aluminous porcelain bonded to high leucite porcelain under different surface treatments.

SHEAR BOND STRENTH (Mean:!: SD, MPa)

Group Surface Rx

2

3

4

5

6

Ctrl

SiC

SiC + DB

SiC + SB

SiC + HF

SiC + APF

.. b ii'1~ii~fttJL~~tJuriULL~~~f1'11I-J1~LL~nr;i1~tJU1~~iitJft1itcy (same letter indicates no significant difference)

niiI-J~ 1-6 ~tJ tJ~~~ii~VitJf'DL~U LL~~ LLl.Jl.J A-E ~tJ VitJf'DL~U~~~1'Dv1mI-J1CU~~ (Aluminous porcelain, Group 1-6 and high leucite content porcelain,
. OJ OJ OJ

Type A-E)

- Ctrl = niiI-Jf1'1l.Jf1I-J' SiC = ;;~;"1tJn1~~1~~ntJUf111l1.Jt;i'; DB = n1tJ;"1tJL;jI-Jn1tJn1rnVi'D1'DU~~tJ11.J; SB = LU1V111tJ;"1tJ~~tJ~~~ii~tJtJn1'D;'; HF =. . . OJ
ri~;"1tJn1tJ1l11~1~'ijtJtJ1n LL~~ APF = ri~;"1tJL~~LtJ~LtJ~,

- Ctrl = control group; SiC = polished with SiC paper; DB = ground with a coarse diamond bur; SB = sandblasted with alumina; HF = etched with HF acid and

APF = etched with APF gel,

) j: 3.1

l:1: 3.1

ij:4.1"

1j:3.1"

;:1:4.7"

:1: 3.5"
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m3.J1n.1~~n~3.Jr1,)lJr13.J (E) n~3.Jn1'fJ~,)tJ-J')n1'fJn1nL 'r'/"!11 (F)". . .
n~3.JriC;)~,)tJn1c;)1l11C;)1yJ~'fJ'fJ1n (G) LL~::n~3.Jric;)~')tJ

L"~L'fJ~L'fJyJ (H) 1C;)tJvt')1u~~u~')""tJ1lJ ~""~3.J~n Lt)1LL~::r1'fJC;)."'1 J.. d -~ .,. ~ J Q Q~

L'iJ1 ~ UL U'fJ'r'/'fJ1"!1L~U L3.J'fJ Lu1tJlJL VltJlJnlJ'r'/U~,)'fJ::~3.JU~"
.., , ~ .,. ,.

'r'/'fJ1"!1L~Un~3.Jr1,)lJr13.J (A) n~3.J'iJC;)L1tJlJ (B) LL~::'r'/'fJ1"!1L~UVl3.J. . .
~1"!1vfm3.J1n.1~~n~3.J;rC;)L1tJlJ (C) ~~~~U~,)~L1tJlJ ~i'fJ~tJ1,)

~""~~L""~'fJ"1nn11;rc;)~')tJn1::C;)1m~n'fJUr11fllJr/r

~'1)fenL~U~31~ 1 envim~1 rn~-3..f u L~'1)U1~1,](;1L1uulfl')u" "
n1:; (;11~~ n '1) U ~1fl u ~ LL~":;U1 ~1 tj (;1 nu'1):;~ ~ oJ ~~ '1) fen L~U

"

~cJ1un11n1'1)lfI,)uLejj~n1'1)n1nL ~en1 ...,1'1)LU"1V111U ritT-3~-31.:.f
, .. ~ .. ,,~:.~ ,~

~1~,)1~LL '11-3LL1-3~UD:;L'U'1)UU'1)UVlIJI1V1~ (;1 L -nunu.
LLI;]'1)u1-311riIJl1~ n11u1'1):;~~oJ~~'1)fenL~u~13Jllf1fu"

n11tJfu~J)1~tJ') ...,1'1)cJ1un11,] (;1 L1UU lfI')un1:;(;11~~n '1)U-

~1flu~ ~1tj(;1~(;1nu~'1)fenL~u~31~lenvim~1ru~-3 13J11.,:;llf1
" "

fun11tJfu~J)1~ tJ,)LLuul(;1 ri'l3J~u ~,)1~ LLlJln 1;]1-3'1) U1-331oJ U
. ~ QQ

~1~t1.JVl1-3~t)1JI (p > 0.05)

oJ -"".
melU'VI2eJan'l'am'a'J~8Sl'l'WeJ'Jm'JY.lnael\1~a'VI'a'af1U._m -. - oJ
elbanm'aelU2IUm8el\1n'a'lm m\1'a1J'VI 3 bba:: 4..

, .l' '" '" ~.. , '" ~
'rjlJ'J1'rjU~'J'fJ:;~3.JU~'rj'fJ'fonL~Un~3.Jn'f'fJ~'JtJ~'Jn'f'fJ.. "

\

n1nL'rj"jj'f (A) nl&i3.JLU1'V1'f1tJ (B) nl&i3.Jn~~'JtJn'f~ll]l~'f-. .
~~'fJ'fJ1n (C) nl&i3.Jn~~'JtJL~~L'fJWL'fJ~ (D) 'rj'fJfonL~u~~~lonvl'" ..

..

.

eJ~n1'a G1'a'J~'a\J 1.1. 'U'U n1'a 1.1.G1 n rJi'J 2J niQ)~a 1.G1Q)~Q) a 1ft \J..

"t"ilJ11n~~m~:;lJm11l:;lJ~111"t"ifJ'J1iiLn~~'J1~"'fJ1lJ1J'r)~.
"t"i'r)fenL~'UvT~~'r)~-n,j~ ~n1nL(;1n 1 'U~'J'U1J'r)~'r)::~iJu~"t"i'r)fenL~'U"

(cohesive fracture) 1~fJ13J"t"ilJn1nL(;1n1J'r)~"t"i'r)fenL~'U~~~1env1
"

m~1ru~~1'r)fJ~:: 1 00 ~'J'Un~~'iT~L1fJlJ (n~~ 1 -6B) ~n.11
" "

, ~~.. .. d...,..
LL(;1n (;11~1'r)fJ (;1'r)1J'r)~'r)::~~'U~"t"i'r)1enL~'ULL~::"t"i'r)1enL~'U Vl~~ b enVl" "

m~1ru~~LU'U~'J'U1 "'rY (1'r)fJ~:: 70-90)

~

'"

..I , " ..~ " ~, . - ,.r ~ ~ -.., , - 4
'1\1" 3 1l1ViCl1U~1nnflt)~~flVl'J'J~Ut)Lfln~'Jt)U'DUf1ftt)~n'J1f1 (mfl~"U1U 500 LVl1) LLftf1~ViU~'Jt)::fl~UftVit)'J~LflUnfl~fI'Jl.JfI~ (A) nfl~"f1L'JUlJ (B)'" .. ...

.. ~4 1 "'~ '-4
LL~::Vit)'J~LflUVI~fl ~Vlu'J~1(Uft~nfl~"f1L'JUlJ (C).. .. .
Fig. 3 Scanning electron micrograph (x500) of aluminous porcelain: (A), control group; (B), polishing group (C), Polishing of high leucite content

group.
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.,j , " ..- . -, . ~ ,.r - - ~.. , ,,~
'U" 4 111fiC11tJ~1nnflt}~~flVl11~Ut}Lfln'11t}U'DU~~t}~n11~ (n1f1~~tJ1tJ 500 LVl1) LL~~~fiU~')t}::fI)JU~fit}1'DLflU nfl)Jn1t}~,)tJ,..')n1t}n1nLfi'D1 (A)u . ~ .
n~)JLU1V111tJ (B) n~)Jn~~,)tJn1~1111~1~~t}t}1n (C) n~)Jn~~')tJL~flLt}~Lt}~ (D) u.fI::fit}f'IILflU\iI1~1'Dvlm)J1tU~~n~)JfI,)1Jf1)J (E) n~)Jn1t}~')tJL';)J

n1t}n1nLfi'D1 (F) nfi)Jn~~')tJn1~1111~1~flt}t}1n (0) LLfI::nfi)Jn~;")tJL~flLt}~Lt}~ (H). ~ .
Fig. 4 Scanning electron micrograph (x500) of aluminous porcelain: (A), grinding with a coarse diamond bur group; (B), sandblasting group; (C), etching

with HF acid group; (0), etching with APF gel group, and high leucite porcelain: (E), control group; (F), grinding with a coarse diamond bur group;

(0) etching with HF acid group and (H), etching with APF gel group.

- ~
'J~1'3t"u. .l do.. ~ ~ ~ .. d , .I~

~~3.JlJ1U L3.J'f)U13.J1fJ~ntJ'f)::~3.JU~Yi'f)'1onL~uV1~1Un1'1u'1tJ. ..
~Jl1YiEj') ~-3L~ 1011 ~,)13.JLL ;j-3LL'1-3vTufi::L~'f)Um3JLLlJ1nr;\1-3t)rJ1-3

~iifJ~1I"i'ruV11-3~f1~ntJn~3.J~~1Um'1uftJ~Jl1YiEj')~U
~ .

m'1LlJ11fJ3.JEj')t)::~31 ii~Yi 'f)fon L~U~,)fJm'1L .j!n'1~ LlI1~'1-
..

yj~'f)'f)1n (n~3.J~ 5) LL~::L~~L'f)~L'f)yj n~'f)::~31ii~Yi'f)fonL~U... ..
,fu (n~3.J~ 6) ~::L~iln~tU::~uEj,)~L3J~'1ULLtJtJ~LL UUt)U. ..
L ,j t)-3~1 n n'1~ LlI1 ~'1yj~ 'f) t)1n LL~:: L ~~ L 'f)~ L 'f) yj~::vi1UnmfJ1ntJ

~~ .",~ "1 d ~~ .. 1:-.1 "
on~n1 ~~~n,)1 ~ U1ItU::V1'f)::~3.JU~Yi'f)'1onL~UUU u'1::n'f)tJ~,)£J..

'f)::~31U1Li:JU~,)UL ~ru U'1::3.J1CU1'f)fJ~:: 40- 503 LLr;\~:n~n1.. ~

Li:JU~')UUt)£J r;i-3,fun'1~LlI1~'1yj~t)t)1nLL~::L~~L'f)~L'f)yj ~-3vi1..
.I~- ~ ~ ~ .. ."", 45 ~ .l ~ d.,!'1 0

u!Jn'1£J1ntJ'f)::~3.JU~Yi'f)'1onL~U ~~Ut)fJ ~n~CU::Yi~~,)V1 ~~ ~3.J

Tit) L iiLn~n1'1U ~ ~~~~46 m'1U ~~~'1::~~1-3t)::~31ii~Yi'f)fon L~U

n1'1U1"1'j'f)f'D L~U ~~~ 1 'Dvi'tI'13.J1 n.I~~3.J1 U ~nU'f)::~fj ii~" " "
"I'j 'f)f'D L~u1-v'f~tJ'1::t.Vlfi111"1'jJ U ~1 Luu~'f)~tJfu~111"1'j~'J'II'f)~

.. ~ 'I"~ 4 .. .,/
"I'j'f)'1'DL~UVI~~'f)~ L ~3.JF1'J13.J~fJ1U '11'1'11'1:: L "I'j'11::C.J'J"I'j'f)'1'DL~UVI.

0 ~j"'/4 'I .. , j' 4 .. .,/
~fJ1U fJ'f)3.J3.J"l'jUVlC.J'J L Un1'1Ln1::fJ~3.J1nn'J1"1'jUC.J'J"I'j'f)'1'DL~UVI

L1fJU ~fin1'1tJfu~111"1'j~'J"I'j'f)f'DL~UL ~'f)n1'1U~Ju ~13.J1'1t1vi1

1~~~1fJ~fiL -nU n1'1n'1'f)~'J"l'jt)f'DL~U~'JfJL o!:i3.Jn'1t)n1n L "I'j'D'1

'DU~~fJ1U n1'1LU1V1'11fJ~'JfJC.J~'f)::~fjii~t)'f)nl'Dt/r n1'1n~~'J"

"I'j'f)f'DL~u~'JfJn'1~ll11~'1~~'f)'f)1n ~1'f)L"~L'f)~L'f)~"

L ~'f)~"1nn1'1LI;11fJ3.J"I'j'f)f'DL~U~~~1'Dvi'tI'13.J1n.1~~ ~'f)~" "

~1U~ UI;1t)Un1'1LL fJ n-;;U~1 U~'JfJn1'1L U1 ~'J fJ L31 ~ LLrl'J'IIU 1 ~ 90

13.JF1'1'f)U r;i~Ju~'JL~3.J~U~~13.J1-n~'JL1fJU .f.u~'J~iinMCU::LUU
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-rl'1)~1l1nLL~~~13,J1'fC1V111f1vt'J?:j'J~'1)fenL~u vi1L \XLn~n1'f1l:;lJ

~111~?:j'J~~J1L~3,J'1) LLl1in1'f1.ji'n'f~1~1~'fyJ~'1)'1)1n,fu ~'J'fL.ji'"

LL~UtJ1~~U.J1~1tJV1n~f~ L ~'1)i]'1)~nuriJu~'f1tJl1i'1)L d'1)L~'1) L U.
-rl'1)~1l1n33.50

.J' a':r '1 0 ,..
U'fJn,,1nU f1,)1j;11'),,~'fJUn11~Uy'jU~ UYlnj;l1LL 1..IU-.1 en-.1,

LL~11~1LL1-.1~1~"1nn11YlIPI~'fJ-.1d (ntti3.J 5E ~~1LL1-.1~-.1~IPI~'fJ, " ,
~ ~ '1"'" ~ , .J' '1 a':r ~..

807.2 U')j;lU) ,,:::~n~Lf1fJ-.1nUf11LL1-.1UIPILf1fJ,)~Uy'jU1..I~-.1 en-.1

~n~1IP1fJ Waltimo LL~::: Kononen51 11~~1U1:::3.J1ru 847

u')iu LLl'l'fJu1-.111nj;l13.J 111fJ1..Iii-.1n11oJ!'fJ3.J f1')1U1ULLl'l-.1n11

~U-fIUr;i1LL 1..Iil-.1~LLj;ln 1 ,x-fIuuu/tti1-.1i3.J{i~nULLl'lL ~fJ-.1L~nii'fJfJ

.J' d 0 r:; 0'1""
(light contact) LL1-.1UIPILf1fJ')Yln1:::Yl1en11 uu 'fJ1"Yl1~1..Ij'j'fJ1en-

~ r '1 "... :; d .J' ...1
L~U1..I~1PI 1..I1'fJLLj;lnen1 ~1PI'fJn LL~:::n11LLj;lnf11-.1Yl~'fJ-.1U ,,:::LuU,

n11LLj;ln1 u~,)U1J'fJ-.1'fnU-.11UL~3.J 16Jl~LLj;ln1 u~,)U1J'fJ-.1j'j'fJfenL~U

~~~ 1 en vim 3.J 1 ru~-.1 i-.1~~n11YlIPI~ 'fJ-.1~1~ ntti1,) lu LL~,);;1-.1 ~U" "
.. , :; 0'1" .J"
en-.1n11en'fJ3.JLLeniJuU,,:::Yl1 ~lPIfJ1n1JU

.. ", .J' , "~
'fJU-.1 LL3.J,)1,,1n~~n11YlIPI~'fJ-.1U f11f1')13.JLL1J-.1LL1-.1j'jUfi:::

L'il'fJu~l~ ~'fJU;;1-.1~-.1 LLl'ln11YlIPI~'fJ-.1dLiJun11YlIPI~'fJ-.11 u,x'fJ-.1"
unu""'iIn11L vl1.JU 16J~13.J11C1LmfJuL ~fJUnU~111j'jf1,)13.JLiJu

,,1-.11 uoJ!'fJ-.1u1nl~ L ~'fJ-.1"1n~111j'j1 u-n'fJ-.1U1n.Ju ~.J1LL~:::

f1,)13.J~U f1,)13.JLiJun1IP1LL~:::(;]1-.1 ~LLj;lnl'l1-.1nultrluLLl'l~:::Uf1f1~,
~-.1U'fJ3.J~~~l'l'fJn11ulPI~IPI1J'fJ-.1'fnu-.11ul~ i-.1.JU1..I1n":::~"11ru1

Ii-.1 f1,)13.J f1-.1Ylu1 un11oJ! 'fJ3.J LL en3.J'fnU-.11 U j'j 'fJfen L~ U ~ LLj;ln ~') fJ

.. d... '1 "al':!. .J' " "... ~ ~
j'j'fJ1enL~UYl3.J~ ~enYlu13.J1ru~-.1ULL~,) f1,)1,,:::j;I'fJ-.13.Jn11~n~C1-.1" "

, .J', '1al

~~L1..I~1Uj;I'fJ ~u

a'a'IJ
'I

~1nn11~L~11~..1,j"fJ3.J~ ~13.J11t1~1ulCf1~1 n11Ur;)~r;)" .
1~~~1~Yi 'fJ fen L~U ~~~ 1 on vlm3.J 1 CU~~ rlU 'fJ ~~~ ii ~Yi 'fJfon L~U" ""

L~ 'fJ ~ n11U 1U~111Yi ~ 'J1I'fJ~Yi 'fJfon L~ U vf~~ 'fJ~on Ur;) Cf1'J £J n1ffi1'fJ

Cf1'J£JLeii3.Jn1'fJn1nLYion1 n11LU1Vl11£J n111-ifn1r;)1111r;)1~~'fJ'fJ1n"

LL~~L~~ L'fJ~L'fJ~rl r;) ~~ 1 ~~1 ~'J13.J LL eii~LL1~.;jUfi~L'tl'fJU ~l.1JLLj;ln

, ~ , '" ~ . ~ c,c" "" '4 '"
j;l1~nU'fJ£J1~3.JU£J~1~ruVl1~~t1j;1 LLj;I~~3.J ~1~~n'J1 L3.J'fJ3.Jn11

~ "

U 1U ~111Yi ~'J1I 'fJ~Yi 'fJ fen L ~ ULL UU L 1£JU L -nu n11,] r;) Cf1'J £J n 1~ r;)1~

~~n'fJu~1flu~ ~1'fJn~3.J~'Ju~3.J'fJrJ1~~ii£Jtj.1i1ruVl1~~n~.. ~

~'JU'fJ~~~ii~Yi 'fJfon L~U ~1Cf11un11u1u~111Yi ~'J L ~~L~~ 1r;) £J
"

n1n-ifn1r;)rlr;),!u L~'fJU13.J1ur;)rluYi'fJfonL~u~~~lonvlum3.J1cu
"

~~ m.1J1Cf11un11u1u~'Jl ~~£J1U ,,~1 ~~1~'J13.JLLejj~LL1~.;jUfi~"

L'tl'fJU 1.1JLLj;ln~1~rlu'fJrJ1~~ii £Jtj.1i1ClJVl1~~n~ r;i'~,! UYi'fJfon L~U

nU~'f)f'DL~u~3'1~L'Dvlm~1ru~~n~~~')u~~ (5A 6A) LmtJU
" ""

'" ~ '~'" 4 '" , .. ~ 4

L'V1tJUnUn~~'iJ~L'j'tJU (5B 6B) ,,~~~1~,)1~LL'iJ~LL'j'~~Ufi~L'U'f)U

~LJJLLj;1nIJ11~nU

u'f)n"1niiL~'f)~"1'j'ru1'j'ULLUUn1'j'LLj;1n ~U~1n1'j'LLj;1n"

~')ul ~ruLuun1'j'LLj;1nl U~,)U'iJ'f)~'f)~~rJii~~'f)f'DL~U ~1nn~1w "

~"~Luun1'j'LLj;1nl U~,)U'iJ'f)~~lfjf'D L~U ~3'1~L'Dvlm~1 ru~~" "

L ~'j'1~~1~'f)f'DL~U~3'1~L'Dvlm~1ru~~.JU 3'1ri1ii~J;i'~'iJ,)1~~~"" "

n~1'f)~~rJii~~'f)f'DL~U LL~~iUj;1'f)un1'j'vi1~ 'f)f'DL~U ~3'1~ L 'Dvl" "

m~1ru~~.J U,,~n'f) l-:iLn ~n1'j'n'j'~,,1 tJ riI')'iJ'f)~~ L'D'V11uvt').ft~" "

'1aU~1U'f)U1~~J1L~~'f) n'f)u'j'nu~,)1~Lr1'Ute)'~'j"f)U 1 ~~n'CjL'Dvl

te)'uLn ~,,1n~,)1~ LLj;1nIJ11~'iJ'f)~1Oi1i~u'j'~:fi'V11n1'j"iJtJ1tJriI,)L ~j;1,
~,)1~1'f)U 'j'~~~1~~ L 'Dvl LL~~LLn') LL~'V11niiiu t~'j"f)tJ LLj;1n ~~U1"~"

3'1~~r;i'1U'V11UIJ1'f)n1'j'LLj;1nLr;i'47

L~'f)LmtJuL VitJun~~ ~')u ~~ LL~~n~~~Lr;i'"iun1'j'u"iu, , ,
~1l1~ fJ')l-:iLn ~ ~,)1~'iJ'j"iJ'j'~'iJ'f)~'f)~~rJii~~'f)f'D L~U ~u ~ nu, "

.. ~"'., ".~ "".1 ~ 4

~'f)'j"DL~U'V1~~ ~'D'V1u'j'~1ru~~ ~U,)1~'j'uLLUUn1'j'LLj;1n'V1L ~~'f)U" " "

nu ~'f)LUun1'j'LLj;1nl u~,)U'iJ'f)~'f)~~rJii~~'f)f'DL~U 1 U'iJru~~
"

3'11Oi1~,)1~LLejj~LL'j'~vTufi~L~'f)ULLj;1n 1J11~nU L ~j;1~LUUL.J!uii,
'f)fiU1tJL~~1L ,i'f)~"1n~1l1~fJ')1 un~~~')u~~ L~'f)~"1'j'ru1, ,

'" ..~ .. ~, ~ ""
,,1nn~'f)~,,~'V1'j"j'~U'f)L~nj;1'j"f)U'DU~~'f)~n'j'1~UU ~U,)1 ~,

'j"f)tJLLj;1nL~n 1 ~fJ') (surface flaws) n'j'~toI~n'j'~"1tJ'f)~vt,)LU
d .. , .,r ...1 ~ ~..
'D~'j"f)tJLLj;1nL~n 1 L~~1U Luu~n~ru~fi'j"j'~'D1j;1'iJ'f)~~'f)'j"DL~U

~"u~u1~tJn1'j'L~1 (sintering)48 ~~n'f)1-:iLn~n1'j'LLj;1n~LLcJ

'iJtJ1tJL~~1tJ ~~3'1'j'uLLuun1'j'LLj;1nL ~31'f)unun~~~u" ,

"1nn1'j'~L~'j'1~~~~n1'j"V1~~'f)~~n~1,)~1 ,,~L~LL U,)'V11~

1 un1'j',j1~'f)f'DL~u~3'1~L'Dvlm~1ru~~ ~1l.jf.J!'f)~LL'D~'1au~1u
" "

~'f)f'DL~U~LLj;1n 1~tJLL u~,j1l-:iu"iu~1l1~fJ')~'f)f'DL~u~,,~,j1

~1u~~~nul-:iLn~~,)1~~tJ1u ~~l ULLIJ1~~~fi.Jul-:i1Oi1~,)1~

LL;j~ LL 'j'~vTu fi~L~'f)U LJJ LLj;1n 1J11~nU n~LL~~1 ~~n1'j"V1 ~~'f)~~U

~1n1ffi'j"f)~,)tJLejj~n'j"f)n1nL ~'D'j'1-:i1Oi1~,)1~LLejj~LL'j'~vTufi~L~'f)U
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Effect of surface treatments on shear bond
strength of high leucite content porcelain and
aluminous porcelain
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Abstract
Objective The purpose of this study was to evaluate the shear bond strength (SBS) of high leucite content

porcelain (EMP) bonded to aluminous porcelain (AP) using resin cement under different surface treatments.

Materials and methods 300 EMP discs, having a diameter of 5.5 mm and a width of 1 mm, were divided into

5 types, (60 discs/type); Type A no surface treatment to be served as a control group; Type B polished with Sic
paper; Type C ground with a coarse diamond bur; Type D etched with HF acid for 5 min and Type E etched
with APF gel for 10 min. 300 AP discs having a diameter of 15 mm. and a width of 1.5 mm were divided into

6 groups (50 discs/group). Group 1 as type A; Group 2 as type B; Group 3 as type C; Group 4 sandblasted
with alumina particles for 20 s; Group 5 as type D and Group 6 as type E. AP discs were embedded in clear

acrylic resin blocks and then bonded to EMP discs using resin cement under a load of 200 grams. 1:\11 samples
were subjected to SBS evaluation using a univerasal testing machine having a crosshead speed 0.2 mrn/mm

ANaYA and Tukey's statistical analyses were performed on the data.
Results Bonding of AP to EMP having both surface treatments (Group 3-6A, 3-6C, 3-6D and 3-6E) gave
significantly (p ~ 0.05) higher SBS ranging from 25.2:t 3.8 to 30.2 :t 2.0 MPa. There was no significant difference

(p > 0.05) among AP bonded to EMP (Group 1-2 to Type A-E and Group 5-6 to Type A-B).
Conclusion Overall results indicate that the surface treatments of either AP or EMP has a significant (p < 0.05)

effect on the SBS of all tested materials. Consequently, EMP is recommended for repairing of porcelain-

fractured restorations.

(CU Dent J 2001;24: 175-86)

Key words: aluminous porcelain; high leucite content porcelain; resin cement; shear bond strength; surface

treatments
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