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'IJ'VI~G1iie1

n1'1L tI~ uu ~'IJ'f)~..:rU ~1"f1J n1'1fn~1 ~~ 'f)~'11 n..:rULL~,) LUUU t\j~1 "1U~,)1 ~ ~,)U~1~U t\j~1 ~~~ 1~ U
~.!r" .loJ 4.1' ~ .1" - '.of.l' ~ - !'1 1"

L'ilVi1:: ~ U~U~U1 n1'1Lu~UU~U'f)1,;Ln~,;1n~1L ~LJJ~~1Uu'1::n1'1~')unu LL~ut\j~1U~1~1'1C1U'f)~nULL~::LLn ~'IJ ~

.1'.. 4' oJ ~. -, ~ ~ .!r ~- .!r 4
1JVI~,)1~U,;~~,;~~~~~1UL Vi'f)'1,)1J'1,)~,)fin1nL~::,)~~~1~ 1 VI L'n ~ Un1'11J'1CU::~UVI'1n~~~t)~'11n~UL Vi'f)~,)1~. . . v
~,)U~1~ 1~U~';1'1CU1';1n~r{inn1'1LL~::L~LJJCJ~LUn1'1Lon'IJt)~LLlJl~::"tjfi 1"LLrl n1'1~'f)n~..:ru n1'1\!'1CU::..:rUL~'f)U '1,)~

vf~"tjfin1'11J'1CU:: ~'1'f)1J..:rUL 'n'11~n1')~ri1Jn1'1 L on L~t) U LL~::LLnu ..:rUL 'n'11~ nv

('"J.';;;u~ ~W1'1 2544;24:213-21).

0

'U'VI'U.1 en~ r)'f} 'f}n L on vf fJ~U'f}~ri~ ~~vil1 i1'Lii~m'iLU~fJU~6jJ'f}~;:fULUU~..
. I ~ ~ '1" d ~ ~ .l' -~ d ~.l' o.l' "

L VlluUU1L~U ~~ on~nl'i~~~ ~ UL U'f}Y1UVlLn~6jJUL ",~lU~::;L",U

Lv1:r;~l u;:fu ",Ul u'f}n~lnifnl'il-if~~~'f} ~;:fu'f}3J~n~'f}~u ~. . .
Vll~ L.Jil v11Uiu ",i~~l nnl'i1n~'il n;:fu~::;~ ~~ 1 i1'~~ ~~~~ln

.., .., .l' -~

nl'i~nn'i'f}ULL Vl'inon~~lU"'~'f}~L U'f}Y1U (dentinal tubule) LL~::;

LUU~lL ",~1 i1';:fULU~fJULUU~L VllLv1 "'1'f}nl'i'f}~U~v1,)fJr1'f}~-. .
1 ~:f.~L'ienu1~fJL3JLv1vilnl'in~v1,)fJn'i~~::;vil1 i1'Lii~nl'iLL Vlm=n~

~l~6jJ'f}U6jJ'f}~~~~'f}~LL~::;~~m UL if'f};:fuLv1 v1~,funl'i'f}~U~. . .
Vll~L.JilVll~v11Uiu~~r1,)'il-ifLVlr111r1nl'in~v1,)fJn'i~i')~nu

r1'f}~ 1~:f. ~ L 'ienU"D11~L~ 1r1'iVJ~vf2 UVl r1,)l~m-l1 f'1u'Uuuif~~

~~ ~{1U'i::;~~r)L ~'f}'i,)U'i,)~LL~::;LmfJUL ~fJU~~~ LL~::;~finl'im-if. .
U'iru::;;:fu~Lv11Unl'i1n~r1~'f}~'iln;:fuli1'Lii~r1,)1~~,)fJ~1~..

n1'5'W'eJnicWuLucWu1ai3j~~G1

n'l1~ If) n ~ off 'UL tI 'U1fi n'l1~i1-.11 'U n'l1LL m 1Ioff'U Y;1n~'l

r1~ If) -.11'l n off 'U y;~ n'l1L 1J; fJ 'U ~~-.1 1?!J1u m1fJ If) 2.J 1U Ii' 'U If) ri'l-.12.J'l n

n11 L U; fJ ULL 11 fi~Vl1~ ~1 U ~ 'J13-J ~ 'J fJ~13-J vi L n~:jf U li'1J.;( U vi

1~:;Un11:;n~~fi'fl~11n.;(ULL~'J ~'fI .;(ULU;fJU~ ~1'f1 .;(Uc;i1

~~Ln~"1n~1L~(;1~fi1fJU1:;n111.21~LLn n11vi.;(u1~:;1J1J1~L~1J.
n11~L;'fI~'fI'fInL ul Yi1~.;(U n11(;11fJ'1J'fI~L iI'fIL~'fIU1:;~1Vl.;(U

~1'f1~'J13-J~3-JL~fi'JLUn11~13-JL;'fI~1:;~~1~n11:;n~11n.;(U ~

~fiL ~Ln~n11LL(;1n'1J'fI~L~~L;'fI~LL~~ L~l3-JlnfiuuL UL~~L;'fI~

":;U~'fIfJL~~~L ~~n (Iron pigment) 1U~1J1i'1J1~1~1L"uojffi1 ~~

"1nLL1J~\iiL1fJ Ln~LtluL ~~nojffi1 ~~ vi1L ~Ln~n11LU;fJU~'1J'fI~
.J'.":f ."1 ~ :' . I '* 1 '" .J' ~

LU'fI~ULuU~U1(;11fiuUL~fi'fl~ ~ U'fIn,,1nun1:;1J'Jun111n~

11n.;(uvi1~~3-J1J1ru L-DU n11vi1~'J13-J~:;'fI1~ n11(;1nLL~~
..

~fi'fl~11n.;(u ~1'f1n11LtI~Vl1~L ;;1~~fi'fl~11n.;(uvi1~L ~fJ~Yi'fl
..

ii~~iU'1J'fI~LiI'fI.;(u (shelves of dentine) ~fi~L ~;'fI vi1L ~n11

ri1~~~~~nU1n1J1L'JrufJ'fI~ 1 Yi1~.;(U ~1'f11J1L'Jru~1Uiu'1J'fI~

1 Yi1~.;(U 1~~3-J~ 1'J3-JiI~n111~fJ1L U~'JU~fi'fl~11n.;(ULLfi:;IiI'J.;(u

~~~'JU3-J1n":;~L~U (silver) LtlU~'Juu1:;n'fl1J ~1'f1n11L~
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~')ucil')..;ru ~~Li:Jun111':1'fJ~nul~1 ~~11~'fJn;LL 'II11n=n~lu(;11~

"IJ'fJU?!l1U;;1~"IJ'fJ~1~r;)'fJr;)r1~'fJ~11n..;rULU1:;"'11~n11~'fJn;1. .
u'fJn~1nd~11tJ~1Un11L~LLr1~L =ntJ~ llir;)1'fJn 1'Df1:fJ~ ltJ't UL ~1~..;rU

7 1U ri'fJUn11~'fJn;..;rULL~:;ri'fJU~~:;U1CU:;r1f~~r;).;]1tJL ~'fJOJ .
-n')tJL~Lnr;)~J11~r1,)1~Li:JU~1~ Lrt'fJ~~1nn11~:;~1tJ~r1'fJ..;rU

L~tJ1;;'fJ~nU~J11~r1,)1~Li:Jun1r;)~1nn11~~1tJlliLr;)1L~ULU'fJf

'fJ'fJnl'Df1u1L,)CUr1'fJ..;rU 18,19

Howel12O i~Ln(;1~U11..;rU~~'fJn;..;rULL-li,)U1:;~1CU1'fJtJ

~:; 50 ~:;Lnr;)n11Lu~tJu;..;rUJ11tJ",ii'~~1n~'fJn..;ru;luLL-li')

(Color regression) ",rt~tJ 1~11~:;~'fJn;..;ru?!I')tJL'DLi;itJ~LU'fJf-

U'fJL1'111 "'1'fJlliLr;)1L~ULu'fJf'fJ'fJnl'Df1n(;11~ &J~'II11~r1f1Unm~t11,)1

d~"'~1tJU~titJ~L~tJ');;'fJ~ l?!1LLri ~1L "'(;1"IJ'fJ~n11LU~tJU; L-nU.
.1: d .1 -':f d ,,~ """ '"

L U'fJ L tJ'fJu1:;~1'111"V'4U '111(;11 tJ LL~,) LL~:;&J~ (;1&J~~1n LL Ur1'111L 1tJ'fJ"1~~

&J~?!I1un11~'fJn;..;rU~1n;1u ~~LL')r;)-li'fJ~~..;rul?!1fu",ii'~~1n

~'fJn;..;rULL-li') L-DU n11f')=n~(;11~"IJ'fJU&J1U"IJ'fJU"IJ'fJ~1~r;)U1CU:;. OJ
..;ru n11Lnr;)n11~r;);J11tJU'fJn (External discoloration) ~1nn11
'I" .1: .-r~d°'l"~ ..
L 'DtJ1 LL1~~1nn11Ur;)Lr1tJ,)LL~:;u~~tJ'II1'1111 L "'Lnr;)n11~n 'fJ1~

vi1L ~Lnr;)..;ruLu~tJu;l~ "'~~1nn11L ~~;1U"IJ'fJ~r1,)1~~1~11t1

'I .., ~.':f . Id "'.':f
L Un11'D~&J1U"IJ'fJ~Lr1~'fJU"V'4U 1:;tJ:;L,)~1"IJ'fJ~n11Lu~tJU~"V'4U

~~~U11n11~'fJn;..;rUL u..;ru~Lnr;)n11Lu~tJu;~11~u1uL ~&J~

~1L1~~1nn11..;ru~~n11LU~tJU;~1U1ULL-li') 17, 19,20

n11~~11CU1 L~'fJ n cju ')tJ L i:J U~~~1 f'i'ru 'fJ U1~~1 n c;]'fJ.fj (;111
OJ w

r1,)1~~1L1~L Un11~'fJn;..;rU 2 ~~LL1n~r1,)1~~11CU1~'fJr1,)1~

r11r;)"'1~"IJ'fJ~cjU')tJ r1,)1vi1r1,)1~L;;1L~nucju')tJt1~&J~~1nn11
OJ OJ

fnM1 u'fJn~1nd..;ru~~:;vi1n11~'fJn;~U ti'1~1'fJtJ&J"'1'fJLi:JU.
L1r1mYlurflr1,)11?!1fun11fnM1L ~"'1tJri'fJU LLc;]ti'1..;rU~~1'fJtJ&J.
"lJU1r;)L",ru"'1'fJ1~r;)U1CU:;L~~~"lJU1r;)nt)'1~~1nm~r1,)1vi1n11w . OJ
..1 "'.':f 'I ",.1: ~ 'I" d.1 -':f ~
"V'4'fJn~"V'4U L Un1CUUr1,)1L~'fJn L 'Dn11U1CU:;'II1unr1~~"V'4U'II1~"'~r;)OJ .
L-nU r11'fJU..;rU ~:;i;i~~r;) ..;rU~~1'fJtJ11,)"'1'fJ1~r;)U1CU:;L~~~. . OJ
~J11~1~i;i r1,)1vi1n11iJr;)r1,)1~1n11ri'fJU~:;vi1n11~'fJn;..;ru

L ~'fJ1':1'fJ~nUn11f')=n~"IJ'fJ~.J1tJ1~'fJn;..;rU'fJ'fJnu'fJncil')..;ru8

n"5'U'5t"u.::.wu~; nti' A &'eJ\1 '5' n.wu'l:G1,.. n,'5'eJ G1
u .

~ ...1
'WUL'W'eJA~'3Ja~"'\1'3J

~n1'l~n~13.J1n3.J1fJil~L~U11 n1'l1~Li;)'f)fJl3Jl~-rl'JfJ

L~13.J~'J13.JLL;j~LL'l~ 1 ~LLn,.:j'uY;"in~~~'f)~'11n,.:j'u21-23 n1'l1-nLi;)'f)fJ

~~~rjlJlC1U'l~~~r1L ~'f)L Yi3.Jn1'ltj~~~1 ~n1JLLnU l~fJ~'JuLLnu~~,
Vl~LL VlUL d'f),.:j'u1 u~'JurJI'J,.:j'uY;~ruL;fJlu u'f)n~1ndLi;)'f)fJii~" w

~fin11~1~11un11vJIf}n~-ilu~11tJ~1ufJ'JtJnu~~1tJ~fi3

Spasser4 LLu~,j1m11.n1enL~tJ3.JLUlf}fUlf}L1Vl (Sodium perborate)

If}U1~L~tJ'J1~1 UL "r'i1~-ilU Howell5 LL u~,j1n111.jfn1r;)nr;)L dlf}-ilu

" '1 d ~I d' -~ '1" r ..1 G_~ .." ". I
r;)1UI. UL "r'ilf}Lur;)~~If}r;)L UIf}~UI. ~U1tJ1~If}n~~ULLVl1nen3.JL1!1I.u

., "Gd' d' ~ G 0 '1 " " ,
1.r;)r;)1!U UIf}n.,1 nu tJ~3.J n11LL U~U1n111. en fl'J13.J11f}ULLn~11

~., ~ ~ .~ d ~ ". I ~ ~ .,; d' 1 67 GIf}If}nen I.r;)en I. UI. "r'i1~~Uen~.,~ I. ~u1~~Vlfill1"r'iL "r'i3.J1!U " 3.J11tJ~1U

n11vJIf}n~-ilufJ'JtJllJLr;)1L"uLuIf}flf}If}nlenr;)11f}tJ~~ 3 5 Lr;)tJ1.jf

~fim1n r;)fJ'JtJn1r;)1'J3.J nun111.jf fl'J13.JTIf}U vi1 n11vJIf} n ~-il U vT~

111 tJ1 ULL~~111 tJUIf} n iJ'J-ilu L1tJnt)1~fiL Vllf}fl3.J fl1 fi11~ tin

(Thermocatalytic) (;113.J fJ'JtJn111.jf~'Ju~~3.J1!If)~ L enL~tJ3.J LUIf}f-

UIf}L1Vl LL~~llJLr;)1L"uLuIf}flf}If}nlen~ ~11f}iJ'Jvi1~~~1tJ~u1~1 U

L"r'i1~-iluLL~~tlr;)1t)LUUL'J~1 3-7 ;;U L1tJn'JIf}~nn~u~-n

(Walking bleach) 1,2,8 n~ln1um1vJIf}n~-iluLnr;)"1nL3.JL~f1~1!If}~

llJ L r;) 1 L .,UL U If}flf} If} n 1 en ~ LL(;1 n iJ'J L U U If} If} n=il L .,ULL ~ ~ If} U3.J ~ t1J ~1~. "
L "r'ilf}1r;)11f}n=il~ (Peridroxil) ~~~~111"r'i~13JL~t1tJ11f}u1~3.J1n

If}'*~~t1J~1~L ~~1d~~~vi11 ~1~fl;;(;1'1~~L3.JL~f1~1!U1r;)1 ~c'U

~ .:- 0 ~ 910LL(;1n (;1'J3.J1!U1 r;)L~n~~.,un1~Vl~C1nn1.,r;)If}If}n~3.Jr;) ,

"
1 uti fl. PI. 1979 Harrington LL~~ Natkin 11 11tJ~1Un11

"r'iU n11~ ~ ~1 tJ1! If}~11 n -il U U1 L'J t"Ufl If} -il U ~ i 3.J oji U fi nu n11vJ If} n

~-ilUll1 tJ 1 uiJ'J-il U m -nLlJ Lr;)1L .,ULU If}flf} If} n 1 en ~1'J3.J nu fl'J13.JTIf}U

n~ In n11Ln r;) n11~~~1 tJ11 n-ilu ii~ 13J ~13.J11C1Ulf}n lfJ LL 'Ii UIf}U

,..".,f , d" ~ ..1"'" d'.~
LL~3.J~enLL.,~'J11f}1.,LntJ'J1!If}~nU~11~If}n~en3.J ~1U ~~If}r;) L Ulf}~U"
~'JU11n 12-16 Lr;)tJ L'U"r'i1~U1L'Jt"U11f}tJ~If} Lfl~If}u-ilunuLfl~If}U

11n-ilulu~L~If}mvl'u~~~If}u1fJ~If}L ~If}UtJ'JL ~If}3.J~If}vi11 ~Ln r;)" ".
n11tfJ n L ~ U1! If}~ L te) U U r;)mvl' U~ LL ~ ~ L n r;) n11(;11 tJ1! If}~ Lfl~ If} U11 n -il U

Luu~~1 ~Lnr;)n11~~~1tJ1!If}~11nU1L'Jt"Ufllf}-ilu Rotstien 17

LL u~,j1n111.jf1en L~ tJ3.J LU If}fUIf} L1Vl~~3.Jnu.J1niu Lr;)tJ L ~3.J

~1U'JUflf~1!If}~n11vJ If} n ~-il u.,~1 ~~~ L ~ tJu L v11 nun111.jf

L enL~tJ3.J Lulf}f~1VlnullJLr;)1L"uLUIf}1'l en~ L ~If}Luun11L~tJ~n111.jf

llJLr;)1L.,uLu If} flf} If} n 1 en ~~~vi11 ~~ n11~~~1tJ1!If}~11 n-il ulfJ

uIf}n"1ndii~"r'iut)1n111.jffl1Vl1L~~ (Catalase) ~lti~"1nvi1n11

vJIf} n~111 tJ1 UiJ'J-ilUL ~ If}n1'ir;) llJLr;)1L.,uL uIf}flf}If}nlen ~~~~~

""1~.":f d'd.~~"'1".I~~"
L ~~If} I. UI. "r'i1~~ULL~~11f}UL UIf}LtJIf}u1VlU(;1.,~ I. ~u1~~Vlfill1"r'ir;)

nt)1n11~1~ fJ'JtJ.J1 Lr;)tJ fl1Vl1 L~~.,~ lu~ ~~ LU~tJU llJLr;)1L.,u-

Lu'fJflf}If}nlenr;)L ~LUU.J1LL~~If}If}n=ilL"u ~~~~1f1Cl.Jtf)nU1~n11

~rt~1 un11ulf}~nul3.J1 ~~11vJIf}n~-iluL;;1~L d'fJL~If}mvl'urfi ~If}"

n11vi1m1'fJr;)fl~If}~11n-ilu~~ 1'J3.JvT~n111.jf;;~r;)u r;)~UL ~Ulf}. .
U1L'J t"Ufl If}-il U L ~ 'fJ LL tJn;;~ (;j 'f.J r;) fl~If}~11 n-il U ~'JU11 n'fJIf}n.,1 n
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, d. ..r 1.1 4.":r '.":r
en'JUL ~UU'JU'l LL 1~1J ~ LrlU'J u 1J1'l~CJ'J1'ln~ULL~::~~ LL 1~~~~~U

"

;"JU r;i~,fULL u'J~~1 UU~~UU~~L ~'a~'ln'l1fnM'l rI~'a~1'lnYfu.
~ ~ .":r" ~ .. J

LL~::n'l11J1ru::~~~~'l n TnM'l rI ~ 'a~1'l n ~ U LL ~'J rI'J1'a U 1n ML U 'a" ..":r d.. it " d d J .":r d
~UVlL ~~'a'aU ~~'lnVl~~ L u'a~~'lnrl'J'l~~U'l'iJ'a~L U'a~UVl" .
L ~~'a 'atJ~::-ri'Ju1':';Ln ~ rI'J'l~ LL .1j~LL 1~LL~::rI'J'l~ ;"lUVl'lUCJ1'a n'l1"

LLlJ1n~n'iJ'a~Yfu~fnM'lrl~'a~1'lnYfu21,24,25 Sorensen LL~::

Mito26 n~'l'Jt1~n'l11 ~fin'lnLm 'iJU'lJ~'l rI'J'l~~'JU~'l~ 1 uYfu ~
~1'lnc;i'lL~u1~fin1'aLtJ~LtJULYi1~ (tunnel approach) ~~L~~

~'ln'iJ'a1J'iJ'a~L Yi1~YfU ~~1UU1::~'lru 1 31~~L~1J111 ULL U'JLLnU

.":r J.":r d. '14 '.1 .":r "'1"
~ULL~::L'a'lL U'a~UVl~'l'a'an ~ UVl~Vl'l~~u~'lU1'ln~U LL~'J ~ en"
n~'l~1'a L'a 1 uL~'af~~LtJU;;~~~1JLL~~~'iJ'l'J1~LL VlU~L ~'a 1':';Yfu.
~~~~'l~;1u LLCJ1~fiii~::vi'l1':';YfutEJ'aULL'a L ~'a~~'ln~n'l1ri'l'ol~

L ii'aYfUL~~1 U1J1L'Jrum ':';rI'J'l~~'lUVl'lUCJ1'aLL1~'a'an23

~,)13,Jfiq,)fJ~13,J ~')U;;fiq~vi1LLnu~LiJu~'1J3,J1 j"j~lJ131;;'1J~n~1.
'1J'JJ~n3,Jl Uv11ULL eii~lJi',)L1,)LL~~~fiq,)fJL ~~'1JU.;rUfj'J'J3,J'D1;j LLl?iri

31;;'1J L~fJ"1nn1'J31n1'J~~ lJi',)L~'1JLn~uDmfJ11 Un1'JLLtJj~lJi")

LL{j~1,,~1-D'fiq1'JU'1Ju;j~ (bonding agent) LL~')rilJ113,J riif~Ln~-rl'1J~

~1~"1nn1'J~~lJi',)'J~~~1~L d'1J.;rULL~~;;fiq~vi1LLnuLuu~~1.:i.
Ln~n'1'J*'):n3,Jlt;i'~'J'au.;ru29.3o "1nn1'Jf.in~1/'1J~ Honnati LL~~

Denehy31 31n1'JLmfJUL \iifJULLnU~vi1"1n~'1J3,J1 j"j~lJ1LL~~'1J'JJ~n3,J

j"jU~1 ~'J'au.;rum-D'~'1J3,J1 j"j~lJ1vi1LLnu,,~31n1'J*,)~1/'1JU1/'1J~

~'J'1Ju.;rU3,J1nn~1 L ~'1J~"1n~'1J3,J1 j"j~lJ131f'i113,J~ii:fiqtj~~f.1U~1" .
L~'1J31LL'J~~~.j11 nu'af.11~I?i'aL ~'1J~"1nn1'Ju~L~fJ,)LUUL,)~1

1 .. r...1 '1 '" ..
U1ULLnU~'1J3,J j"jfiqlJ1,,~U~LUfJ,) L1JUfiq1L~lJ1 L ~Ln~n1'JLLlJ1nLL~~.
~~~1fJ1/'1J~en L3,JurflLn ~n1'J*,)~1/'aULL~~.;rU~ lJ113,J3,J11v1 'J,)3,JvT~.
n1'Jl-D'~'1J3,J1j"j~lJ1~31~,)13,J~u1'J'1JUL~'1JfJ3,J1n ,,~vi11.:i~')"13,J

LLeii~LL'J~1~L ~fJ~j"j'1J~,,~t;i'1uLL'J~"1nm'Jl-D'~1u LL~~Ln~m'J

LLlJ1n1t;i'L~'1J31~,)13,J~1 u'1Jn,,1n,1Pl'1J3,J1 j"j~lJ1if~31~;jLfiqtifJ'J~1

v1~"~L~u1v1"1nn1'Jf.in~1/'1J~ Oliva LL~~ Lowe32 1v1vi1n1'J
~ ~ ~ ,
')~n1'J1/fJ1fJlJ1,)L~IJJU1 (hygroscopic expansion) j"jU')1 LLnu

'1J'JJ~n3,J31~;jLfiqtifJ'J3,J1nn~1LLnUPl'1J3,J 1 j"j~lJ1

L~'1J~"1'Jru1;;fiq~~1-D'vi1L~'1J fJ n1'Jl-D';;fiq~u'Jru~.;ru~. . "
L~'1JfJl?i'1Jn1'JLn~uDmfJ11 un1'Jvi1L~'1JfJLL~~LLnu Luun1'JiJ'f)~nU

.. .Id 9'1 .~ d ~ "' d
n1'JLn ~n1'JL1J~fJUfiq L U'J~fJ~fJ1,)1/'1J~~UVl'Jn~'J1nLL~')')fj~U~

Arvidson LL~~ Wroblewski33 j"ju~131n1'JLPl~'1JU~1/'1J~tiJ'1J'1JU

1~~~"1n L~'1J fJ 1~~~cJ1U~~'a ~ L d'a.;ru'1J'an~ L~U tj~mvTurfI"
.,f d .. 34.1 ..

LL~~LU'f)LfJ'aL~~'an Engelman LL~~~ru~ 1J'J~L3,JU~~1/'f)~

UDmfJ11/'1J~L~'1JfJ1~~~LL~~enL3,JurflI?i1~ 1 "1nn1'Jl-D'n~'a~
~ a ,

'~VI~U'aL~nlJ1'J'1JUfiq'a~n'J1~ (Scanning Electron Microscope,

SEM) LL~~n~'a~fiqLUn1lJ1'Jfiq1Pltl (Energy dispersive spectros-

copy, EDS) j"ju~11~31n1'J~ni'1Ju1/'1J~;;fiq~VI'a~LL~~1~~~~fiq3,J. .
oji~~1L~fJ3,JnUenL3,JurflI?i1~ 1 LLI?i,,~j"jum'J~ni'auL~'1Jl-D'L~'1JfJ.
1/'1J~ 1~~~~fiq3,JUnLn~LL~~L~U LL~~L~'afJ1/'1J~ 1~~~~fiq3,JUnLn~

LL~~ 1~'JL31fJ3,JnUVlnenL3,JurfI ~')un1'Jl-D'L~'1JfJL ~~nn~111fiqU3,J.
nun~1fiq1'1J 1'a 1 uL3,J'afenL3,Jurfl,,~l.:i~~u~~U~'1JfJL ~~nLL~~

1Pl'JL31fJ3,JtiJ'a'au1~fJ~')ul~ru~Luu~~~~lJ1"1nn1'J~ni'1Ju,,~
~ .

LUUt;i'UL ~lJ11/'1J~m'JLn~n1'JLU~fJUm UL d'a.;ru L~'1J~"1'Jru1.
Plrufiq3,JU ~n1'Jt;i'1 UVl1un1'JLn ~n1'J~nni'f)u n'JruL~'a fJt/t1 L 1,,'JU. "
j"ju~11~~~~fiq3,J1 VlVI1L ilfJ3,J31Pl,)13,Jt;i'1uVl1un1'J~nni'1Jufiq~fiq~" .
lu1/ru~~L~'afJL~~nn~111fiqu3,JLn~n1'J~nni'1Ju1v13,J1n~~~

n'JruL~'1JfJm-ii1.~~~L~~fJ~j"jU~11~~~1~31lJ1'J~n~,,~~nni'1Ju"

n"'a1.J'a~tGllJn"'a"Lii L~i) IJ LLa::f1'ai)1.JcW~ta:~:u

n1 'tU'tru~-wu ~fnM1 r1~ 'EJ~'t1 n LL ~ 'J?fJ 'J U L~ 'EJ U 1~~~i'J3.J"

rlUr1't'EJU-WU 1~~~ L 8J!'t1~n 1?fJfun1'tU'EJ3.Jfurlu vT'J 11J L L1'EJ~~1n

,Tu~'EJUn1'tCJ~~ 1aJl:J~u1n LL~~1J't~n1't~1Iii'ru ~'EJ~ r1'J13.J r1~'VlU. w

LLt;lUC"IJ~1~~U~'EJUC"IJ~1r1'J13.J~'JU~13.J L oiIu \'iULL~~ ;;q1aJ~'JU

L ~U'iJ'EJU1~~~:r;~ 1~UL'U~1~LUr1U1,]~fJ3.JLL~'JL ~UL ~~'EJn n1't~.. 0'1"" d "
'Vl L~~~'VlULL~~ 'Vl1 L ~n1't~~CJ1ULL~~n't~~1U'iJ'EJ~LL~~'Vl~~'Vl'EJU

'EJ'EJn3.J1t;l1~11J~1n-WUfi't't3.J'D1~ u'EJn~1ndii~~uUC"IJ~1L~~'EJn

~;;qr1J1~1n;;q'iJ'EJ~'iJ'EJU1~~~L'EJ~ LL~~uru~1n1'tCJni'EJu'iJ'EJ~1~~~
w .

vi1L~L~~'EJnL1J~UumfJ27 PiSSiS28 n~1'J11 n1'tU'tru~-WU~U1~
"

fnM1 r1~ 'EJ~'t1 n-WULL~'J?fJ 'JU L~ 'EJ U LL ~~ LL n U 1 ~~~'EJ1~ t1 n.,.1 rl ~"
.. ., ,.. , ,
L't'EJ~r1'J13.J~'JU~13.J L ~'t1~ L3.J3.Jn1't~'EJ~CJ1U'iJ'EJ~LL~~LL~~'EJ1~

" .. '1 '1 ". I ", .. 1 ~I ..
~~'Vl'EJU~'iJ'EJ~ L~~~ L ~u't1n!)'EJ'EJn3.J1LL3.J'J1L~'EJU ~~~~~'Jnu~~

" .. 1: .." 0 ..
~'JUr1'J13.J'VlULL~~'iJ'EJ~8J!L3.JU~ 'EJn'Vl~n'trut11'Vl1L~'EJULL~~LLnu

?fJ'Ju1~~~1aJ~ri1 'EJ1~Ln~CJ~~CJ~~1nn1't~nni'EJu vi1L ~Ln~

. Id.. .~ .. ~ "". or
n1'tLu~UU~'iJ'EJ~'t1n~ULL~~L ~~'EJnu'tL'Jru't'EJU 1 L~ ~1nuC"IJ~1

d ~ J .. . ~.. .":f ~ .":f '1
'Vl Ln ~'iJUL3.J 'EJ Lu'tUU L 'VlUU r1't'EJU~UL 'n't13.Jn LL~~r1't'EJU~U L~~~

L 'nr1~n ~~~U11 r1't'EJU-WUL 'n't1~n~,]'EJ 1?fJ Lmuu L U?fJ1Ur1'J13.J

~'JU~13.J r1'J13.JL']1rlu1?fJ'Vl1~;'J!l1~ 'VlUt;l'EJn1't~nni'EJu LL~~

~ ~ n1'tLn1 ~ ~ ~'iJ'EJ~~~U 'Vl1U ~~oiI'J U LLril 'iJUru~1~ Ln ~~1n. w

r1't'EJU-WU 1~~~L8J!'t1~n1?fJ27

L~'EJ~~1'tru1:r~~m ifvi1 LLnu-wu 'EJ3T~rl3.J LtlU:r~~~u U3.J. .
Lif3.J1U1U LLt;l~']'EJL;;qu~1nn1't~nni'EJu vi1L ~Ln~n1'tL1J~uu;;q

.":f ~ ~ 1: d '1 ".":f d"
'iJ'EJ~~ULL~~'iJ'EJUL ~~'f)n ~~UUr1'J'tL~U~ L un'tru~U'Vl~'EJ~n1't
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Yi~~ru~1.+1 VIoJoJ1;Jlf1]fi ££fi:: u~1~;Jn 'd1fi;J

1,~i)iJ 1,1,~::l,l,n'U.~'U.I,"ll~'1ijn (All-ceramic Post and

Core)

Sorensen LL~~ Mito26 n~'l'J~'lL~If)tJLL~~LLnuYlu~'J1LiJu

rj'~ ~'D11~ L~ tJ'Jn ULL~ ~~'J1~1~ ~ii~ tj ~~UU ~~1'J~ vT~ LiJ Urj'~ ~. ". " .
L~If)tJl;\If)n'l1Ln~u~mtJ'l L~If)L~tJ~n'l1Ln~~~~~j;1m1;nnilf)u

~ Ln~~'lnU~mtJ'l'iJIf)~=nL~U~ n1Jrj'~ [;Jvi'lL~If)tJ LL~~rj'~[;Jvi'lLLnU

Kwiatkowski LL~~ Geller4O L~L~UIf)n'l11-D'L~If)tJLL~~LLnuYlu

n~'l~L'D1'l~n (glass ceramic post and core) i'J~n1J~11f)1JYlu
~ d.. "~.,,,.. '1"

Len1'l~n en~~~'J'l~L'iJ'lnU ~~Vl'l~en'Jl1'l~ LL~~ ~ ~~'J'l~~'JtJ~'l~

1~tJ~~'J'l~1ui~1~vT~1 U~'JU'iJIf)~r;J'JYlULL~~L ~':11f)n1J1L'Jru11f)1J 1
., , . ,.J . "'.~ ~ ~ 41

LL~~ ~~Lu~tJULLu~~~~Ufi11~en'lj;1L~~ Koutayas LL~~ Kern

L~1'J1J1'J~U'l L~uIf)'ljfin'l1~1'l~ L~ If) tJ LL~~LLnu Ylu~'l n L en1'l~n

'ljfiLL1nPilf)'ljfi~~ULL~~~~ (Slip-casting technique) 1~tJn,11-D'

tf:JU=nLL1~ (In-Ceram) ;fU1ULiJUL~If)tJIf)~~U'l1 U~~If)~1'lnYlu" "
.J.. " , ~ ~ d ... J.~
Vl~~'J'l~n'J'l~~'lnn'J'l 1. 9 ~~~L~j;11 en~~~L ~~If)L UIf)~U~'ln

~If)~~~1 ~~'J'l~LL;j~LL1~ 'ljfi~~If)~ Pilf)'ljfirilf)utJ~~~~ (Copy-

milling technique) ~11f) 'ljfi=nL~U (Celay) vi'l1~tJ1-D'1J~If)~-
~.. ~J""""' 1 ...d ...~~

If) U en LL 1~ If) ~ ~ U'l'iJ U 1u L u UL~ If) tJ ~ tJ n'l1n ~~en~~~~ n'l ~~ ~ ~'iJ'J'l~" "
, ~.. ~...J... ~.." ...

~'lnn'J'l'JfiLL1n 1 0% 'JfiVl~'l~~If) 'Jfi~1'l~L~If)tJLL~~LLnU

~U~~~'JU (Two-piece technique) vi'l1~tJn'l1u'lL~If)tJ~'lL1~~U
~ ~.. d..d ",.. 1 ..

enU~Lenlf)1~~L utJen~~enlf)n'l1~'l'J'l en1'l ~~j;1 (ER-Cera post,

Brasseler) i'J~n1JLLnuYlu~;fu1Ul1'ltJ~ii~~'JtJIf)~~U'l ~~If)'l~" "

1~fi~~ULL~~~~~11f)rilf)UU~~~~ 'ljfi~;Pilf)'ljfi~VlL ~1~ (Heat-

press technique) ~~LiJU'iJIf)~1~1J1JLIf)~LIf)~Lt1J~L~1~ (IPS

Empress system, Ivoclar) 1~tJn'l11-D'L~If)tJ~'lL1~~uen11~Lenlf)f-
1 .. .J..d ", 11 " J

~L utJVl~'DIf)n'l1~'l'J'l ~If)~ ~ ~~j;1 (CosmoPost, Ivoclar) 'iJU

1U~11f)~n1J~'JuLLnu~LiJu~VlL ~1~n~'l~Len1'l~n ~11f) Lt1J~-"

L~1~~If)~1~ (Enipress Cosmo, Ivoclar) L~If)tJLenlf)fl~LutJ

on 11~ ~ If)~ 1~ 1 ~~ ~ L iJ UL~ If) tJ L en1'l~ n~~ 1ui'l~Vl1~ n1~1JIf) n"

U~'ltJ~If)1J ~L~U~'lP1Uun~'l~'iJU'l~ 1.4 LL~~ 1.7 ~~~L~j;11" .

U1~nlf)1J~'JtJ ~~nLenlf)fl~L UtJ~L~If)If)nLen~ (Si02-ZrO2-Li2O-

P 2°5) ~~ii~~'lULLj;1n';';;nLL~~ri'lii~r;i~'iJ'J'l~ (Fracture tough-

ness and Flexural strength) ~'lnn~'lLen1'l~n'D11~If)~~U'l ~'JU
.,f . 1 ,.,fJ, ... ~.." ~ ..

LLnU U Vl'l ~tJLLj;1~'iJ~~j;11f)~'lnL~~tJL en If) 1 ~~L U tJ LL~'J~~If)UL 'J~L~UVl

L~'lL~1ftJ~ ~~~~ nlf)UL en1'l~nriJ ~L 1J'lLU1 ULU'l L .J!UL~tJ'Jn1Jn'l1

J.I ~ 1 ., ...
'iJU1uLen1'l~n U1~1J1J~If)~LIf)~L~~L~1~ ~'lnn'l1P1n~'l'iJ~~"
Schweiger LL~~~ru~ 42 LL~~~t1~n'l1~~'J'l~LL;j~LL1~vrUfi~~~~

1J"n'J~1A')"--1L~t;1fIL""t;1;t~L i1fILL~~~VlL ~1~n~'l~Len1'l~n ~~~

1~~1f.Jn~11~'vI::~~'t::n~..

~n1't~n~'vI~1f.Jin~LL~::U1~1 1Oi113,J~i",fj~'vIu~ 'vI1'f).. .
~'JI3,JLLejj~~1~ (stiffness) 'IJ'f)~L~'f)f.J~'J't1nt]iL~f.J~nu't1n,.:r~L~'f)

~~LL't~Lr1~IJ1'f),.:r~35.36 L~'f)f.J~1fu'f)~1 ~Lu'f)f (Carbon fiber

post) ~~~'f)n1'tr11~1;n1 Yi",rft (C-Post system, Bisco Dental
.. ~.r 1 .1 .. 0«.1.$

Product) ~~t1nC.J~~'IJ~3,J1 \.i'tuLLUU'IJ'f)~L~'f)f.J"'1L't~'tu "Jj~.. .. ..

u't::n'f)U~'Jf.J:f:IYi'f)nen L't=n~LL3,J ~1ni LL~::Lt(i~ 1 f.J L"'13,J ~'J13,J LL ejj~ LL't~

~1fu'f)u1 ~LL ~'JLLn~ L~'f)f.J~1fu'f)ul ~Lu'f)f~~ru"'3,JU~~'J13,J.
L']1nul~'fl1~en'Jf11Yi ~~'J13,J~1U'fl1Un1't~nni'f)u LL~::~1Oi1
1 ~.. '. 1 ~ .1 .$ ~ ".. ~ .r.':f

3,J~~"'f.J~'vIf.JUu't::3,J1ru 21 ~n::u1"'~1~ "Jj~Ln~L~f.J~nULU'fJnU.. .
~'Ju't1n,.:ru~~~1Oi113,J~i",fj~'vIUUU't::3,J1ru 18 ~n::u1"'~1~37.. .

1 u'lJru::~13,J~i",fj~'vIuu'IJ'fJ~1~'vI::L 'vI~f.J~~1Oi1"'~n~135 vi11 ~... ..
L~'fJf.J~1fu'fJul~Lu'fJf~~'J13,J~1u'fl1ulJ1'f)n1'tu~~'f)1~~ ~~oII'Jf.J

~~trJ~'t1L;f.J~n1'tLn ~'t1n,.:ruLL~n ~'Jf.J38 'fJu1~1'tn~13,J~1n
-- .. .. d,...,r 26 .. «

~ru"'3,JU~'IJ'f)~L~'fJf.J~1'tU'fJU'fln~1'Jt1~U Sorensen 3,J~'J13,JL'vIU.
6!i~LLtJ~U1~~'JU 1~f.J1 ~L 'vI~C.J~~1 'i"'~U'tru::,.:rU~'JU~L 'vI~'fJ. ...
fii'f)onL3,JurftLL~::~'i'f)U,.:ru~::~1Oi113,J~i",fj~'vIuU"'~n~13,J1n L~'fJ.. . ..
.. .,r .. ~ .. .. d.. .. 0
3,J LL't~U~ L~f.J'J~::3,Jn1'tU~~'f)'IJ'f)~L~'fJf.J~1'tU'fJU'fl3,J ~'J13,Jf.J~'vIf.JU.

o 1"~ ~.,r d ~
'fl1 'vILn~n1'tLL~n'IJ'fJ~"JjL3,JU~LL~::n1'tU~LUf.J'J'fl'IJ'fJU'IJ'fJ~'J"'~ .
U'tru::'t'J3,JvT~ Ln ~ n1'tLL~n'IJ'fJ~LLnU LL~::vi1~1f.J~'JU U'tru::,.:rU
.. ..

vT~'vI3,J~ LL~~1L~'f)f.J~1fU'fJu~::13J~C.J~~1nn1't~nni'f)u LLIJ1

ury'vl1~'J13,J""Jf.J~13,J'fJU1~'vIti~~~'J't~~1'tru1fii'fJn1't~L~'f)f.J~
.. 0 .$ ,,~ '1" o".':f.. ~
"'~1 "Jj~'fJ1~"'::'fl'fJU~'fJ'fJn3,J1 L~ LL~t11nU3,J~'J13,J'vIU1'IJ'fJ~C.JU~

.':f ' "d ~ ~ ~ 0 .':f
't1nnU'f)f.J1~U'fJf.J'fl"'~ 2 3,J~~L3,J~'tLU""JU'IJ'fJ~'t1nnULL~::.
U1L'Jru~'f),.:rU :a'IJ'f)~L~'f)f.Jn'fJ1~13,J"toll~~i.1ro1'ry26 1J1'fJ3,J1~~~n1't

UfUU't~:a'IJ'fJ~L~'f)f.J 1~f.Jn1't~3,J LLnu~1fu'f)ul ~LU'fJf~'Jf.JLt(iU 1f.J. .
:a'IJ1'JL 'vI~'f)U,.:rUL ~'fJoII'Jf.J1 ~~'J13,J"'~1~ (value) 'IJ'f)~,.:ru~;fu

LL~::1-ii'~'f)n1'tr11~1 L'fJ"'L'fl~1Yi",rft (Aestheti-Post, Bisco

Dental Product)

Hornbrook LL~:: Hasting39 U1L"'U'fJn1't1-ii'Lt(iu1f.JL"'13,J

~'J13,JLLejj~LL't~ (bondable reinforcement fiber, Ribbond) LiJU

'i",~vi1L~'fJf.J i'J3,JnUn1't1-ii'~'f)3,J1 Yi~~vi1LLnu~~~::1 ~~'J13,J.
fj~'vIUU1nt]iL~f.J~nu,.:ru L,j'fJ~~1n~'J13,Jfj~'vIUU'IJ'f)~~'fJ3,J1Yi~~. .
LL~::n1't't'J3,JnuLiJu 'vIu'Jf.J L~ f.J'J'IJ'f)~L~'fJf.J~~ n1'tfj ~ ~ ~ 1J1'fJ L if'f)

,.:rUf11f.J1 u1~f.J't'f)U 'fJ1~oII'Jf.J1 ~,.:rU~~'J13,J~1U'fl1Un1'tLL~nii;n

L ~3,J;fu LLlJ1n1't1-ii'~'f)3,J 1 Yi~~~~"'1'ttrJ~LL 'fl'tn~1LiJu'i",~vi1L~'f)f.J.
LL~:: LLnu,.:r U~::vi11 m~ L~'fJ f.J LL~::LLnu,.:r U ~~ ~'J13,J LL ejj~ ~1n~1

L~~Uf11fu~~LL~::vi11 ~Ln~uru'vl1 r;i'~n~1'J']1~ ~u l~L oIIunu
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,]1E)1~LU1uun~1n111-D'i')~nULLnUrJlE)~1 Yi~1fI ~~"::Ln~-rlIE)~

~1~"1 nn11~ ~ f'l,)1::~~1~ f'l,)WULL~::LLn U v111 ~Ln ~n11f')

U1L')tU1IIE)U 1~ 1')~vT~rJlE)~ 1 Yi~IfIL1~U~~~L~lE)u31rJ,)1~ LL ;j~LL1~,

1.1JL~U~YilE)l;]lE)n11fuLL1~ LL~::1E)1"Ln~n11U~~1E) ~11E)n11LLlfln

';;;n 1~"1 n~~1I1E)~rJ,)1~~126 ~1~fu,TuIflIE)Un11fj ~ L~IE)U LL~::LLnu

Lon11~n LL u::\l11 ~v11n11~uVl11u~~ufJ')riIE)ULL~')~~1-D'L1~U

.. ..,.. , onL~UIfI Lonu Yi1U1L')U 21 (Panavia 21, Kuraray) on,)UU~IfI~

nu11nwu25

,]lE)tii1l1E)~L~lE)uonU~LonlE)1LrJLilu ~IE) 31~rJ~1uLdlE)wU

~1~11C1LLI;]~~1I1E)~LLnu1 ~L ~~lE)u,.,q,)U1I1E)~L dlE)wU 31rJ,)1~ 11Ji~

LL~~ LL~::~1~11C11 ~LL~~~1U"1nL~lE)u,.,qL dIE) L~IE)L ~~lE)n1~"

Meyenbery43 LL u::\l1n1n -D'rJ1IE)UWUL on'i1~nUUL~IE)ULonlE);trJL ilu

YiU~1 LL~~~1~11C1,.,qIE)~~1U,.,q,)U1I1E)~ L~IE) U LL~::LLnu 1~IE)U1~ tii

~~ LLm 1111 t1,J~1 rJ,)1 ~ ~,)U~1~1I1E)~ L~ IE) U LL~:: LL n U 1~~:: 1~ Pau144

1~L~UlE)n1n -D' L~IE)UL onlE)1LrJL il U 1~u1-D',.,q,)uLLnuLtJurJlE)~ 1 Yi~IfI-

L1~U i')~nun11rJ1IE)UWU~,)U:fJu'liLL1~~tJL u~ (In-Ceram

SpiDell) 1 Un11\!1tU::WU~U11~UL~IE)ULonlE);trJLilu"::v111 ~[111

,.,q~~1ULL~~IfI~IE)~,.,q,)U1l1E)~11nwutiin~1L~lE)u1~~:: Ahmad451~

Pin~LU1uuL Viuun11,.,q~~1U1I1E)~LL~~ 1::~~1~L~IE)ULonlE);trJL ilu

nlJL~lE)u1~~:: YilJ~1L~IE)ULonlE)1LrJL ilU~1~11C11 ~LL~~~1U1~

vT~~ IE)~Vt~Vl1~ ~ 1E),,1 nIE)1u')::mvluIfl1 1J if~ f'l,)wu 1~ U ~1U Vl1~

11nwu LL~::~nVl1~~1E)"1n f'l,)wu 11J if~1E)1u')::mvlulfll~u~1u

Vl1~11nwu~nVi 1 U1ltU::~L~IE)U 1~~::LL~~1.1J~1~11C1~1u"1n

L~lE)u11Jif~11nwuv111 ~L ~uiinMtU::ril1~~ UlE)n"1n;JL~IE)U

LonlE)1LrJL iluif~31rJtU~~1J~rJ,)1~L']1nu1~Vl1~'Ii,)J11Yi LtJU1~~, ,

~L~IE)Ul;]lE)n11Ln~1J5mu1~~1.1JLn~n11~nnilE)u 31~~~::~lE)u

IE)lE)n~1111E)~f'l,)rJ11E)1JWuLtlu~J11U1urJ~1UnlJWUfi11~on1~

1')~vT~31ri1ii~ f'l ~1I,)1~LL~::Yiii~~1uLLlfln';;;n~~ LLI;] n11 1.if L~IE) u"

"DU~LonlE)1LrJL ilun31,]1E)~1n~L iJlE)~"1n3111U1~1I1E)~L~lE)u1 ~L~lE)n

UIE)U 1.1JrJ,)11 ~ uwu~31rJ~IE)~11nwunrJ'1~fJ~1Jn~~11E)1.1Jn~~

UlE)n,,1n;J if~ 1.1J31 rJtU~~lJ ~n11~~;r;lJLL1~~tii tl131n11LLlfln';;;n, "
... '1 .':r J 1'" 0 ...1 '"

1I1E)~L~lE)fJ L UrJ~IE)~11n,"U,,::11E)1E)IE)n ~U1nIE)1""1LlJUIflIE)~C1IE)U

WU25,45-48
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Treated Teeth
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Abstract
Discolouration of endodontically treated teeth causes noticeable esthetic problems especially in anterior

teeth. It may occur as a result from a number of reasons. However, these problems can be prevented or resolved.

The purpose of this article is to review techniques and new materials for restoration of endodontically treated

teeth. The rationale for their use included bleaching, conventional post and core with metal-ceramic restoration
and a new ceramic post and core system with all ceramic crown are discussed.

(CU Dent J 2001;24: 213-21 )

Key words: all ceramic post and core; bleaching; discoloration; endodontically treated teeth
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