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a .l'..
LL~::n1'1~ruL~U~If)~LUIf)LUIf)" ~

f8"U8:?Em" 1.jf.;run'113-11"'ru~~~13-1 r-i1U')U 12 ~ LL1J~LUU 3 n-ci3-1 n-ci3-l~ 1 ~~Ln;If)LL71~u1.jf:rJ~ViLIf) n-ci3-1. ~ . . .
'" '1" ..I"~ ,.; '1" 1 ~..I" a .~ a ~".. .., ..oJ

Vl 2 ~'iln'1~nlf)'13-1n LL~::n~3-IVl 3 ~'iln'1~ U~mnlf)'13-11~U Lu'1UULVlUU'1::U::L,)~1Vl~'iI~~Ln~If)LL'1~U~3-IU'1tU'iI~. "
~'1')~~If)U 1~u'tJfin1'11.jf~1'1LPlI1 . LmUUL ViUU'11 Pl1~1f)~~1'1LLr;i~::'JJU~ LL~::~n~1 n1'1LU~ UULLU~~~If)~L \flf) L~If).;rU

- ,
"'~~~1nt1n~~Ln~If)LL'1"

eJ8m"Rnti1 n'1~1U~1n ~lf)f3-l1~U~~Ln;If)LLi~1n.;ru1~L1')~~~~1f) 1 02.0 i')13-1~ '11f)~~~3-I1~1f) n'1~~lf)fiJn.
148.5 i')13-1~ LL~:: :rJ~ViLIf) 696.8 i')13-1~ n1'1LmUULViuu'11P11r;iIf)~U')Un1'1 ~If) Ifj~ViLIf) 395.43 U1Vl n'1~~lf)fiJn

89.10-148.50 U1Vl LL~::n'1~1u~1n~lf)f3-l1~U 21.17-30.26 U1Vl n'1~1U~1n~lf)f3-l1~ULUU~1'1L~U~'ilU~L~U,)

~vi11 ~Ln~n1'1LU~UU~LL~::Ln~n1'1~ruL~UL \fIf)L~If).;rU" ~

8"t/ n'1~1 u~1n~lf)f3-l1~u1.jfL,)~1iiIf)U~~~1 Un1'1~~Ln;If)LLiLL~::11'11P11t1n~~~LLr;iI1.jiIf)L~U ~If) 1f)1~vi11~l1n1'1. . . " .
~ .l' .. .":f ..I"~ oJ '1" 'a , '1 '1" " ~ oJ

~t1JL'(iULUIf)LUlf)nU n'1~nlf)'13-1n'il~~'ilL,)~13-11nn,)1 LL~::3-I'11P11~~n,)1 L"'3-I1::~3-I~Un1'1~'iI~1U~1UUm1'1 LUIf)~~1n

l ' °'1"4 a .l' oJ 'GaG l ' '1 '1" "4~" a
3-IVl1 ~ "'Ln~n1'1~t1JL~UL UIf)LUIf) LL~If)~VlLIf) 3-IL "'3-11:: ~ Un1'1~'iI~1U~1UUm1'1L ~'11:: ~'ilL,)~1U1U~1nLL~::~'11P11~~
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'U'VI'U,1

."1 .¥ d .. , ~ ~ 12 d~ ".1
n'J~~nLuUL U'fJLU'fJU~~'fJ-nU~YiL~~' Vl3,J'fJ~f1u'J~n'fJtJ"

vf~~,)U~LtlU~1'J/fJUVl1{J LL~~~1'J'fJUUVl1{J 1 U~,)U1J'fJ~~1'J

/fJUVl1{J,fu31u'J~3,J1CU 50% ~'fJ~m3,J1~'Jn'J~~n~1'fJ 25%

'IJ'f)~J1~iinn1:;~n 1~U~'f)~~u1:;n'f)lJ~'Ju 1 ~ruLUUf1'f)~~1L~U.. ~

~ d .1 ' d ..
-nU~V1 1 (type I collagen) u1:;3.J1n.1 90-95% LL~:;~'JUV1L ~~'f)

Luu1U1~U~13.J"l-rlf1'f)~~1L~U (non-<:ollageneous protein) 1~LLn

'f)'f)~m'f)LLf1~:nU (osteocalcin) 1'DLL'f)~ 1~ 1U1~U (sialoprotein)



776 ?~PI71 ?Wpf3J1fJ~ "~::flnJ::

Luu1Jnmu1viL~U'J')'EI~nlJm~1ru'iJ'EI~Ln~'ElLL11 UL d'ElL~'ElnlJ

'EI~fl1J1:::n'EllJ.1 uJ1u1m -if iI~Jun11~~Ln~'ElLLi'El1~Ln~1Jnmu1

LL lJlJ~~ ~~ 1?!t ~~~ ~'J1~~1 L UU?!t'El~ L 1J~UU~11L~~~1~:;lJ ~~.
.. ~".. .,.".I'd...

Ln~'ElLL1 ~ ~~'ElUL~~'EI fla.a" 'iJU1~'iJ'EI~'DUL U'ElLU'EI~'J1~~'J1~"
.,,~ 1'.. ,,~.,,~

~U1 ~~LnU 0.5 'D~. LL~:::~'iJU1~~U'V1~U11?l~ ~~LnU 1.5 X 1.5

'D~.2l11~~'J1~~U1~1nLnU 11J~:::vi1.1-:in11vi11JnmU1'iJ'EI~J1U1

m-D'~~Ln~'ElLLi1~~ LL~:::'El1~~n11vi1~1UL d'ElL~'EllJ1L'Jcu.1n~

nlJfJ'J~U1'iJ'EI~~Un1:::~n~1'E1..;{U~1n;tu ia.'11J J1U1LL-rl~'EI~"

(fixative) m-D'r1'E1Un11~~Ln~'ElLLi~')'Elvi~'J1ri1U~t1~~'EI ~'J1.1-if

yJ'Elf~1~U (formalin) .1un11~:::tJ'EI~~1~~?!t'Ju~t;\'El11Jd~'EI

~~1,.1j'Eln=D:tIu ill'El=DU (Hematoxylin-eosin) 1J:;~L:nUU lJ"j

(Prussian blue) yJ'V1rfiL1V1~:tIU (Foote's reticulin) LL'JU iiiu" "

(Van Gieson) LL~~'D'EI~rfi 11?l11~1~ (Masson's trichrome) LL~:::

L~11'E1~n LL'EI=D~ =DyJ~ (Periodic Acid-Schiff) ~1n~'EI~n11

1?l1'J~~L'D~-liLL~:::1~1~~11~'iJ'EI~1'iJn1:::~n ~'J1.1-if J1U1LL-rl~'EI~" '"".. ...,J.,.,." .I' d d
L'D~L~'El1 (Zenker's fixatIve) fla.1?l1LL ~U~'iJ'EI~'DUL U'ElLU'ElL~'EI

'J1~.1uJ1u1~~Ln~'ElLLi 1~U~UL d'ElL~'El1~~'J1'E1tJ=iI~nlJ'iJ'EllJ"
" 'I" d.." d'l": .. .. ,.
~1U~~~1U~U~~1'E1nU'iJ'EI~1l1'DU::: L ~'EI ~ ~U1U1~~Ln~'ElLL1'V11

1JnmU1nlJLd'ElL~'EI'VJn?!t1ULvl11 nu vi11~~Un11LL'iJ'Jun1:::~n
.. -":f" " "" .. "". ~

~1'E1Y1U ~1'E1 1'E1~nU1l1'DU:::~'JU~1n'El'D flaM'1 u1~11?l1'iJ'EI~

J1tJ1 ~~Ln~'ElLLit;\'Elm~11?l1'iJ'EI~~UL d'ElL~'EI~'J1~:::'EltJvi 50: 1"

iaMn.1 un11~~Ln~'ElLLiJu~'EI~vi1n11~'JlJ~~LL~:::1?l1'J~~'EllJ~~.
LUU1J1:::~1 ~~.1 Un111?l1'J~~'EllJn11~~Ln~'ElLLi11~~lJ1ru~1'E1"

1~JU~~~1U~fi 1?!tLLr1 n11.1-ifLejj~~'EI~L~U'J~ULd'ElL~'EI~1'E1

n111J1:::LiJU~'J1~U~~tJU LLt;\~fivt~~'EI~d'El1~vi1.1-:iLn~n11.
L~U~1U'iJ'EI~~ULd'ElL~'EI ~fivi~vi~~ ~'EI n11.1-if1l1~:;~~ ~1'E1.
.1~fin11'V11~L~~

.1 u-:i'El~1JnlJiJjn11~'J11rl uu~,ifu ~n11L~'Eln~11L~~vi

.1-D"l un11~~Ln~'ElLLit;\1~nu~~1U'DU~8.9 iI~1?!tnf11'J')1~~U ~~

~11L~~LLt;\~:::'DU~Ju ~:::.1-:i~~~~1'E1~~L~UnlJ~Un1:::~n~1'E1
"

..;{uLLl?lnt;\1~nu l11~11Ju~~'J1~Luun1~1uLL1~ ri~:::.1-D'L'J~1.
U'Elu.1 un11~~Ln~'ElLLiLLt;\rivi1.1-:iLn~~~ L~U~1UnlJ~Un1:::~n

"

~1'E1..;{U?!t'JU vi1.1-:in11~u~tjiu11~Luu11J1?!tU1n LL~:::'El1~Ln~

n11LL1J~~~vifJ~~~1~1?!t LLt;\l11.1-if~11viLuun1~tfi'Elu.1 un11~~
.. ," " 'I" ,.,." .I' d... "

Ln~'ElLL1LL~~:::I?l'El~ ~'DL'J~1~1n LLI?l'DUL U'ElLU'ElL~U~1UU'ElU ~~

'iJ'EI~~1~~~1~'EI'Eln~1~ L ~U1J'EllJL'iJI?l'iJ'EI~L'D~-li:r;~L~U n11~~~

'iJ'EI~L'D~-li:r;~ vi1.1-:in11~u~tjiULUu1tJ1?!t~1ULL~:::tln~'EI~ LLt;\~1n"

n11~~'EI~.1-ifL'J~1U1U.1 un11~~Ln~'ElLLiJu vi1.1-:i~11i1~nf11'J

...J'i)~1yfiu'f~U (phosphoprotein) 'i)'i)~m'i)LUn~U (osteonectin)

LL~:; 1U'f~U~3'1~1L Vi1:;~'i)n'f:;~n (bone specific protein) LUU~U

~1m'JJ~1'f'i)UUVl1uJu3'1U'f:;3,J1ru 50% 1J'i)~m3,J1f;1ffi1:;~n..

",1'i) 75% 1J'i)~J1",iinn1:;~n 1~fJ'i)~~U1:;n'i)'JJ~,)UL",nJLUU.. ~

LL~~L~fJ3,J (calcium) LL~:;yJ'i)~...J'i)1~ (phosphorus) LL~~13,J11tl

Vi'JJ 1'JJ~1f'JJ'i)L Uf;1 (bicarbonate) =DLf;11f;1 (citrate) LL3,JnUL:nfJ3,J

(magnesium) 1 ViLLVl~L~fJ3,J (potassium) LL~:;1'l!L~fJ3,J (sodium)

~,)fJ31~fJLL~~L ~fJ3,JLL~:;yJ'i)~yJ'i)1~~:;'i)fJ1 U1U1J'i)~C.J~n ll1 ~1'i)n.. ..
.. 'I" 0 ~.":r :: ...1 .l' d d..
"D'i):;Vi1 L Vlf;1 (hydroxyapatite) ~1"'1'JJ~UUULuUL U'i)LfJ'i)Vl3,J

m1~:;~3,J1J'i)~Ln~'i)LLiL -rluL~fJ')n'JJn1:;~n4-7 L~fJL U~,)U1J'i)~
..

.. .":r d ...1 .l' d d.. a d
L~~'i)'JJ~U (enamel) "D~LuULU'i)LfJ'i)Vl3,J~,)13,JLL1J~3,J1nVl~~1J'i)~..-, a.. ~.. 0 ~ '"
11~mfJn3,J~11'i)UUVl1fJtl~ 96% U1 3% LL~:;~11'i)UVl1fJU'i)fJ

nt)1 , % L U1Jru:;~L d'i)o;(u (dentin) 3'1~11'i)UUVl1U 70% ~11

flUVl1U 20% LL~:;J1 , 0% vi1L ~L d'i)o;(u3'1~,)13,J~3,JLL~:;ij~",rJLJ.
3,J1nnt)1L~~'i)'JJo;(u4.5 ~1"'1'JJL~~'i)'JJ11no;(U (cementum) Ju
.. ~ ~ 3,J~11'i)UUVl1fJ 45-50% LL~:;~11'i)UVl1fJ 50-55% ~~3,J~,)13,J

a '" , .. .":r .l'.":r
LL1J~U'i)fJn,)1L~~'i)'JJ~U L U'i)~ULL~:;n1:;~n ..

d.l' d a 'I '" , .~ .. ~.. "...1
m1VlL U'i)LfJ'i)LL 1J~ ~~LLnn1:;~nLL~:;~U3,J~11'i)U UVl1fJ LuU..

'i)~~U1:;n'i)'JJ~,)UL",nJ vi1L ~U1:;~'JJurumrJ~fJ1nL um1vi1
~ ~ .

~l~~L ~'i)~U~tfifJL1~L ~LLn~U,)fJ3,J1nnt)1L d'i)L~'i)~U 1 ~~LiJU

.l' d, d .l' d d.. .. ,..
L U'i)LfJ'i)'i)'i)U L U'i)~~1nL U'i)LfJ'i)Vl3,Jm1~:;~3,J1I'i)~Ln~'i)LL13,J

~,)13,JLL ;j~3,J1n LL~:;16J~13,J11tlj;j'~L ~'i)vi1~1~~1v1viu\ii",ii~~1n

'I ",~..".l' "'_'I "'.. ".l' d :: '1
~V11'JJ"DUL U'i)~'i)~CJu,)fJ (;1'i)~3,Jm'fLf;11fJ3,J"DUL U'i)LfJ'i)UU~~fJ

..

o~, ~ , '"
m~~L'i)1~,)U1J'i)~~11'i)UUVl1fJ'i)'i)nn'i)U~,)fJ~11~:;~1fJn1~

LLn"'1'i)n1~tJ'i)U~UfJ3,JL.jfnLJP;'i)8 n1~yJ'i)f~n (formic acid)

n1~luf;11n (nitric acid) n1~ll1L~1~~'i)1n (hydrochloric acid)

LL~:;n1~1f;11~~'i)f'i):;~~n (trichloracetic acid) U'i)n~1n:Jii~
'1'" d .. .. ~ .l' d

~13,J11tl ~ "D~11Vl~13,J11tl~~L'i)1LL~~L "DfJ3,J'i)'i)'i)U'i)'i)n~1nL U'i)LfJ'i)

(calcium chelating agent) L-nU n1~ L'i)\ii~U l~L'i)3'1u Lf;1f;111

'i):;~~n : tf)~\iiL'i) (Ethylene-diamine tetra-acetic acid: EDTA)
d oJ o~, ~ "D~~11L"'~1U~13,J11tlm~~L'i)1~,)U1I'i)~~11'i)UUVl1fJ'i)'i)n~1n

.. .":r 'I'" '1 '" .. ~.. .. d ..
n1::'V1n"'1'i)~U~~ ~",L "'~'i)L VifJ~L"D~~LL~::'~11'i)UVl1fJ "D~L1fJn

..

~.. 0 ~ ~.. ..J, 0
,)fimffi1~~~11'i)UUVl1fJU,)1 "m1~~Ln~'i)LL1" (decalcifica-

tion) ,TUf;1'i)Um1~~Ln~'i)LLi:J~'i)~L.jfL,)~1Vi'i)~3,J~,)1 L ~'i)L ~
.l' d ".":r"'" '1 ..

L U'i)LfJ'i)n1::'~n"'1'i)~Utln~~Ln~'i)LL1'i)'i)n ~~fJ~3,J'JJ1ru..

~~~1~'l.J~~'i)~r11il~ti~ L um1~~Ln~'i)LLi'i)'i)n"1nL d'i) L ~'i)

LL;j~3'1 6 ,)'i)p;'i)9 is",n m1~~Ln~'i)LLi'i)'i)n~1nLd'i)L~'i):n"U

L ""l.J1.jfL,)~13,J1nn~1L UL d'i)L~'i):n"UL~n LL~::'m1~~Ln~'i)LLiJu
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'V11~~f1t11~tJ1.jfn1'11Lr1'11::~r1'J1~ LLU'1U'1'JU'V11~L~tJ'J (one-way

ANaVA)

~ ""'. .."~,
i]iJ'LL'WI 2 n11Vl~~'f}~~~Ln~'f}LL1'f}'f}n~1n'DU(;1')'f}fJ1~

LLU~n~3,J1I'f}~.;;(U~r;~P1,)13,JLLii~~')lJJLL~,)LUU 3 n~3,J. .
nri3,J~::: 4 :B1~fJl-:i nri3,J~ 1 1.jfn1~lu(;1rn't.J'f}f3,J1;uLiJu~11. .
.. .. , ,d 'I" ..I"~ ,d 'I""""'"
~~Ln~'f}LL1 n~3,JVl 2 l.'Dn1~~'f}13,Jn LL~:::n~3,JVl 3 1.'D'f}~VlLfJ. .
~11Vln"Du~~1-nL un11Pin~11iLiJu&J~(;11~fJur';Vl Merck,.
Dannstadt, GenI1any LL~:::LiJu ARgrade n1n(;1-;:fJ3,J~11~:::~1fJ

~~:::1.jf~~Ln~'f}LLi8.9 ~~fin11r;i~1i

1) ~11~:::~1fJn1~lu(;1rn't.J'f}f3,J1;u (l.jfn1~lu(;1rn 7%

lu't.J'f}f3,J1;U 1 0%) ~fiL(;1-;:fJ3,Jl.jf~11't.J'f}f3,J1;U 10% m3,J1(;11

93 ~~~~(;11 &J~3,Jnun1~1 U(;1rn (P1,)13,Jci,)~~1L W1::: 1.41)

m3,J1(;11 7 ~~~~(;11

1~r1'f1tJL~~1:::~~1un11u1~11.n1u':;'fI~unu~n11~1niin
4 d1'" '" 0 1'" ~ "'.'1 ~

L U'fl~,,1nCJ~'V1 ~,,:::-n1 'V11 ~n11'J1~LLCJun111n~1CJu'JtJUU
"

~ ,'" 1.1'" 4 ~ .. "".'1 1'"

Ln~n11~1-n1(;l1~ u~'JtJ-n~'fI1"Ln~CJ~L~tJLLnCJu'JtJ ~ LL~:::~11
"

u1~-nu~ti1~L ~~1:::~~1 U'V11~UnU~L ,1'f1~"1n;;'fI~(;l1'J"~'fIU

U'fItJ 1 L'\"j11:::~11,ru~~Ln~'fILLi1~1'J~L1'J~1n ~1n(;l1'J,,~'fIU

.jf11utiLn~n11~ruL~tJL if'flL~'fI1~ v111':;n11LLu~CJ~tJ ~'\"j~1 ~" w

d '" .." ~...I 1 d", .., 1 '
-n~C11-nun1:::~nUULuU1'f1tJ 1f')'V111tJLL1~ n,,:::~~CJ~ ~tJ(;l1~(;l'fl"

~u'JtJ1~ 1~tJ~11m.jil un11~~Ln~'fILLi'fl'fln"1nL if'flL~'fILLejj~vif;i"

,ru8 ;;'fI~~1~11C1~~Ln~'fILLi'\"j'JnLLf')~LontJ~'fI'fIn1~~~~ 1~tJ1~

v11.fJU(;l11tJ(;]'fI L -n~£~1'f1L if'flL~'fI LL~::: 1~v111':;Ln~ f')'J1~ L~tJ~1tJ

111tJ~ii~n11tJ'fI~~ u'fIn"1niff')'J1~L1'J1 un11~~Ln~'fILLi'fl'fln
.¥ 4 ~.¥ ~ '" '" ~.~

,,1nL U'fILtJ'fItJ~1IUnUf')'J1~L1I~1IU, 'fIn.I~I1~, LL~:::u1~1(;l111'f1~. "
~11m.jf~~Ln~'fILLi

n11~nM'l1 Uf')f~if~~~r;(;lC1U1:::~~~L ~'fILilltJUL ~tJU~11.
~ "'... ... , .¥ 4.. ~ ~:::~1tJ'V1~-n~~Ln~'fILL1,,1nLU'fILtJ'fILL1I~ 3 -nU~ f')'fI 'fI~'V1L'fI

n1~~'fIf~n LL~::: n1~1u(;l1n~'fIf~1~U 11-nu~1~~f')'J1~

L ~~1:::~~1 un11u11trl.jf~1uu1n11~1un111u"rii-tJ11f')1 ULL~

1I'fI~1:::tJ:::L'J~1m.jf 11f')1 1fin11L(;l1tJ~~11vi1~f.1~tJ1nLL~:::1~~.
m1~ruL~tJ1I'fI~L if'flL~'fI1~tJ~~~r;~":::Luu,j'fl~~1 un11i1~~u1"" w . "
L~'fIn 1.jf~11m .jf~~Ln~1r:J LL1LL~:::~1~11C1U1~1 LUU,j'fl~~~1~flJ"

1.jilu~1uu1m11~

iaG} bba:~fin'1'a
'I

'" , ,
iaGlmii'VIGl&iJG :nUr;}'JIE}U1~ PilE} -ifun11~l\-1ru;n\/i~1~

'I ~

(pennanent third molar teeth) ~1U'JU 12 ~ ~13J~1IE}u~~~.
lJl1'J~ 1V1ul.jfL~11E}~~lE}lJl1'J~-ifu

~5n1'a'V1G1~eJ~

2) ~11~~~1fJn1j;1W'eJf31n (1-ii'n1j;1W'eJf31n 25% 1u

..1"'" ~""" 1" ..1"'" .~
n'eJ1~1~U 0.5%) ,)fiLlJ11fJ~ -n~11n'eJ1~1~U 1 0% u1~1lJ11

5 31~~~lJ11 n1Jn1j;1w'eJf31nili~1lJ11 25 31~~~lJ11 ~1nJuL~~

J1niu~uili~1lJ11~11J 1 06 31~~~lJ11

... 1 3) ~11~~~1fJ'eJj;1V1L'eJ 5.5% LlJ11fJ~ j;1fJ~~~1fJ'eJj;1V1L'eJ

",iin 5.5 n:;~t.J~~n1JJ1niu~ul~ili~1lJ11~11J 1 00 31~~~lJ11

~1nJuU1o;[uil,)'eJci1~~LLU~n~~LL~,) LLorl~~1 U~11~~.
Ln~'eJLLivT~ 3 -nUj;1 ~~o;[ULL~~~~~~LLorl~~1 U'IJ')j;1~~~11~~

Ln~'eJLLiili~1lJ11 1 00 31~~~lJ11 1j;1fJo;[U~U1~1LLorl~~~'eJ~~'eJ

~,)fJ~1fi'eJ-n L ~'eJ1 ifV1n1J1L')ru'IJ'eJ~o;[ui~c4~n1J~11~~Ln~'eJLLi.
l~vt')t1~ LL~~o;[uvT~~~'eJ~~~'eJfJ"l U~11~~Ln~'eJLLivT~"'~j;1 L~~..

'i1JL,)~1~~LL~L~~",ci'eJuo;[u~~1 U~11~~Ln~'eJLLi lJ11,)~t.J~'IJ'eJ~

n11~~Ln~'eJLLiVJn 1 24 GJi")1~~ 1j;1fJ1-n-t1J~j;1"'~1fJL~'IJ 24 ~1

.":r" '1 " " 4 " '1 " V1n~n~1~'IJ'eJ~nUV11~j;11ULn~LLn~ (buccal) "'1'eJj;11ULn~~u

(lingual) 1 ULL u,)~1U1Jj;1L"'fJ')luii~u~1fJ11n (occluso-radical)

1j;1fJ1-ii'LL1~nj;1i.1'eJfJ~~j;1 n113J~1~11t1i1j;1o;[ul~ 1ift.J~~~11~~.
Ln~'eJLLi1fu1",3J LL~~LU~fJUV1n 1 24 GJi") 1~~ ~Un~1~~~1~11t1.
~1o;[U~JU 11~ n1~1~11t1~1o;[ul~LL~')nu1o;[u~JulUlJ11,)~

~'eJ1J~1~n11~~Ln~'eJLLil~~~1J1ru"'1'eJ13J (end point of.. "
. . ,,~... ...

decalcIfcatlon) j;1,)fJ,)fiV11~L~~

..I 4 4 ~" ..,,~...

G!iJU'M 3 n11V1j;1~'eJ1Jn11j;1~Ln~'eJLL1Lj;1~~1J1ruj;1,)fJ,)fiV11~ ..
"'8-

L~3J

'I11.;ru~iI(;11p)1u~1~~,)fJJ1niu~u~::;'t)1(;1 ~1n.JULL aIi

.;ru~iI(;11~~~1 u~11t)~Ln~'t)LLi~L~"1fJ~1 ~3J LLaIi:ft~1~LUUL,)~1

3 .tJ')1~~LL~')'I11~11t)~Ln~'t)LLi~LLaIi.;rUm~1~1 5 ~~~~~11~

oJ ~ .. ~ .,." ~ ,
G!iJU'M 1 m'J'J(;1~'J1~LL~~&J'J~'1)~"DU(;1'J'1)tJ1~

U1-iiU~1vi1~'J1~~~'1)1(;11(;1tJn1'Jn1li(;1L~~~~~ntJ'Jn

.(dd ~ '~_o.f '1" "°
1 .1'

LL~~L~~L U'1)LtJ'1)VlLn1~(;1(;1'1)tJnu~U'1)'1)n L """~(;1 LL~'JU1 uLL"D"
1 u~1'J~'1)f~1;U 1 0% "1nJuu1-iiu1tJ;;~1uLL.1J~~WV'l~1~-

..~ 1 '1'" d d d.o.f ~

L(;1'1)'J"'U (;1tJ L "'~'JUVlLLUU'J1UVI~(;1~'1)~"D~U L'UV'l1~U'JL'Jru.
~'1)~ 1?i"J-iiU'J1~~U1 UrlU LL U'J'J~U1U u1-iiu1tJ'IT (;1rlU L~~'1)~'IT (;1

1 ifL1tJU 1(;1tJvi11 ifU1L'Jru~C1n'IT(;1~,,~1.jfrJ(;1~'J1~LL;j~fj'J '1)tJ1 U" "
LL U'J~U1UrlULL U'J'J1U LL-1i'JU1-iiu1tJvi1n1'JrJ (;1 ~'J1~ LL ;j~fj'J

~'JtJL~~'1)~ micro-hardness tester 1(;1tJ-iiULLt;l~~~"~C1nrJ(;1~'J1~
"

LL ;j~fj'J~'1)~L~~'1)u-iiU~1U'JU 3 r;l1LL ",Ll~ Jl1tJ1~LL'J~n(;1 500
~...I ~ '" ° d

1 ~-I~"

n'J~ LuUL'J~1 15 'JU1V1 U1&J~n1'JVI(;1~'1)~VI (;1LU'JL~'J1~'"
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1'U~~'1)~'V1~~'1)~ Ltl3.JLL'1)3.J13.JLuu3.J1!:1~'i'1)n1en{1 (ammonium

hydroxide) 5 ~~:fj:fj[;1'i LL~~LL'1)3.J13.JLuu3.J'1)'1)nen1L~[;1 (ammo-

nium oxalate) 5 ~~:fj:fj[;1'i (L[;11u3.J1~"1nn1'i~~~1ULL'1)3.J13.J-

LUU3.J'1)'1)nen1L~[;1 5 n13.JnuJ1nt'U,,'U1~ili3.J1[;1'ir1'iU 100

~~:fj:fj[;1'i) L1IrJ1LL~')~~~~1t) 20 'U1Vi tl1~1'i~~~1U~1~~
~ , co" ,~ co

~n~ru~1I'U1I1,)L ~3.J'1)'U'U1'U3.J LL~~~,)1U~3.JLLr1~LenU3.J~~~L ~~'1).
'fl~1 'U~1'iiii~Ln~'1)LLi ~~~3.J1Ut1~ n1'iiii~Ln~'1)LLiu~13JL~1"

~2,J\l1ru 1 ~LL-rl.;ru1 u~11{;i-3Ln;~LLi'DUV1Ju 1 vi Lj;l1tJ2,J1 ~~

LUUL'J~I~n 3 /n'JL2,J-3 vilnI1VlV1~~lJ.ffILuL1~tJ 1 "ULv'1

~11~~~ltJ1~ LL~V1-3~1 nI1{;i-3Ln;~LLiL~1,,~2,JlJ1ruLLt}i'J (1uvi" "

1) ~-3UU\'1nL'J~I~-3LLI;]L~2,J~U~U.;rU"Un1~vt-3~nI1{;i-3Ln;~LLi

~~n"ln~u!'T'J~UI-3L~1,,~2,JlJ1ru u"ICJ~nI1VlV1~~-3viLv'1 2,J1. "
1 L~11~\.fVlI-3~f1 ~LV1 tJ 1-if n111 L~11 ~\.f ~'JI2,J LL U 1U1'J U VlI-3 L~ tJ 'J

d ~ d':' .
LL~~ Scheffe'stest Vl1~V1lJ~'JI2,JL'D~2,JU P<O.O5

"j ~ 4 4. ~ ~" ..
~1J'VI 1 '!J,)~VI~U~LL~~~n11~~LnflfJLL1~~tJ~11Lf1~ ~~~~\!'CU

~ 4 4 ~ q~." ..
'!J,)~VI~fJ~n1'~~LnflfJLL' ~~tJ~1'~f1~ tJ~ ~~~~\!'CU

Bottle no. I : The end-point of the decalcification by chemical procedure in shown

Bottle no. 2 : The decalcification process is not completed.
Fig.!

..I -~. .I..I~ .r4_~'1 ..,&-
~'lJ'VI 2 Lu1tJ1JLY1tJ1Jn11LufltJU~~t)~LUt)LtJt)nU ~~tJ~11~~Lnflt)LL1Y1~ 3 'DU~

Fif!. 2 Coronare of tooth discoloration bv 3 decalcifvinl! af!ents
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,tU~'EJU 1 Un1'iL~1fJ3.J LL~:;r1ru~3.J~"IJ'EJ~~1'i~~Ln~'EJLLivT~,

3 -nU~ ~1J~1 ~~ViL'EJ1.ijL'J~11un1'iL~1fJ3.J~1'iU1U~~~~'EJ 4.20,
u1Vi 'i'EJ~~~3.J1~'EJ n'i~~'EJf~n1.ijL'J~1 2.35 u1Vi LL~:;L1'J~~~

,

~'EJ n'i~1U~1n~'EJf3.J1~U 1.ijL'J~1 2.18 u1Vi ~1",f1J,tu~'EJU

1Un1'iL~1fJ3.J~1'i ~~ViL'EJLL~:;n'i~1u~1n~'EJf3.J1~U ~ 2 ,tU~'EJU

LLl;in'i~~'EJf~n~ 3 ,tU~'EJU LL~:;~~ViL'EJLUU~1'iL ~fJ~-nU~

L~fJ'J~1.1J~ riJU~'i1 fJ LL~:; 1.1J~n~u LLl;in'i~~ 'EJf~nLL~:;n'i~
'1~..I"""~ ..";.,J" .,J."I
b U~'in'rl'EJ'i3.J1~U 3.J'EJU~'i1fJLL~:;3.Jn~UVlL "'3.JU'UU-n~LuU,

~ .,J
'EJU~'i1fJ ~13.J~1'i1~Vl 2

eJ&n'l'aAnti'l

lJI'f)U~ 1 n1'j'1V1~'J13.JLLeii~fJ'J"iJ'f)~~uiI'J'f)U1~..;(uvf~ 2 ~

oJ ~".I .1

LL~V1~lJI13.JlJI1'j'1~Vl 1 LL~~~1nn1'j"JL~'j'1~~~'J13.JLLu'j'u'j"JUVl1~

L~tI'J ~'j'~ilU~'J13.JL~'f)JU P < 0.05 YiU~1..;(uvf~ 12 ett,J~~'J13.J

LLlJInr;)1~nU'f)U1~~Utl~1i1C).!
oJ '" .., .." ~ ,

lJI'f)UVl 2 n1'j'VlV1~'f)~V1~Ln~'f)LL'j"f)'f)n~1n-nUlJI'J'f)tl1~ ~~

n1'j'LmtlUL ~tluu'j'~'ilVlfi Jl1Yi"iJ'f)~~1'j'~~~1t1m .jf~~Ln~'f) LLivf~

3 -nUV1 ~'f) n'j'V1yJ'f)f~n, tEj~~L'f) LL~~n'j'V11ulJI1nyJ'f)f3.J1~U ~

~..r
V1~U

GI'1"1Gi 1 LLft~~f\'1f1'J'1~LL;j~tJ'J~f}~.,:ruil~ 12 ~m~I1f1'J'1~LL~nlJi'1~nuf}u'1~l1iitJft'1f\'Y~1::iIUf1'J'1~L~f}~U P < 0.05

Table 1 Surface hardness of 12 teeth show non-significant differences (P < 0.05)

~u SD. Std. Error
(kg/mm12 3

31A.6 316.4 7.324 4.229324.5 310.2

7.124328.7 306.8 314.5 12.33917.9

5.99..1 3.459310.2 307.0 318.6 311.9

14.843 8.570332.3 308.4 305.1 315.36

308.1 12.700 7.332:20.8 295.4 308.2

2.4793;4.4 309.8 4.2938 305.9 309.1

6.082

AI~'n~

328.3 307.5 320.8 318.9 10.534

10 302.0 316.4 309.7 309.4 7:2-06 11 334.6 ~--- 303.4 31 1.T 316:4 16.253 .-~ ~.384

309.8 10.892 6.28912 297.2 315.6 316.5

'a~3J 312.6 9.426 1.571

.
eI'l'i'l~..1 2 ,Tu~f)ULUn1n~1tJ~LLfl~"CU~~~~f)-3~11~-3Ln~f)LLivt-3 3 'U~ (1 00 ~fl~~~1),
Table 2 Preparation and properties of 3 decalcifying agents (100 mI.)

II"II'

II'v
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..

ff)~\/iL'f)~11~1~~~~(;1~'f) 395.43 lJ1'V11'f)~'iI~3-J1~'f) n1(;1rJ'f)f31n" .
89.10-148.50 lJ1'V1 LL'iI~tln~~(;1~'f) n1(;11 u(;1TnrJ'f)f3-J1~U" .

~
21.17-30.26 lJ1'V1 (;113-J(;1111~'V1 4

.I~ ... l' d -':f ..
m1LLJ'ilfJU~LL'iI~n11~ru L~fJ'II'f)~L U'f)LfJ'f)Y1U'II'f)~~11(;1~" ~

Ln~'f)LLivf~ 3 -nU(;1~lJ11 n1(;11 u(;1TnrJ'f)f3-J1~ULUU~11;;i~

Ln~'f)LLiL ~fJ~-nU(;1L~fJ,) ~vi11~L if'f)L~'f).;:[U~m1LU~fJU~ (1U"

~ 2) LL'iI~Lii(;1m1~ruL~fJ'II'f)~Lif'f)L~'f) 1U'IIru~mUff)~\/iL'f)LL'iI~" ~

n1(;1rJ'f)f31n13J~lJC,J'ili\~nIti1')(;113-J(;11n~~ 5

'i:;-U:;-L'J~1m -rt un1'ii;i~ Ln~'f) LLi"u~~lJ'inf1l'f)~~1'ii;i~
"

Ln~'f)LLivT~ 3 '1!U~ ~lJ~1 tf)~~L'f)1.jfL'J~1U1U~~~ ~'f) 696.8.
/r;'J1~~ (SD. = 1.500) 'i'f)~~~~1~'f) n'i~~'f)f~n 1.jfL'J~1 148.5

/r;'J1~~ (SD. = 1.732) LL~:;-L1'J~~~~'f) n'i~1Uj;l1n~'f)f~1~U.
1.jfL'J~1 1 02.0 /r;'J1~~ (SD. = 2.449) j;l1~j;l1'i1~~ 3 ,,1nn1'i

~Lf1'i1:;-~f1'J1~LLU'iU'i'JU'V11~L~U'J LL~:;- Scheffe's test ~'i:;-v1lJ

f1'J1~L~'f)JU P < 0.05 ~lJ~1'i:;-U:;-L'J~1m-n-lun1'ii;i~Ln~'f)LLi
..

1I'f)~~1'ivi'~ 3 'DU~LLj;ln[;]1~nu'f)ci1~i1iiu~1i1tlJ
0 .. .. ,:; ~ ..~..r

'i1f11j;1'f)1IlJ'JUn1'i1l'f)~~1'i~~Ln~'f)LL'i'V1~ 3 'DU~~~~U

eI,,'u..1 3 1::tJ::L~fl,m-nLUn'1~~LnflfjLL~U~)J1.!1cU~fj~~'1~~LnflfjLLivt~ 3 'D\1~ ~i:I~~'))JLL~n~')~nufjri,~i:liitJii,;';ClJ ~1::c;i'1.J~~')JL~fj3i'UP < 0.05

Table 3 Duration of 3 decalcifying agents show significant differences (P < 0.05)

150 147 150 147 148.5 1.732 0.866

n'i~1uIl11n~lf)f)J1flu 105 102 102 99 102..0 2.AA9 1.225

..I 4 4 ,~ 4

GI'1"1~'WI 4 T1f1'1~t)~~1T~~Ln~t)LLTY1~ 3 'D1.A~

Table 4 Cost of 3 decalcifying agents

14.40-24.00 148.5 89.10-148.50

n1~1u~1nyJ'fJf~1flU 4.98-7.12 102.0 21.17-30.26

..I .1- 9 9 J oJ 4 4 .~ ~
6I'1"A'111" 5 n1nlJfltJU~LLfl~n11~I1!L~tJ1Jt)~LUt)LtJt)1Jt)~~11~~Lnflt)LL1Vl~ 3 1JU~

Table 5 Discoloration and deterioration of tissue 3 decalcifying agents

II'

II'
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- ~
'U'VI'J~1-at"U,

d 1 .. ~
n1dV1~~'eJ-3i?1'eJUV1 1 Luun1dV1~~'eJlJ~'J1~LLflJ-3~'JflJ'eJ-3

-fluvT-3 12 ~~U1~11.jf 'V'IlJ~1 1~~~'J1~LLi?1n(;]1-3nu'eJu1-3~iifJ

f.11O1ru vi11 ~~1~1dC1~ ~~'J1~LLUdUd'JU ~'eJ1"Lii ~.,1 nn~~w ,

iI'J'eJu1-3~U1~11.jfV1~~'eJlJl~ LL~::1 un1d~-3Ln;'eJLLil~ri1~ti~

1 m.jf~1d~-3Ln;'eJLLiLL(;]~::"!IU~ 1 00 ~~~~i?1d L ~'eJ1 ~tfJi?1d1~'JU

flJ'eJ-3ili~1i?1d-flU(;]lr:Jili~1i?1d~1d~-3Ln;'eJLLil~~1n~1 1 ~'JU(;]'eJ

50 ~'JU

L~'f)~"1'1ru1t1~'11~11;\'f)"IIlJ')un1'1 ~1'f)Fi11.jf~1£J ~lJ~1

n'1(;11uIJl1n~'f)f~1~'Ii~'11~1~1~~(;1 LL~~n'1(;1~'f)f~nL~£JFi11.jf.
~1£JtJ1un~1~ ~~L~~1~"~U1~11-nLu~1UlJ1n1'1~~Fi11.jf~1£J

ltJ ~,)'1~1n LnU ltJ "ULnU~,)1~~1~1'1tl~ m .jflJ1n1'1"~~1 £J 1~"

LLl;\rJ1~flJff)~~L'f).jULiJU~1'1~L~£JFi11.jf~1£J~~~~(;1 ltJL ~~1~" .
"~U1~11-nL U~1UlJ1n1'1 LL(;I1 Un'1ru~LiJu~1U1~£J~~L~UVlU~~. "
LL~~~'f)~n1'1~1'1~~Ln~'f) LLi~~tJ'1~~Vlfi Jl1~ ~ ff)~~ L 'f)~ ~,)1~

~~m'i~nM1LL~~~1 ~L ~'U~1 ~1'i~~Ln;'eJLLivT~ 3 "J]U~

,f'U~U'i~:fIV1fi111'YiLL~~r1,)13-1L 'l-'3-I1~~3-I1 'Um'i1.n'~1'U1 'ULL~1;\1~ 1

~LLlP'ln 1;\1~n'U 1~tJti'1r;i1u~ii~1 'ULL~n1'iLIP'I1tJ3-I~1'i'YilJ~1n'i~

"I1'eJf~nLL~~n'i~1 'U1P'I1n"l1'eJf3-l1~'U LL3!~1~'UIP'I'eJ'Um'iLIP'I1tJ3-I"~

1;\1~n'U LLI;\'i~tJ~L,)~1vi'l.n' LIP'I1tJ3-Iri't3J1;\1~n'Uiin L ~'eJ~"1n~1'i~

1.n-l 'Um'iLIP'I1tJ3-I,f'ULtI'U'iJ'eJ~L 'I-'~')vT~'I-'3-I~~~v11n1'i~~3-I1W1~1tJ

~1'1-'flJ.f)~~L'eJ,f'ULL3!~1~'UIP'I'eJ'Um'iLIP'I1tJ3-I"~L v11nlJn'i~ 1 'U1P'I1n-

..1 it " I d """...1

Y1'eJ'i3-l1~'U LLIP'I 'D'i~tJ~L,)~1'U1'Un,)13-11n L 'U'eJ~,,1n'eJ~V1L'eJLu'U

..; 1"," 8
~1'iV1~~~1tJ ~'eJtJ1~'D11

L'I-I3.J1~~3.J3.J1n

1 ULL~4jJ'fJ~n1'i~ruL~fJL ,i'fJL~'fJiI1vi1n1'i~~Ln~'fJLLi,xu ViU~1" ~

n'i(;1-,.J 'fJfiJ n~~L3Jvi11 \X Ln (;1n1'iL1J~fJU~LL~~L3J~n1'i~ru L~fJ" ~

4jJ'fJ~L ,i'fJL~'fJ ~~Ltlu~~iI1~1i1'1.J'fJU1~3.J1n1 Un1'ij;1'i'J~1u~ril'fJ

'i'fJfJ l'i~4jJ'fJ~L ,i'fJ~'fJn1 un'i~(;1n L Vi'i1~n1'iil1~~'Vl'i1U~1~Un'i~(;1n" "

mv1vi1n1'icJ1rJ1(;1'fJ'fJn3.J1,xuLv1'111L'fJ1~'Juil1LtluL ,i'fJ~'fJn'fJ'fJ n3.J1

Lv1'1-13.J(;1'1-11'fJL3J v1'fJ~j;1'i'J~(;1j;113.JU1L'Jru4jJ'fJU4jJ'fJ~~un'i~(;1n'l-l1'fJ" "
.I'd Z".. .. .I'd ~

L U'fJ L fJ 'fJ 'Tl~U Utl13.J n1'i~ ru L ~fJ4jJ'fJ~ L U'fJ L fJ'fJU'iL 'J nJ4jJ 'fJU4jJ 'fJ~" ~

n'i~(;1nL1J ~~L3J~13.J1'itl'Vl'i1U~~iI1LL UU'fJULv1 ~~'fJ1~vi11\X~~"

n1'i1u~ril' fJtJ (;1Vi~1(;1Lv1 vi11 \Xn'i(;1-,.J'fJfiJnLtlu~1'i~~ Ln~'fJ LL iil1

L '1-13.J1~~~'I113.J11-D1 U~1UU1n1'i LL(;\~1'1-1fun'i(;1L uj;11n-,.J'e:lf3.J1~U

z '1 " .I' d ., ,.. ~ d 0 '1 ".I' d ..
U U~~ b 'I-I~~4jJ'fJ~ L U'fJ L fJ 'fJ b3.J (;1 un L U'fJ~~1 n'Vl1 b 'I-IL U'fJ L fJ'fJ3.Jn1'i

.Id .. ...1' d" 1 ..
Lu~fJU~L 'I-I~'fJ~LL~~3.Jn1'i~'1.JL~fJL U'fJLfJ'fJ(;1'JfJ (;1fJn1'i~'1.JL~fJ

.I' d ~.r ,.r d '1 ., ~ ..1 .. ..
4jJ'fJ~L U'fJLfJ'fJ~~Ln(;14jJU~1nn1'iLL"DL U'fJLfJ'fJ b un'i(;1 b Uj;1'in-n'fJ'i3.J1~U

u1uLnuL1J ~~~'J'i'l-lfJ(;1LL oJ! L~'fJn1'i~~Ln~'fJLLiL~1~~3.JU'iruVi'fJ~. "
L3J~'J'iLLoJ!iI~L.)' v1'fJ~j;1'i'J~~'fJUU'fJfJ 11uoJ!'J~mnr1i~~~~Ln~'fJLLi

.. .. d ...r d z ...I.or '
L~'i~~3.JU'iru "D~n1'i~ru L~fJ L U'fJ L fJ'fJUU~~LuUuru'l-l1'fJfJ1~" " ~ ~

'1 '1 ".'1 d...1 .r 0'1"
3.J1nb(;1fJL'TlVi1~bU~U'JfJ'VlLuULU'fJ~'fJn LVi'i1~~~'Vl1b'l-l~~n1'i"

1U~ril'fJtJ(;1Vi~1(;1Lv1 'Tl~,xun1'i~~'I11n'i(;1LUj;11n-,.J'fJf3.J1~U3.J1

1-D1 Un1'iU1n1'i,xuvi1Lv1' L ~fJ~LL(;\v1'fJ~1~1~1 Un1'i~1'J~r;(;1n1'i
4 4 " ..d., d., il "~ ~

(;1~Ln~'fJLL'i'J1~~~3.JU'iruL3.J'fJ b'i L Vi'fJ b3.J 'I-ILn(;1n1'i~ruL~fJ~'fJ~" " ~

.r d 0 ~ Z '1" .r d d.. ., ,..
L U'fJLfJ'fJ LL~~~1'1-1'iU'fJ(;1'VlL'fJUU b 'I-I~~~'fJ~L U'fJ LfJ'fJ'Vl (;1 b3.J3.Jn1'i
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Abstract
Objective The purpose of this study was to compare an effectiveness of 3 decalcifying agents; Ethylene-
diamine tetra-acetic acid (EDT A), Fonnic acid and Fonnalin-Nitric acid. The duration of decalcification, the

price, the preparation of the agents and the deterioration of the tissue were studied.
Materials and Methods Twelve third molars were devided into 3 groups; the first group was decalcified by EDTA,
the second by Fonnic acid and the third by Fonnalin-Nitric acid. The end-point of the decalcification was

detennined by chemical procedure.
Results The results yielded that it took 696.8 hours by EDTA, 148.5 hours by Fonnic acid and 102.0 hours by

Fonnalin-Nitric acid for decalcification. The cost of EDTA was the most expensive whereas Fonnalin-Nitric
acid was the least. Among the three decalcifying agents, only Fonnalin-Nitric acid discolored the tooth and

destroyed some part of the tooth morphology.
Conclusion Fonnalin-Nitric acid was the most rapid decalcifying solution and the cost was the lowest but it

may cause tissue damage. Fonnic acid took more time and the cost was more expensive but it was suitable for
routine diagnostic work. EDTA was not recommended for routine work due to the length of time and the cost.

(CU Dent J 2002;25:175-83)

Key words: Decalcifying agent; EDTA; Formalin-nitric acid; Formic acid.
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