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Enamel demineralization adjacent to cemented bands after banding 

with two different cements 
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d 
U'Vl'VI 1 

U'Vl'W1 

vi''1n�113J niJm'Ji.'ltU b�mvfo1���1 bfl�e)'U'W'Ubbi;'I� bf11i1'W'UN1��1!:J ( 1, 2) 11i1 !:Jb0'\l'l1� 1 'U'W'UVl�'1zj'1b 'U'U'U�b1t1.l
'U V 'l 'l 

�'\111A11:Wi.'l�e:l11i11�!:J1n fle) 11Xbf11i1n1';ii.'l�i.'l:W'lle:l'1bl'l�e:l1Vl1';i bb'1�fl';i1'U��'U'Vl-:fo1�mn�'U (3)
!1 ., :;j I J"' ... .";1 9 '-'.

1
1 J"' .,j ... 9 I • I O 

1 '-'n1 ';i u e) '1 n 'U n1 ';i i.'l tU b'r;1 !:Jbb ';i 61 � 'VI N 1 b A '1 e) 'U 1'1 'U b 'UN u 11:J 'VI� li1 b A ';i e) '1 :W e) b 'U 'll e) '1 u 1 n i.'11 m ';i tl 'VI 1 li1'U V 'I 'U 

�11:Jm�ii1m"1'1e:ie:i 1 'J� (4) zj-.1iJr1rui.'l:wu�1 t1n1'Jii'ut-.1 n1'Ji.'ltUb�!:J bb io1�bb'1�cl-.1bi.'l�:Wn1'JA'Lln�u'lJe:i'1bb io1� '\J 'I '\J V '\ 'I 

��1ii1t11��1!:J bb��rr1vi'-.1n�11�e:i-.1mi11:Jr111:wi1:wile:i1ii 1m'.h'.h1:J b 'U'Ue:lt!1'1mn blil!:JbO'\lfl�e) 81'1 �'1 b 'U�th!:J b� n
V V 

vt�e:i�th tJ�iJ r111:w�e:i-.1 m 'J� bl'l�zj-.1iJ-if e:i'11 nlil 1 'Ll n1'Jli1 bb'1?l'llm'\l'l�e:i-.1u1 n �-.1i!n1'J� �t11� b:W'U�81i1 bbti'U {1i1vlt1
V V S 

�i1cl1t1N?l:W'lle:J'1�'1e:ie:i 1 'J��'U b�e:i�11:Jii'ut'1n1'J?lrub�mb io1� bb'1�cl-.1b?l�:Wn1'JA'Llrntubb io1��e'l1vlt1'U 'V Cl.I 'I 'I 

Ulillil'\J'UiJn1'Jtl1�b:W'U��ilcl1t1N?l:W'lJe:i-.1��e:ie:i 1 'J�m 1-i181i1bbt1U{1i1vlt1vtm1:J'll'Llli1 1�bbn nm?J1e:i fob 'U-
' V 

b:We:i{�b:W'U� (conventional glass ionomer cement) zj-.1iJn1'J�n�111?11m'Jt1U'11i1U�e:J1:J��e:ie:ih� (5, 6)
"" I c, "" .";1 9 .";1 J9 I .,j "" V .";1 1 '-' ( ) I I "" -, J 

bb'1�?11:IJ1'Jtl'11i1n1'J?ltUb?l!:Jbb 'J61�'lle:l'1N1 bf1'1e:l'U1'1'U b 'U1'1'U'VI b?lbfl';ie:J-.1:Ue:l'<il li1111'U li1 7 bb�'\l'l'U11:Wn1'J!:Jli1 bn1�'VI 
V " S 

�1n111?11i1'11'\l'l1flb 'J-il'U (7) cl'1N� 11Xi!m'J'1�'111:J'lJe:i-.1�b:U'U�e:ie:inU1-.1cl1t1 '\11111Xbbt1U{li1'W'U hlbb t1unuvlt1 bb'1�' 
bnli1n1'J?l�?l:W'lJe)'1fl';i1'U'<il�'U'Vl��'U�b 1ruvi'-.1 n�111��1!:J�'U zj'-1 b 'U'U8n?l1 b Vl��'\111 b 1Xbnli1n1'J?ltU b�!:J bb io1� 

'I 'I 'U V 'I 

�e'l1bfl�e:J'Uvl'U�'Ll1� 

1'l"l�bbe:J"llli11:w��1!:J�Ae:i:w1'V'l?l� b'J"ll'U (polyacid-modified composite resin) b'D'Ll1?l�Bnn�:w
�il n1 'JU 1:w  11 -if b 'U'U� b:W'U �G11vt{u n 1 'J 81i1 bA � e:i-.1 il e:i � 1i1vlt1 blil tJ i1cl1 t1N ?J:wvt� n bu 'Ll 1 i.'l lil eY li1 bb 'Vl'J n
'll'Ulil bbf71 bbfli;'lb�!:J:U�i;'le) e) 1 'Je:J'1i11'Ll-il� bn� b �e)Vl1'1N'111X bf11i1n1'JU'11i1U � e)!:J�i;'le)e) h� bbi;'I �m:w 1 'Ub:We) {

V V V 

�lJA11:IJb 'U'Un'Jlil zj'1?11lJl'Jtl?lt1'U?l1i'Ub 1Xbnli1u5n�1:J1'\f'le)� b:We) 1 Wll'U'U11il (8) '<il1n n1'J�n�11 t11Xe:i-.1unu�n1';i
'\l'l'U11 6/f b:W'U �8 lil bbtl'U f 1i1vl'U'1l'Uli1 b '\l'l � bbe:l"lllil 1:w�� 1 !:J �A e):IJ 1 '\l'l ?I� b 'J"ll'U ?l 1:IJ1';i tlU'1 li1U � e) !:J�i;'I e) e) 1 ';j li111il (9)

V 

bb'1�11X� 1 n7'J 8 lil� li1 � � n11 n '11 ?J1e:i lei 1 'U b:W e:i {� b:W'U �'tl'Lllili-.1 b�:w e:itl 1-.1il t11:JG11� (\j'VI 1-.1 ?1 � � (1 o, 11)
'Ue:Jn'<il1m!'Uil'1'\l'l'U11lJAill6'1:W'\J���'1U';i�?l'1ABnvtm!:JU';i�n1';i b�'U ilnwr161lm�vi''Ulil'1fl1fl (microleakaoe)' ' :, 

11Jbb�n�1'1'<il1n�b:W'U�'11'\l'l1flb 'J-il'U 1:w��1!:J�nm?!Le) be) 1 'Ub:We:i{mrum -i181i1bbt1'Uf lil'W'U ( 12) b 'U'U�'U
e:l t!1'11 'Jn�1:W n1';i� n�1 b U� !:J'U b VJ!:J'UA illi.'l:W'\J�'lJe)-.1� b:W'U�81i1 bbti'Uf lil vl'U b 'Un 1 ';i iJu t '1 n1 'J?ltU b�!:J bb io1� 

'I 'U u 'I 



2

vl'HJn11b'lilU:l�m��U'IJ'U(i1��M€Jfl (quantitative light-induced fluorescence-digital; QLF-D) zj�l,Ju
l Vlfl'U fl�bvl�'lJ f11111 tl�1'U11lJfl11l.Jb 1?1� �€) ?l1l.J11'1M ';J1 "\l'l"l'lJ1€Jtl 11 fl 1 u 1� tl� l�l.J lb 1f11vi'lvi tlbl!� €)�

"

'Yl 1fl 1 c.J-8'Ui1 €J 81� n €JU f111VI (i1(l€J'lJ ( 13) ?l 1l.J11 t)'lJ€) nf €J tlfl � 'IJ€J,:J f111?l rub� tl bb i61 M'IJ€J-:J �1 bfl� €l'lJ-N'U"\l1 f1 f111
" ., '

b 'U� tl 'lJ l vi tl'lJ bl?l�� fl €J €J l 1 ?l l"IJ'U ��fl vl fl� 1 uu� l 1 ru 1€J tl 11 fl fl'lJ lb?l� �fl €J €J l 1?1 l"IJ'U �'IJ €J� �1 lfl � €J u-Nu'\J f1 �
" " 

1vi c.J1€J'lJ (14, 15) blfl�6'11m1 t1tl1�1�1vi'm1 bf111�v1 rn1� t\J l� md61�'1J€J��1 bfl�e:Ju'i4u 1 u�€J�tJ 1 n�u1 cJ 1vi'

11 �.:JbbVJjnbb'!l.:J II II II 
'U'U{i] "'"" 1'BN?l:l-J

I I 
I I 
I I 
I I 
I I 
I I 
I I 

• • 

I 
I 
I 
I 
I 

I 
I 
I 
I 

n1jEJUe.:Jn1j�qjb�EIU�61�
'!JeJ.:Je11bl'l�el'IJ'WtJ

I 
I 
I 
I 
I 

"" 'A11:l-JVl'U1'1J 0'1'1J b:l-J'U�
())1Lb'thtli''U Ael �b:l-J'U��\11bb'1'l.Jf{i]�\11VhJ'IJ'U{i]�1'11

\))1Lbth�1:1-J Aa m1nTHJ'Ut'1n11�f!JL�md'B1�'1Ja'1�1

.f11�� 1 n10'Ubb'l.J1fi{i]n111�t'J

th� lfJ6U'W�'°11�111u�1�,r'IJ 
,d O .,j1 0, <, ., b" 11 � <, � q '1 ef ., ., o".1 ,d 1 � l'l"l€J'U1�flVI vl"\l1f1f1111"\ltl u '!l1,'Uf111'1"l"\l11'1J1bG'1€Jf1"1Jll.J'UM 'Uf111tl(i1blt1'lJ1vl"\J(i1y1'U l'l"l€J 'IJ1,Uf111

U €J� flUllfl� cJ'lJ t�1€Jc.J�1 'U�'U1 tl�lJ fl11l.J l� t1��€J f111 lnvi 11fl'i4'U� U€J f1"\l1 nil�fl f1111� ti cJ� 6'11l.J11t11 'Ul ,Ju
, " ' 

'LJ€J�fl 1 urn1Pimn1�m �iil�l.J�e:J 1 u1vi'
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4. Translucent zone .ff'U-d'<il��l;lfl�ru� hJ�-:i bb?M b i"l'i1�bn(?)fl1'i\Jlfl��fl'U€l-:J bbilfl'Ubsiim-1r11fom'U\9l 

bn(?)fl1'i?f rub�md51\Jlb� rn!m.1 ti'1vn mBtJ hfl�'U�t'1flmii b �1 bbt'1��fl1'i?f rub�md5119lmh-:imfl '<il� 
\J QJ , 'I '\ 'U QJ , 

a t J'�� 1v .c!il �, a  t a t .J
bvt'U'tl'U'U b(?) bil'tl(?) Vl'i0€l1'<il'<il� bilb vt'Ubt'1tl b 'V'l'i1�Q�'U'U translucent zone bbt'1� dark zone b'U'U'tl'UVI 

i:!1il1'itl'U0fl�\)fl11il'i'Ubb ';j\)'1)€),:j b 'ifl�'U�lvl ' ' 

'f .°:1 t1 
.,j <> � I I .. QJ I 

b 'i fl-v�'U� b u'U fl'i�'U1'U fl1 'iVl bfl (71 '11 fl fl1';ji;'f ru bi;4 tli;'f iJ(?)m�Vl11-:J fl1';ji;'f i;11 tlbb '551\?l b\,t'1 � fl 1 'i fl'Ufl t'1'U bl, '551 \91 
, 'U QI , Cj 'I 

b(?)t.Jbr\(?)fl1'i?fmmd51\Jlmflfl11fl1'iA'Ufl�'U bb'Ufl'Vlb�t1n0hfl�'U� b'U'U Mutan Streptococci '<il�i:!{1-:ifl'i(?) ' ' 

1 'Ufl'i1'U'<il�'UV1�8bbt'1�t'1�mmd51\9l'<il1fl�1�'U '<il'Ubr\(?)b'U'LI'i€ltlb 'ifl�'U�1'U�?f(?) flWU0-:1n'U�'U�� 2 bb'U1V11-:1 
'I , , 'I 'I 

.. .<>-j <V ..  V .,jJ'

1

o, ,_,  I .,j .. o, ,d  _; 

fl0 fl1 'it'1 (?)u '\l '<il tlvt'i 0 i:f .fl1'\'\I bb 1 (71 t'1 €lilVl b0 0 Vl bfl (71 fl 1 'i?f t'11 tlbb '551 \91 bb 'U 1Vl 1\)Vl i;'f €)\) fl €lb 'U'UVI fl1 'i b 'V'lil fl 11il ' 

fl1TI 'UleJb(?)'J\Jl, fl1'ib �ii fl1'ivt�-:itl1mt1 \, 'U'U�'U 081-:J l'ifl\911il1 'UV\1-:J'Ulj'U�8-:J hlmITT(?)1fivt�-:i� bQ'\'\11�\,'\11�'\l-:J 

1 'U flWU€l-:i n'U�'U� 1v1 tii'.:i1!'U�-:i �€l-:imPi't1vtmt11i�1ii n'U fl� 11A€l� m'i mufliifl'i1'U'<il�'UV\�81 Vlfl'U 1 'Zf i:!1m'i ri ' ' ' 

� bbt'1'U€l-:J'U 1 fl lvl� �1il nu fl1'i'LH''U'l"I�� m·rn1 'Ufl1 'i'U�bil fl €l1Vl1'i b(?) tl tl (71 fl1'if 'U'lh�Vl1'U 01Vl1 'i'U'5� bi) Vl 

J1\Jl1mbt'1�fl1nu1m(7)'5\Jl b'U'U�'U (22, 23) 

'\Alt'100 l 'i���t'11 'Ufl1'JU€l-:111'U�'U� b(?)tl�Vli;11tl-:J1'W1�tlbbi:f(?)-:J�t'11 vi'IJ'i��fl,; 'UVl'U1Vl'U€l-:J'!Alt'1€l0 l 'J(?)l 'W � ' � 

1. fl1'58U8-:im-s?fmmd51\9l (inhibit demineralization)' 

2. fl1'iA'Wrntu1,1, �51(9) (promote remineralization)

3. b�ilfl11il�1'UV\1'U�€lfl1'ii:fmm1,�51\Jl1'Ll�'U (caries resistance)' 

4. �t'18ut-:ib�€Jbb'Ufl'Vlb�tl (inhibition of bacterial activity)

,,

n1'5iui�m'51;1�1md51191 

1 
.J .fl t V I .J 1

1 
4 -=:I ( � 

'1 
_; <V 

'U?l.fl11�Vlbu'Ufli;11-:J pH bVl1fl'U 7 bb'i51(9)Vl0� 'Wfl'51'U�t'1'WV1'itlbbt'1�'U1l;11tl'<il�0� 'U?l.fl11�€lil\?11 

��tl1(7) (super saturation) 'V111 mil�fl1'5t'1�i;11tl'U0-:Jbd51�1 'W�1�'U b\,�bd0�fl1'5b'U�tl'Wbb 'Ut'1-:I pH 1 Vlb'U'W 

fl'i(?)bbt'1�bd0��1�1fl11 pH 1fl��'UeJ-!lleJ'(?)'i0flsii0�'1J11vi� (critical pH = 5.5) '<il�b'U'W�t'1'Vl11Vl�fl1'i?lt'11tl 

bb �51191€)€) fl'\11 fl�� fl le1(7)'5€Jflsii€l�'U1 l Vl�'U€l-!l bfl�€l'U�'U '\Alt'10el l 'i�b 'U'Wlel 0€l'U��i;'f.fl1'ViJl '\Al�1 b 'U'Ut'1'Ui;'f,!J \,bt'1 � ' � � 

�1'111il 111 'Wfl1'i'V11'Ulj n�tJ111'U0�\?1€JilleJ'b(?)';ib'<il'U'<il� bn(?)fl1'J'i1il\911b 'U'UleJ'b(7)'5'\Al�00�fl (HF) 1 'U'Uru� b�tl1 n'Un 

��t'1'Vl11 vi 'lii fo 1e1'lm b '<il'U'\Al0?1 b '!Al?tl0€J0'U ( HPOt) 1 'U� � fl ri rn 'IJ � tl'U fll;l'Ul 'IJ b 'U'U'\Al0?1 b '\Al ?tl€J€J€l'U ( PO/) � 

�-:J'\l��e)-:J�flWU1 bbflmsiitiiileJele)'U ( Ca2+) fl�'U\, 'LJ11 tJ1'Ue-l�fl'Vl11 Vlbn(?)fl11il\,i;'f �tl';i b(?)tlbbAmsiit1ii�1v1fue11'1 

m'<il1 fltl1t'11tlvt�0fl'i1'U'<il �'U'Vl�8 tii'.:i1X'Ufl1'';i�'\Alt'10e1 l 'i�1 'Ufl'i1'U '<il �'U'Vl�8 ii e1me1u�� fl 1e1me1flsii0�'1J11 vi� ' � ' 

1,de10i:J1 'U?li11'1�fl1'i?t{1.:im(?)'<il1fltl1\?11t'1 '\)���mru8-:im'i?lmmb �51\Jl'<il1fl��fl leJ'(?)';j€Jflsii0�'1J11 V\(?)b\il (24) � ' 
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n11i;l..:it��lln11�'1.Jniutti61�

'v'lm:ie:i 1 'JV)'Ue)fl'<iJ1fllJV>l'18Ut..:i fl1'J?l'17!:Jbb fo1\?l\il-.'.!� fl�11:IJ1bb�1 8-.'.!'V'lU11i"lG'JeJe) 1 'JV18-.'.!lJA11lJ?l1lJ1'Jtl
" ' " 

1 'W fl1 'Jb � ..:im:::mufl11A'Wfl�Ubb fo1\?l bbG'l::: 8..:JlJfl1161lmJ bb61llJV>J� fl b�lJ�ti flV11m 1:1 1�1:1 '<il::: bn� fl1'J\?l flv.J� rn Du' " 

�foe) e:ifa:::'Ll11 'VlVl [Ca10(P04)6F2J (25) bl,G'J:::lJfHU?llJ'U��1'U fl1'JG'l::!'111:111il�fl'J1v,J� fl 1e1me:ifl61le:i:::u11 'Vl vi
" ' 

[Ca10(P04MOH)2] fl"11fllil-.'.!fl�11 bll'Wfl"11n��11'1�b �-.'.!fl1'JA'Ufl�Ubb �61� bb"1::!8..:Jt..:im11,n�'JeJ!:l l 'Jfl�'U��
bfl�eJU�'U b-d'eJ�'Ubl,G'J::!'J1fl�'U (26, 27)

" ' ' A11lJ\?11'W'Vl1'W \?lelfl1'a��1 fJ U 'a61�

b�eJi"JG'leJeJ 11vi�m'.J?lnU�1'W'U'<il::! bfl�U nfi%11:::v111..:ii"JG'leJeJ 11V1flU�1bfl�eJU�'U l�!:li"JG'leJeJ 11V1'<il::! I, 'LJ1
'\J d..J '\J '\J 

1 '\_]1,1, 'Vl'U�fl�lJ1eJ'�'je)fl l61l�1e:ie:ie:i'U (OH) 1 'LI lfl'J-.'.!?1�1-.'.16/Je)..:Jv,J� fl 1e1�'Je)fl6UeJ:::'Ll11 Vl� 'v'lG'JeJe) bvi� I, 'LJ11 Ubb 'Vl'U�'<il::!lJ
' " 

� d � • • � � � "' "' "' d "' 1/ "' f1 "' •• 1 ' • I � ' d 'IJ'U 1 � be:l eJ e)'U'Vl l,G'J fl m 1 rn'1lJ bel'�'J eJ fl b 61! � b eJ e)e)'U '<il-.'.! l,fl� v.J '1 fl'Vl I,?{ tl mm fl'IJ'U bfl� I, u'UV>l61 fl Vl61 €l e)'Je)::! u1 b 'Vl� 61!-.'.!
' " 

'<i1:::1.1.�..:i1.1.1..:imnn111e1�1e:ifl61le:i:::u11vi� 1.1."1:::il�1'1Je:i..:i pH 1n��'IJe:i..:i'v'l�e:ie:ifa:::u11'Vlvi��1n11 pH 1n��
'IJe)..:J 1e1me:in61le:i:::u11 VlVl fl1'JlJ'v'l"1€leJ 11vi e) �1 'WN� flbfl�e:JU'W'U'<il :::vt11 i½il fl1'j�� b v1�!:111:::v111..:i'v'l61 e)e) 11vinu

" " " 

1e:ie:i e:iu�1..:i 6111il bb tlum fl�'W 1, tie:i..:i'<i11 n'v'l61 e:ie:i 11vi 1, Du1e:i e:ie:iu�iJ?lm'V'l1'v'l�11, Du61u?1..:ii5..:ivt11 i½ 1,n�n11���uI " " 

1:::v111..:i1e:ie:ie:iu11il� 1,1, 61 :::1, tl'Uv.J611 iX I.fl� eJU'W'WlJ?lJl1'V'lb Duv,i� n ( crystallinity) m fl�'U b tl'Uv.JG'l 11Xilr111lJ
�1uV11'U�eJfl1161:::"111:1 v15e:i fl11?lmmdo1\?l'<il1flm�mflfl11v.J�n 1e1�1e:ifl61ie:i:::'Ll11 vivi (28)' 

"' .'\1 ,:; "'• I"' ,., d,,, "' .'\1 ,:; 1 'i' ,., •• 1 � ' ' � d bflG'leJU-vi'U'lJ'U'Ue:Jfl bb61:::'<il::!lJu'JlJ1tW61�'Ue)!:161-.'.!Vlv.J1bfl61€l'Ul'J'U'lJ'U 'LI b�!:l'J::!�U YJ61€le:l b 'J�'<il:::61�61-.'.!€l!:11-.'.!'J1�1, 'J1'Vl" 

A11lJ� m:::tii'u 10-50 1lJ me:iu 'J::!tilU'v'l '1 e:ie:i 11vi 8-.'.! 1,1, U'J e'.tumlJeJ1 !:I fl 1'J�fl'<il1 flfl1'JU� 1,� 1:11 ( attrition)
" ' 

fl11{u'Ll1:::vi1uJ1�lJ�lJ'v'l61 e:ie:i bvi 1, ll'W�'U lJfl1'J�fl'lj111ilb?l'Ue:Jbb 'U:::11 fl1'J1 'U'v'l61€leJ l'JV1Vl1-.'.!1:::uu ( systemic" " 

fluoride) lJV>J61 b �ii'Ll�m ru 1 u1.r1�e:iu-wuhlm fl'Vrn�e:Jfl1'J'\J e:i..:i fl'Wfl1'J?l'111:1 bb �61\?l i5..:i� e:i..:iil fl111 'U'v'l61e:ie:i 11vi' " 

b?l�lJbQ'V'l1:::� (topical fluoride) lil1!:I
a., t Jf -=tel N�fJ'U fJ-.'.! b 'lJeJbb 'UA'Vl b 'afJ

'v'J�e:ie:i 1 "JVllJ v.J 61� eJ blJ bb VlU e:i�61ilJ'IJ€l-.'.! bb UA'Vl b� 1:11\il�-.'.!1 'U'J:::\ilU b61l61� bb61 :::1 U l €l��lJ l�!:l'<il:::lJV>J'1� €l
m:::u 1'W fl111fl61 lfl 161611 ?l'IJ e:i..:iJ 1 m '1 fl 118U t..:i be:iu161ltl � 1-.:i �'IJ e:i..:i colonization 'IJ e:i..:i bb u fl'Vl b � !:I bb61::: fl 1 'J
1;111,�1:1..:i'IJe:i..:i1,1,r1m6111:1lJ 1e:ie:ie:iu 1, Du�'U (29) 1 u?1m1:::� 1, Dum� 'v'l'1e:ie:i b�1e:iml'U'<il:::11iinu1e11�1b'<il'W1e:ie:ie:i'U

" 

"' ;!1 � 'i' •• 1 "' d � '"'· I ' " ' "' "' � " d ,., ' "" "' bfl� b u'U bel' b�'J vi� e)e)'Jfl 61!-.'.! blJlJu'J::!�bb61:::?l1lJ1'JtlN1'Ub 'IJ1 b'1l'161'1JeJ-.'.! bb Ufl'Vl b W b� blJe:Jb 'IJ1 b61l'1'1'1J€l-.'.! bb Ufl'Vl b 'J!:I
'<il::: bfl� fl1'J?l'11!:11 v1'1e11�'Jb'<il'Ule)e)e)'U bb61:::'v'l�e:ie:i b�1e:ie:ieJ'U �..:idb tie:i..:i'<il1fl pH Jl1!:I 1 'Ub'1l61�lJ�1�-.'.!fl11 pH 'Ue)fl
b'1l'1 � 'v'l '1€l e) 11 Vl'<il ::!lJV>J'1 l� !:l\?l 'J ..:J�e) 'J::!'\JU Jl11:11 'LI b'1l61 � 1,1, u fl'Vl b� !:I I, �'U 'v'l'1 e)e) 1 'JV1Vl18U t..:i I, e:i'U1'1ltl B'U e:lb61 ?l" " 

(enolase) b ll'Wv.J6111X8ut..:i n11ihJ1\?1161 b .if 1 b'1l61�bb'1:::ilv,i'11 i½?1�1..:im�1J€l!:l61-.'.! vt11 i½�Vli'IJe:i..:Jbb UA'Vl b�!:.161�'1-.'.!
(30)
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(38) 

bbJJ11�b:1J'LlM'l1'Wtil'ifrlflru?l:1J'IJ�1 'Lln1'ruG'ltiltl� mrvlmrn 11\il bbG'lt 8'U 8-:i nTrn ru b�cJ bb �51���1bfl�e:iu
'I 'ti '\J QI , 

-wu1 'Ll'W'Ll�8tilM1cJ bb'1Uf til �til-W'Ll1M bb�'<\11 n n11PI mni-:i 1 u1X-ei-:itl5'1J� n11 bbG'lt'\111-:Jfl�'W n wu11�b:1J'LlM'<\lt 11X
bb ';i-:)8\il�(il fl'U�1bfl�eJ'U'W'LlJJ1nn11 bb ';i-:)8(il�(ilfl'LJ b Vl�nn�11 fauJJ (stainless steel) b U'Ut:-.JG'IV11b 1Xbntilfl11:IJ
�JJ b Vlm'll e:i-:i n118 til �til 1 'Ll u� n ru 10 cJ � 01 t'Vl11-:i bb'1'U f vi� til'W'Ll bbG'I t� b:IJ'UM (5, 39) bb1;1 tVl 111X bnvi-d e:i-:i11 �
';i:!Vl11-:J bb'1'U -r (il�til'W'Ll nu �1'W'Ll mJJm eJ'Llb U'U ?11bVl�11X bfl(il n1';i?lt?l:IJ'1Je)-:Jfl';i1'U'<\l �'Ll'\11� � bbG'I t�t:-.J1;1Vl1 bfl(il n1 ';i' ' 

2. 1'V-li'ibbe:>6Util:IJeJ�'Vhl:llilfleJ:IJ1via�b16U'W (polyacid-modified composite resin)

1 W�bbeJ61j(il:IJeJ�VhcJ\ilfleJlJ fa�� b ';j6lj'IJ Vl�eJ fle)lJ 1 WbJJeJ1 '1n'U1lJ11 'U611Vlf'Un1';i8(il bb'1'Uf til�til'W'Wbde:i hJ

11ii1�nmJn�'Ll ci1'Utl':itneJ'U'Vl61nAeJ eJtG'liJ-1'W61l�bn�n1;11?1 (aluminosilicate glass) t:-.J?llJfl'\J carboxyl-" 

modified resin monomers bbG'ltb161!'Llb:IJb'LlblJeJ1�'\JlJ�11tlftlf1mb?l-:J (light-activated conventional resin

monomers) n1 ';i�';i1lJci1'W'U ';it n e)'\J (il� n ci 11 e) �lil1 cJ fl'Ll bb� 8� 1� bfl(il n1 ';i'UlJ �')'IJe)-:J� blJ'Ll MM1 cJtl5 n� cJ 1 n';i(il -
�1� (acid-base reaction) b�eJ�'11ff1?llil1��J1bU'W�1'W'U':itne:i'\J bb�t-1eJ�eJ11'1tlbb?l�bU'Ll�1n1tt-1'Ll bdeJfleJlJ' ' 

1 WblJeJ{bb ���1M1 tl bb?l� bb�'"J '1:!?l1lJ1';it;)�(ilJ1l'LJ11 tl1 'Ll�T1?1� 1v'i' Vl111Xbn til'U 5 n�tl1 n ';i(il -�1-:JeJ�1-:J'U1 �
tlfi n�tl1�bnvi:ff uhJ1tlf ci�t:-.JG'I b �lJflt\J?llJ'IJ�'Vl1�n1tlfl1W'IJeJ�1?ltil bb�'<\l:!Vl111Xbntiln1';i'UG'ltil'UcieJcJ'\AlG'le)e) 1-:ilil bb1;1:!

d..l , 'I 'U 

1e:ie:ieJ'U�1� � '11n�1'U'IJe)�e)�m 'U61!�bn� nm?l ci�t:-.J G'l b 1Xb U'U1?l��?l1lJ1';if fUeJ�fl'Un1';ibfltil'W'Ll�1tlf (40) '11 n
n11An'tl1W'\J11 fle)lJ 1 WblJeJTI 1Xm1mb��bb Hl�,'U6t (bond strength) ��n11 n1;11?11e:i be) b'Llb:1JeJ1'11'Wtilvr�b�lJ
(41) bb1;1t�0�11m1:1J�m Vlm (failure rate) �1��1�fl'W (42) �blJ'LlM'U';itbil'Vl 1 W�bbeJ61!tillJeJ�'\Al1cJ\ilb 161!'LlfleJlJ
'i :';l J 1 .., "" J I I fl .., bW61� 'Vl'll1tl 'Ll'VleJ-:J�mtillJ'VlG71tltl'VleJ b'l1'Ll Ultra Band Lok bbG'lt Transbond Plus bu'W�'Ll
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n1�1fl�i\l'l.ln1��'YL�uu.�s1� Lu1::n1�Fiumi'uu.�s,�'ll,Hilu t11mviF1ufl QLF

1 VlflUfln1,111111::�n,,1 �o� U.l'l�I ��tli1J1 Nlil1U n111 -uu,Hn'i::�\J -,,,�o quantitative li�ht

induced fluorescence (QLF) 1uuomvi11iiflvl'111J11 'U9ln ,11ou hflvluu 1 u,:: u:a�1JLL ,n u11:: 1 i��9111J • 

, au 1111\'lu� L iio�,i,n 'W lilO�vi1111u�u1il1ou ,� t�u 1 i u-,,,ii�ri1Lii�ul'I �vli'l11J 11 ntlii au U.l'l�vlii11111Ju1111�u 

1 u,b�ii1i1�;J1 (violet-blue light)m ::�uvlu t"ii n11 L tlii�LLi'l�'l'l � oa L ,,wauJ ,i 1ni1ui1�u,1::,h:::1n 11 
11i'1�Li'.lun1wi1u (43) 

L VI fliifl QLF !l1 l'I u-,,,ii' nn 1 'i V: wui'111J1 'i m ti ii� 111Hvlc1am1111 '!11Ji1L1>111l 11Jli n 1J-a1� (natural• 
fluorescence) \I 1niin111 tl�uuu. UMIL � li111l'U IN u1Lfliiouvl1J'il :::vh 1 M Lf'lii ou Yluu 'i11ruJ uiifl111J1111J 1'i n ' 

1 u n,, L uii�1Li'l�vl,rn ,n 'ii'l1,iui111111M �� 1v,m111J1,11nn11 n,::: 1��'Uo�1111�n, ::liluLilo,huv� L 1 ru 
• • 

viii n1,�ty L� m1 � 01� vi, 1 MUM c.i,u a� 1 t1V:, aullio,:rn i ,�, o ullio,:::wi ,�1flii avi'luua ::i ci'ortuuou M 

� �I U\J\J; 111Uvliifl1U1l1J\Jm un ,, I tlii�u.11�'1'111001 'il'I L '!I\Jil O £)0lJ1 \JOO 'i11 mfuu�L U\JtJn1J11J1nLLll�vlnOO L 'il'I· ' . . 

1 '!l1Ji1 V:<1:::viou.1 n, oullio, :::-,,, 11�1 l'lii our! 1JLLn:::1 ci'ovlu 1ii�n1, n, ::1 �� Lil oc.i1uu111 Nvliin,, �(\!1iiu u. � ;:;1� 

,rn�ih1f'lii OVWULii111i1u vi, 1 "UMli�OOL ii'IL '!1\Jc1vl,h1 nn 1 \J\J�L 1rul!u n�ll� lil�l!un, 'ifl�OQ'UO�'iOU�O 

, :::wi ,�1fliiouvluu.a:: 1 ci'owu .,,, �m ci'owu,i',� 1,;'i,au���L uu ii n.,,,ii�u ,r,Tu .{1ft'(\!vlvh 1 i11111'11111u.v1nlli1� 

'U!l�vlaOOL'ii'IL'!I\J<IUiL1N'iOUtJ11UU1Lfliiouwu\ln�1,;'i (44) 
. . 

1�u n1,1tl� uu1 viuu nutli1J1 ru LLa�vl � ou L, m '!I\Ji1'Uu�il11flii uuvlutln �'( 111u,ou'llo�, au t, fl 1)1 nn,w ri,u 

( 45) 1 ,hum 1Jffi "Ul un,, 1Lfl'i1:: � 'il::i;.,,ru1111n�n11 �fl! iii u11 � ;:;1 tii1ilaui11ruvlvi1n1w11Jll'lauiitli111 ru

Ul'l�vl�oo11l'11'!1u<1uoun11m1J1ruul'l�vl�om,,wnuc11Jil�ii11fliiouvlutln���111li�au11::: s i1ultl {46, 47)

'il1nn1,1 �!JUL viuui51� ni'i�I\! 1iim1 fo1(1)V:�11fliiauvlu �:::1,111�n1,11Jl;1u91111c1::: Lfl�o� QLF

1 ·" . ..... i1 ... , • - - ' '( • u � u .I 

1JTI\J'il1\J1'1J 13 'lSYIU1) 'U111,n:::n1fJYIVl1L\ILnP1n1,�cyLl'l!Jll'ili1� (IJ[JVl1n1'i1PIYl�illl�1!iYll1111 0, 50, 100,

150, 200, 250, 300 Ul'I:: 350 i1ll.J�P111Jli1iu Y1ui1n1,1(1Jlil1t:Jlfl�u� QLF l'111J1,nuonfl1111u91n!li1� 

'Ua�n1,an,1i;uu 151i;i�u1Lfliiauwu11o1oT�ulliii'111J�� so �,.,,,fun1,11111il1u1Jl11 u,b� 144 ,T111J�11 ,n ••• • 

11iwui11n�n,,�l\!1iimd1i1(1)�ii11P1iiuuvlutu 11P1'1u,::1,111�ii'1hN� 1so - 300 <111J1,011111,1v1ui1 

1n1Jln1,an11iivu<Jo11Jl��1u•1�uuwui1uli1u11J s �,11n 13 � u.11:ailm'liu 350 i1t1J� l'l71J1io111,1,iwu11 
••• • 

1n,in1,�cy1iiuu<Jc;111!-ilii11P1ii!luvl1Ji1uli1u1u 8 �.,n 13 � 11l11Jliui'u 111n1111n1,i-ln"1:11ti'�mi11��<11t1 

1�i, IVlflUfl QLF I tlu'io�ll71J1im1,1'i1Y1U,u!J11fll1'1Jll lu,::u::L�IJLI 'in 1c;irioun1,m1..ilii1U9'11lPIUffi1iliio� 
• 

yi,111 u€u11i1mi1� ( 4 7) iinJ�u�a 11J1, 01 'n'iLfl1"1:: \1\c;iu.Jiii 011 I ,J � U'IJ LI \Jn�'UO�U 'l li1(1J 1 \J ti� lJ11U LftnUO fJ 
• 

( 48, 4 9) ��UU1Jli1lJ11 it \J n, ,·fan111 tl�!J\JU tln�U. 'iti1\J)'Ull� ,ou hflvl\J'f LPIUIQW1::au,�t� 1 'UVl1�fl�un 

�<111J1111tl11J11 i'i11Jnun,,111,1'il'iuubfli'lu�eii1 u'i5�U.Ji1U9i1�'1 1eii 1 'liu n7'il1ln,1,;'i1uP11 ,,.,�on1,.t1Jw'a 

I \Jui \J ;� L llu'iavl�u otj 11U�11iHL,in::fl\J (subjective) 11!1 ::iH' ali 111� .i, "'{un1,1u 'ilou,au L 'ifl,:: u::: 

L�lJu,n�u�11illlV\J'i i1�tinlin1fiii'i1ou�1i1 {l 5) 'i110fllUi'IIJ���nii11'1Ju�IYlflUfl QLF vi1l"i1JIJlUYIVIU 
' . . 
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G'l 1lJ 1 ':l t:11-if lJ 1 ()'J ':in 1 ':l tYu &� n 1 ':i G'l rub� tJ bb �51()'1 bbfi � �� bG'l�lJ n 1 ':l �'Un G1 u bb � 51 ()'J'U� b 1 ru ':i'iJ tJ 1 ':l fl 1M'Vl'Ll'Vl1 �vi
'U ILi 't 'I 

6'1Vlfl11lJ'11b'U'Ll1 'Llfl1':i'U':it:1JtW'U1 'U€l'Ll1fl()'Jf1� 1M ( 14)
" 

'Ufilfil'U'U�fl1':i 'W{)lJ'U1b'Vlfl'Wfl QLF b'U'U':i�'U'U��()'J'i)f1 Vl�'iJ QLF-D LVltJ'W()ll'U11'M�'11bbG'l��J1b�'U 
' 

) 
d 

1
,., ,., ,., ' d ,., "'"' d"" 0 (h' h 

( 40 5 nm 'Vlbb fl 'U bb f1 � 'll n f1 €l � G'l � 'Vl €l 'U .fl 1 '\Al b f1 'U G'l b VI t.l 1 V1 1  tJ ':i � 'U 'U VI fil ()'I €l f1 'Vl lJ fl 11 lJ fil 1 b '\Al 1 � � � I g -

specification DSLR camera) (50) G'l1lJ1':it:11oifci1tJ.fl1'\Al�'iJ1�bn1ivhW'U1Mbb�\,)'i)-'.j'i)�1'U'M'iJ��VI fi11m!m'l1 

fl1':i 1 bfl':i1�tA-ifolJ6'1 bVI tJ m 'ti�1'U'Vl1fl1':ib�'i) n�'U�6'11Vl'fo fl1':i1 bfl':i1�tAfil1 n b 'th bbn':ilJ6'11 b �fil':iU LVI tJ 1 U':i bbn':ilJ 
" " " 

fil�'Vifil1':lru111 bnVI fl1':iG'l rub� tJ bb �51()'Jbd0u� b 1ru':l 0 tJt:-.J� fl1':if1 V16'1-'.l'U0-:i bbG'l-'.l'!Alf100 b ':iG'l b 61l'Ut'1 bd 0 b vi tJunu �1 bf! �0u 
'U V 'I 'I 'U 

W'UUn�1VltJ':i'iJ'U mnn11V1�mV11nu�0t.Jf1� 5 (46, 47) bbf1tfil�U':ltmf1t:-.Jf100nm'11'U1'U 4 r11 (51, 52)

2. �'i)l:Jf1tfl11lJ�1�'U'i)-'.i'\Al6'10€lb':i G'lb61l'Ut'1G'l-'.!G'lVI (.6.F max, %)
" " ' 

J{ d d "' ::! ' t1 "' 
( 2) 3. '\Al'U'Vl'VlbnV1fl1':i�qjbG1!:Jbb ':i'51�bu'U()'J1':i1-'.1'\Alnb61lf1 Area, Px bbf1� 

4. u�m()'J':l'U€l�bfl�0uvl'U�G'lrub�mb �51()'1 (.6.Q, %Px2) zj-:i1Mfil1nfl1':i'W1A1fat.Jf1�m1lJ�1�'U0-:i
" "  ' 

'l'llf10m ':iG'lb61l'Ut'1 (.6.F, %) Arunur11�'U��bnV1fl1':iG'lrub�mb �51()'1
'U \I 'U u 'I 

bbf1tVlG1-'.lfl1':i1Mfo'l'll�00hv1bo'\Al1t� zj�1V11MM1!:Jb'Vlfl'Wfl polarized light microscopy LVltJ�A1?llJU':it?l'Vli 

G'lVl?llJ�'Ufi (correlation coefficient) b'Vl1fl'U -0.94 bb f1� -0.90 6'1 1 Vl,r'Ufl 11lJ� n ':i €lt.lt:-.Jf1€l 'Ubb f1 �  
' 

VlG1-:in1':l-rmn()'J1lJf111il'U (53) zj-:iVlmtJm1lJ11bd0�n1':iG'lrub�mdn1()'11u�nt'U r11 .6.F �Mfil�b'U'Uf1umnt'Ll 
" .,  ' 

G'l€lV1fl�0�nun1':l�m11'U0-:i Gmur bbf1tflrut (2006) (54) zj-:i'\Alu11r11nTrnrub�tJ'!Alf10m':im61l'U��1V11MM1tJ 
" .,  " 

b 'Vl fl 'W fl QLF � fl 11 lJ ?l lJ � 'U fi 0 tl 1-'.l lJ 1 n n u  fl 11 lJ � n 'U 0 -'.I ':i 0 tJ t:-.J � 1 VI 1 M M  1 tJ b 'Vl A 'W fl transverse
' 

microradiography bVI t.l�A1?llJU ':i �?l'VlBi;'!Vl?llJ�'U fi b Vl1 nu -0.82 0 tl1�1 ':l r1()'11lJ tY-:ihJ'\Alu n1 ':i �  n'e}1 �-:i 









14 

3. bb 'll1 'L!bfl�e)-:J fl1'U�3.J�OJVIJJi1 bb 'U'U�eJ'Ub�'U ( thermocycling)
·1N8'W�'W\l110�1-:im bb -tl1 'Wbr1�0-:ir11ur1iielruVt.nil u 'U'U{0m�'W b UtJ-;;J-:JVt1::!�0ruVt.nil s 0-:iP11

'l 'l 'U 'l 'U 

b'll61b�t.lli1 l;'l�'Un'U 55 0-:JPl1b'll6'lb�t.ll;1 'i11'U'J'U 1,440 ';iel'U '.i0'U61:: 30 imvi lvit.1�'.i::t.1::'l"i'm::Vt11-:i
f11'.ili1�'U s imvi lvit.1tilvibb'U61-:J bb61::eJ1-:JB-:J'<il1nrn1Pimmrn-:i Foley bb61::r1ru:: (2002) (59) Vt�-:J'<il1f1
11'Wi-:iitJ-:i1tJh�\b'1�-:i 30 mvi vrn11t11'Vl1b�'U�im1tJn�ii'Vlvi610,r�-:i 3 n�ii1��1 t.1m1tJ1\l1�el61Jel'U' ' 

4. m::u1'UnTH�l:.l'Wbb'U'Uam1::n11btl�1:.1'Ubb'Ufl-:Jfl11mll'Wn11111ih-:i1'W'lleJ-:J'l.hn (pH cycling)
.':1 I ,;; I "" 

0 1.d O I .fl I 1 I Y�'Ubbl}161::!'l.l'U'<il::efl'Un'.i::'U1'Uf11'.ib61t.l'Ubb 'U'Uli1.fl11:: f11'.ib u61t.l'Ubb umr111iib u'U mvivi1-:i 'U'l.lel-:J
tJ1n \911t.lt11611t.lb'Vlt.lii l;'l�'Uf1'Uli11'.i61::611tl611Vt�'U'Y111�bnvirn'.ili1rub�mdn11}11'U61:: 3 r1.f-:i r1.f,m::"" ' 

35 'U1'Vl lvi ti eJ1-:JB-:J bb61::tilvi bb 'UM15f11'.i'i1161el-:J li1.fl11::1 'U'l!el-:J'U1 f1'<il1 f1f11'.i Pi f1�161J0-:J Vorhies bb61::
r1ru:: (1998) (60) bU'W1::t.1::nm11iiJ-:ii'W 2111..J

f11'.i'Vlvi61el-:J b�ii bd0'Vl1 f11'.i1 vi bli1�'<ili'U
2, V11 rn11vi1-h{0t.161::61Jel-:Jf11 '.ili1ru b�t.l 'till61elm ':ili1 b'll'UG1'U� b 1ruVtu1�1-:i'Vlvi61el-:J 1\l1�el61Jel'U bbt1'U�vivl'W"., " 

vi'1mr1�0-:i QLF-D (lnspektor Research System BV, Amsterdam, The Netherlands) lvit.1
'Vl1f11':i1bf1'.i1::1'1\l11el�1-:J61:: 3 r1.f-:ibb�1Vt1fl1 bu�t.l f11Vt'Wvi 1 m 'U 1 1'U li11d-Jl'.it11vi'W'W\l11el�1-:J1vl
hhn'W 6 -a'1lii-:i lvimbU-:JbU'W 3 '1!1-:J '1!1-:J61:: 2 -il'1lii-:i bb61::'l"i'm::Vt11-:i-tl1-:ib1611 30 'W1'VI b�el
u0-:in'Wr111ii�vi�611vi'<il1nr111iiB0'W�161Jel-:i�1vi

3. 111 fi 1 { 0 tJ 61:: 61J el-:J n 11 li1 rub� tJ 'till 61 el 0 b 1 li1 b 'll 'U � ii 11 b r1 '.i 1:: i,, n 11 n '.i:: '<il 1 t.1 'LJ el ii 61 l vi tJ 1 -if li1 � �
'U V 'U 'lJ 

Kolmogorov-Smirnov test '<il 1 n11'W1 'U f11 '.i1 bA 11  ::1t1r111 ii bb tJ '.i'U 11 'W'Vl 1-:i b� t.11 (one-way

ANOVA) b � 0 Vt 1 A 11 ii bb l}1 n � 1 -:J  '.i:: Vt 1 1-:i 3 n tj ii bb 61 ::1-if Tu key's Honesty Significant

Difference (HSD) b �0Vt1m1ilbbl}'lf1�1-:i'Vl1-:ili1��1 'Wbb�61::fl lvit.Jf11Vt'Wvi':i::\il'UUmh·i'ru� 0.05
" ., 
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' 
.,. 

'U'Vl'VI 4 

'11 nn111 bfl11���"'Vl1..:J?l'1��Uf11 btl� ti ( H11'U b �ti..:! b U'U:1-J1(,mi1'U) 'IHl..:J ri1fat1" �fl11llvl1..:J'U el..:! 
.... 

w"eim 1?lb'1l'U'1U�b1f;UvtU1vl1..:J'Vlv1"el..:J b vit1unu�'J�'Utln�1vit11eiu bb?lv"l..:J(il..:J(,)111..:J� 1 bb"�b�tl1bfl11��n11 

m�'11tl'LJm.m 1vit1H'?l�� Kolmooorov-Smirnov test �u11iJn11m�'11tl'Utl..:J'LJmrn b'Liutln� (normal 
" � " 

distribution) b�tl'Vlv"l?lvuv11t1?1'1� paired t-test (p=0.514) bb"�'11nm11bm1��fl11mbtl1tl11'U'Vl1..:Jb�t11 

(one-way ANOVA) �Ufl111Jbb(,)nvJ1..:i1�vt11..:i 3 n�ll'Vlv"l"v..:iv�1..:iiJum11A(Y'Vl1..:J?l�� (p < 0.001) 'UB ..:J 

f111€l tl"�fl11llvl1..:J'Utl..:JW"tlelb 1?lb'1l'U'1U�b'JruvtU1vl1..:J'VlVl"el..:J b�elb tl�tlUb vi tlUflU�'J�'Utln�bVltl1€JU b�tl 1 oif 

?1'1� Tu key's Honesty Significant Difference (HSD) b �€lvt1fl111Jbb(,)nv11..:iV11..:J?1'1�1 'Ubbvl"�� �u11n�ll 

HBG bb"�n�ll UBL lJf111€ltl"�fl11ll�1..:J'Utl..:JW"tlelb1?lb'1l'U'1Utltln11n�ll Control B�1..:iiJum'111'ltU'Vl1..:J?l'1� 
, '\J , t.l 

(p < 0.001) bb"��u11n�ll HBG ilri11vt1"�m11J�1..:i'Uv..:JW"Bm 1?1b'll'U'1Uv t1n11n�ll UBL v�1..:iiJ 
, " ' 

um11A(Y'Vl1..:J?l�� (p < 0.001) vi'..:ibb?lvi..:i1um11..:i� 1 

�1'1J1'1J fi1Lu�t1 (Hbmdt1�b'IJ'IJl11v1-s�1u) 
n�ll'VlvlfteN 

vi'1e1th� 'tlel��elt1ft::r111l1�1�'Uel�Yl�eim -sm'll'IJ�(t.F, %) 

Hy-Bond Glasionomer ex
®

10 0±0 

Ultra Band-Lok
® 

10 -7.12 ± 1.80

Control 10 -14.87 ± 5.12

., ., 
I I c::t V O V .qq I q < 'V V V 

m 1ll bb(,) n(,)1..:J €l ti 1..:Jll'U ti ?11 fl (Y'Vl 1..:J ?l fl(,) 1 �vt'J 1..:J fl 111 bfl 11 �vt'U tllj"'Vl ..:J ?l tl ..:J fl 1..:J 

Tukey 

HSD
± 

A 

B 

C 
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d 

'U'Vl'VI 5 

U'Vl1�1'HU bb���·rt.J 

'U'VI 11il 1'H\J 

fl71f\ mflilb 'U'lJfl11f\ fl�1i:-Jl;'l'1Je)--'.i�bjJ'lJ(?)8111bbfl'Uf �w'lJ'll'Lll11 fll;l1i,'lle) fa b 'lJblJeJ{�blJ'lJ\?l'll'Lll11�'1 b�jJ bbl;]�
L '\Al� bbe:i'll111l-le:i�vJ1ti111fl e:ilJ L '\Al�� b 1'1ltJ � e:i m1t1u 8--1fl11i,'lrub� mb �51��'11 e:iu'lle:i--1 bbt1uf 111ii1tJ 1111ti11111-h{e:itil;'l �

'\J V ' 

'1leJ--1 fl11?1ru b� tivJl;'l e:im 1m61ltJ� u�b 1 ruV1ti'1�1--1V1111l;'leJ--'.i b vitiunu�1wmJ flvi1111ti1ffu b�eJ�li111ru1ww;11mh--1
'U V 'U 

'UeJ--'.l'Vltl 1�1'1Vll11l;le)--'.i'Vl�--1 �1'lJ m�'U1'lJfl11lil 1 l;'l eJ--16'lfl11 � fl116'lru b� tlbb �51 � bbl;]� fll'j fl'lJ fl �'U bb �51� �'1�1i111 flJ 1
\J V '\ 'I 

� ,, I O 1 I • I d "" 1 !;"I t J' 1 ,, "' .., I • I ".'1 d"' 1,11111 fl 1�'\J1 'lJ fl 111il 1 l;'l eJ--1 Ml11 � 'lJ'll eJ--1 u 1 fl 'VI bl;'l eJ fl 'll 1, 'lJfl 1--'.l'lJ fll;'l bfl tJ --1 fl'U6'li111 �'ll eJ--1 u 1 fl'LJ eJ--1� u1 tlVllJ
m 1m� ti--1 ?1--11 tJ fl11 bn111wtJi:-i fle:iil m11,'l rub� mb �51�m fl fl11 fl11 fltJfl� u bb �51� zj--1 b Vim�� e:i m11-iffl fl�1

\J '\ '\J V '\ '\ 

'll 1��V15 .n 1'\Al'1l 0--1� blJ'lJ 1?18111 bbfluf 111wtJ � e:i fl 11 t1u 8 --1 m 1 bn 111 m 11,'l rub� tJ bb �51�'1leJ--1 �1 bfl� e:iuwtJ 1 tJ�th tJ
'\I V '\ '\J 

, d"' d 
1 

"' ,":1 
fll;'l:\JVllJfl11lJb6'l tl--16'1'1 'lJfl11 bfll11-v�'lJi:-J 

' 'U ' 

i:,,Jl;l fl11Vll11l;'leJ--'.ibbi,'ll11'11 �b �'lJ11 fl�jJ�8l11bbfl'Uf 111W'lJ\?11tl HBG mm1fltJ'U8--1fl11bfll11fl716'ltl).b�md51� 
, \J ..,  'i 

� � 1 bfl � e)'IJ W 'lJl\?l l-11 fl fl11 fl cil-1 UBL bbl;]� fl cl jJ fl1'UfljJe)81--1i1 i! tJ � 1 fl flJVl 1--1 i,'l � vi zj --1'\Al 'U 11 i,'l e) 111 fl i eJ--1 fl 'U
'I 'I '\ V 

;;! d , d 
O 1"' "' ::i , .,. "" ,":1 d , .., ,":1 ,, ,, 

fl111"1 fl�1Vli:-Jl'lJjJ1 ( 61) Vl b u'Jtl'U b Vltl'U fl 116'1 ru b61 tJ bb 151 �'11 e)--'.li:-J1 bfl l;le)'\Jy�'lJV1'1Je)'\Jl;l1'1'1l eJ--1 bbfl'IJ'j 111-v�'lJ\111 tJ fll;] eJ--1 
'U V ' 

lill;'lVl11f'1U'll'Ll111bbi,'l--1 L '\Alm 11i Vl�'11il1fl8111 bbt1u{111wtJ1?11 tJ flmi,'l1e:i 1e:i 1 ml-le:i{�bl-ltJl?l'll'Ll111�--1b�lJ bbl;'l� L '\Al� bbe:i'll�-

jJ1flfl11 b '\Al� bbeJ'lll11l-leJ�vJ1 tJli)fle)jJ 1 'jllj��b 1'1l'lJ eJ81--'.li!iJtJ�1fl'1JV11'11,'l�vi �'1dl()1flfl71f\fl�11 tJe:i���--1flflJi,'ljJ'IJvi
1 'lJ fl11'Ul;'l 111 'l.lci e) tJvJ� e) e) l 1111'11 eJ--11 i,'l ��--16'1 eJ--1'1l'Lll11 (5' 62) '\Al'IJ11 fll;] 1 i,'lle) 1e:i b 'lJbjJ e:i{� blJ'lJ\?l'll'Lll11 �--1 b�jj
i1m1l-li,'l1m1t11 tJ m1'l.ll;'l111'l.l�e:itivJl;'le:i e:i l 'J 111'11?1mflfl111 Vi� bbe:i'll�l-le:i�vJ1tJlilfleJl-11 '\Al�� b 1'1ltJ eJ81--1i11!ti�1fl ru

'U V 

vi1--11,'l�vi �--1 i:-Jl;'l 1 � fl11M fl�11 tJflf--1d i,'l1m1t11111 fl711,'l rub�tJ'\fJl;'le:im 16'1 b61ltJG1'1leJ--1 flcilJ HBG ll?ltleJtJ fl11 UBL
\J V \J '\ 

bb6'l111--11 � b �tJ11 HBG ilfl11m Vlm�?l:!J1 tJ fl11 b�eJfl 1-if b 'UtJ� bl-ltJ\?18111 bbflU{�wtJ11?1� fl11 UBL 1 'lJbb�'1l 0--1
fl11:\Ji,'l1lJ11fl 1 tJfl11tJU8--1m1i,'lrub�!'.Jbb �51���1bfl�eJ'UW'lJ

'U V ' 

eJ81--111n�1lJm1V1111l;'le:i--11 tJflf--1d '\Alu111 'V'lfabe:i'll111l-le:i�vJ1ti111fleJlJ 1 'V'l��b 1'1ltJi1 fl7'5�'1J b�tivJ�e:im 11,'l
b61ltJ�ti' e:iti fl11 fl �l-lr11u fll-leJ81--1i1i! m11 fl ruvi1--11,'l �vi bbi,'l 111--11 � b �tJ111 '\Al� bbe:i'll�l-1 e:i�vJ1tJ111fleJl-11 '\Al�� b 1'1ltJ i1

' ' V 

fl11lJi,'l1lJ11fl 1 tJfl11U eJ--1 fl'lJfl711,'jflJ b�tl bb �51���1 bfl�e)'IJW 'lJl\?l b 'U'lJb�tl1 fl'lJ bbl;]� b�eJ�lil11flJ1�'1fl711-if--11tJ
'U V ' 

'\Al'IJ11 fll;'l16'lleJ fa b'lJblJeJ{�blJ'lJ\?l'll'Lll11�'1 b�jJ'U1�fle)'\Jl 'U\?11tl �1'lJi:-J--1 bbl;l��1 mJ1 rn 'U--11'lJ\YleJ'1m--1 bbl;'l�i:,,Ji,'jjJ
'U 

1 VIL\?l�bjJ'lJ \?)� b VllJ1�1,'jjj�1Vl{'U m1H--11tJ (l)e)--1101 �1 i,'l111bn111'lln n� tl1fle) \111 e) 81--'.l'Ue) tJ 4 mvi b �e)--'.lliJ1fl11,'ll11' ,,I ' 

i1m1l-111�0fl11i,'lrub�mJ1 bbl;'l��111J1 �--'.i(l)eJ--'.IVl�rn�ti--1hl1 �G1lJe:i'?1m1:\J(tJ zj--1b 'UtJi,'l1b Vl�vh 1 �1?11111:J bb �--'.lbb 1--1
'\I V \J 'I 'I 

11?1 (36) �1'lJ L '\Al�bbeJ'li111lJeJ�'vJ1tJlilfl eJlJ L Vi�� b 1'1i'lJ b 'U'lJ�blJ'lJ\?l'll'Lll11Vll;leJl11 b� tl1zj--'.ii,'l�m fl� eJfl711-if '11'lJ fl1�111 

'U(1JV11 b� tl1 nu fl11i:-J6'llJ 11i11:J fll;]jJ fl�'lJ i,'l1lJ11flU'U�bjJ'lJ\?)�i1� fl�flJ�� e)'lJ'U1'1Vl'Ul11 b 'U 11 'lll?l1'lJ 1 tJ'LJe)--1 bbtl'U f 111W'lJ
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11'1�11:J bb��?l1ll1'H1'V111 ½Lb �.:i!K11�v11l'Jn111 'liLb6'1.:Jfl'i�lll'W Vil;l.:J'11 nlL �.:ii1Lbi;111G'i\iH'f1ll1'imn(fltlnn�t.l1n'ivl -
' ' ,..J 

�1.:J0V1.:J'U16l l,l,fl�'LlflvJU�f.ltl'\l'J�0011��'il1tl 1 um'i'UeJ.:J nim11�t:yb�tJLI, �611'j'!Jr.N�1bf1�€J'\J'W'We)e) m.n 1vi' ( 40)
lil1fl fl1'i9'lll�1�� 1'WllT\lflJ1116'1\il�1'VIJ':J n 1 'V'lfiLL06!]WJ1J0�'V'hl:l�f'le)l] 1 'V'l�\91 b 16!lt!1 ½f'l11l.lbb �-:m 'i.:Jiim�

' 

(bond strength) ��n1111f11a1eJ 101 mirn{'l1ilW1i-:i1,�11 (41) u011'11m!mY.:iv- ru11 nl;l1a1e:ifo L'WLlleJ{<ilbll'U�
'l1il t,1vY,:i b�llil n1 'i4'1�11'i�V111.:isilL11u � LLl;l� 1,muf i'1'Wtl 1,1,i;l �1�vi11.:isil bll u� bL�� �1 Lfl�eJ'UVh.1m nn111 'V'lfi 1,1,0-
6!l v111 '€)�'\l'h eJ\91 f1'€)1] 1 w� \91 I, ';i6!]'W mh.:iiiuc1 ?hf1 ill'\111.:J a�vi �.:i b tl'Wa 1 L  Vi\'11� €l'Hl'Vl11 ½l,f)(fl fl1'i?l� i,'flJ'!Je)-:J m 1'U

� ' 

'1 fi'W VI� tJVi�BbnWl 171 'i?i ru b�l:JLL �61\'II �N 1 L ri � el'\J'W'U 1111 � el LUl'\J t�'W'U�Un 11'1' 1'1lll'!J e.M6Ub:W'U� �U 1'9i' ( 12)
'i � � 'i 

'Vl'W\91LL 'V'IV1tJ�.:il)\'eJ.:i��11ru1�.:iu�� 1:J#f .:in�111 'Wm'i L�'El n 1 i�Lll'U"1'11vrtu�W1LLt1'U-Sl'fl'W'W 1 'W�th tJ bWll;l�'i11:J'911 l:l 
1,1,if 11mw111lil'ieJ1:J b 'ifl'W'W�G'l1m'it1V11111i�1cJ16�'W!1'W�1.:i 61 L 'llu 01'i(,)11�v111:J\'111 Vi�Bfl1'iG111�a

d]Ulll'U bb(fl I, tl'W16��'\,J 0� nutH(fl Lb� l;l�A'U (subj' ective) bl,l;l �:U'U'€J'i11 fl \il'11Vi'S'\J ll1'i1'U �UeJ'Hl tJ 1 'iA 'i�tl�
'\l '\l 

b�:Wbb 'ifl�8.:ihle,JLtl'W'i �,:j�l;l 1'!Xn111il�ul:l�1'li11� ( 15) I, Vlflilfl QLF I, tl'Wfl1'i\'ll'i1lil'iell:J b'iA'WtJ�©nLVlf1ilfl
' " ' 

,J d ., ::i ' d,. "' .";1 1 " 
• I" ,. ' •• 1 "Vit.!.:J "l!.:JG'l1111'it11(flfl1'iG'lillb61clbb 'i61\'ll'\11�1bfl�€J'\Jl'�'U (fl�1flfl1'H u'il:J'\JI, 'Vll:l'Ufl111Jl,l,\'llll\'111.:J'!J0.:J nmrn b 'iG'lb"l!t.!G'l

'll QJ 'i 'll 

u � 1, 1 ru 'i mJN Lbfl� N11,r1� e:iuvlutln�1i'11:J 10u 1,1,i;l� L tlm V1r1u A�4'111l1'i t1wa1 � wu101:J 1 'ifl'WUe-J 'Hm � b�ll bb 'in 'l�
' '

fl'€)\,! f11 'i l>l 11 � �1 tl l>l1 ( 4 7) vh 1 ½'VIU � LL 'W'\116 G'l1lJ1 j ti 1 'llml>l'.i 171 '.i 81.J & ,:i f)1 'ii.1 rub� l:J bb i 51 \91 bb'1 � ci.:i bG'l�ll
'\l .., ' 

fl1'.i�'Wfli;l'\JLb �61(9J'\J�b 1 W'i0tl b '.ifl L\il'Vlt.!'V11.:JVl l;l\ilfl11ll'<ii1L thi1 'Ufl1'i\j'.iW�'WU1 'U0'U1f1\Pl ( 14) 'U��'U'WlJ
ni'ii�m b tlm�uu M �r;i0fl (QLF-D) bbfltG'l1m'iri 1oifviv11'11111 fl11b tl�mm '\J�.:i'l"l�0 m 16'1L61Jt.!�'!J0-:i101:J 11fl
,,I • I "' ;'i .. .. .., I ,d.,. "" .";1 "i' � I ,., 0 .";1 .., ' "" fl ,,I .. b 'V'lel u'.itbll'Wf11'i�t:yb61tl'Vf'i€ll71'if1tml;l'\Jbb 1611'j'Vl�11,fll;l0'\J1/l'L.! bli11:J bll\'110.:J'\111l;l1!:J11Umtitl1-:J �,:JL ut.!Lfrrn.:im:i

�i.11ll1'it1'U j�l:J n\'111 m 'U-:J1UVl'U\Plf1'i'ilJ'U0.:Jfl'U'11VifoNU1tl L� ( 14)
' � 

�1 n m'if'i n�1�v-ht.!:wTwu11 1-11 f11'ii.'1rub�cJ'\l'Jl;l 0 m 16'1 L61J'W61�11i1�1 m VIA'Uf1 QLF iJA1111i1'iiim1
� ., '\l 

' ., • 1d • I I J,, .. .";1 d., 1.,., .. ' d' h ,.J €ltl1,:J:lJ1flll'Ufl1'ibuflcJUbLu�.:i1,1,1n1�'Vle-J1bfll;l01J11fU'Vl1vl l'flli111:JbVlf1t.!fl transverse m1crora 1ograp y t.:i
1, tlu1i:w 11>1·rn1mhvifo1(fl n11L tl�l:JmL tl fl.:J LL �01r;i'll0'1�1 LA�0u-wu bli1tl1JA 1G1iitl1d1'VliG1V1G1:iJi'Ufi

� ' 

(correlation coefficient) L'Vl1f1'\J 0.82 (54) Lbi;1��1n1111f'ln�11'U1€l1:J��1uuv1b�l:l1'\"l'U'J1 QLF il1-11
' 

m111b (sensitivity) b'Vl1f1'\J 0.68 bbl;l�f\1fl11lllil1b'V'l1� (specificity) b'Vl1111J 0.70 dj€l'Vl1171'if!117�1
r1ruaiiuvim1m�mt'U (reliability) 'lleNb'VlA'Ufl QLF bl'fltll71'.i'W1'Uelllfllil1flfl1j1bA'i1�'1,fL�m,nfh61l.J'U'i��'Vli
' � 

i.'1Vi'1:lJWtJ fi'll0.:Jf111m�e.n!trn1tJ1'1.J�'U'i� Lil'W (intra-examiner reliability) il1-111,Y11nu 0.93 bbl;l�
ilr11a1JU';it �'Vlil:1vtal!Wt.!fi'!J 0'1A11ll b zj0Jm�Vi11.:J�'U WblJ'\,J (inter-examiner reliability) llf\11, '\11111'\J 0. 92
bb?ll'fl'111L'Vlfl'Uf1 QLF ll�W?lll'U�1t.!fl1'.i11i1J1 (repeatability) bb'1�L'tXN6'lJ1 (reproducibility) L�� (15)
�.:i b Vill1�?tl.lcl'1wfon1'itl1m�n-i;11 t1rrf-:id

fl1'i1 li1�'U�'\ll(fll;le).:J�1 l:J b 'Vlfl'UA QLF-D \))e).:J �t,111.:iiu� 1'U\111 '€J � 1.:i1 ½�UN1Jf .:iu1 llfl'Ul;11m\' €),:J
zj.:i �1 �l:.l a1m 1t1�� (?)1bL V1tl..'.l�t.!N1'lJ0.:i�0�Viu 1Vl 1�'\ll\ilfl o'11 'IX Jf "lu 1 n nu1;11LL?i-:J"cl 0-:i nf10-:i 1� LL fl� n1V1u li1
'i� tl�1,h.:i�1 ni1 flfl €).:J b vhnu 1 t.!'Vlfl r1?-:i�'Vl1 fl1'S1\il im1'ULb�fl�� �.:J?f 1ll1'.i fl b tl� t.11.J I, Vltl'I.JA1 fatJfl� f111l.J�1�

' 

•• , .. I d.";1 � ., I ' 0 .., ., ..i .., 1 "'J/ J,, "' ,";1 '!J0-:J n�Bm jG'JI, "lft,!?{';i�'\.-111.:J"l! TIU blil 0 tl1.:JbblJUt.11 bbl;l� fl1'i1(fl'i01:J�\'11t.lbfl'i '€),:j QLF-D \'110-:J 'll'W'U'\11�1 b1"16'Je)'\Jy1tJ
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• I q'i' d1 I"" "" I d • 1"" "" I •• 1 
' I t ,Jf d 

u nM b� ti ';je)'\J 'Vl :w:w n 1 ';ii.'1 ru bi.'1 ti bb ';i51 M b VIJ e)b u ';i tl'\J b 'Vl tl'\J A11:W M 1-:i'LJ e:i-:i VI� e)e) b ';i i.'1 b'1J'Wi.'1';it'\1111-:i'Vl-:ii.'1 e:i-:iVIJ'W'Vl 
'U V "I '\J 

n1 ';i'\ll(§lr;rn-:id �-:i e)e) n bb uu1 ,½'1ie:i-:iV1u1�1-:i��'Wth bA� e:iuv1utJ n��1�� nl';ii.'1 rub�tlbb �51M lMti';ie)'\Jzj-:i bfl�e)'\J11 
" ., ' 

\il1 m11t11'Vl1 b�'\J 0 n.;(-:i�n1';i'\J1 rn1(\j� n�ru�1wfo1 'UeJ1-:i0-:i'1le:J'\Jb '1JM'1le:J-:i'Ue:i-:iVIU1�1-:i b �e) 1,½ni';i b�e:l nf1'W� 

�1wru�1'WA1'1n'oJ1fl\§le)�buVIJ1t�'W��Me:l-:in1';i bb��1�r1W'\JA�:W�'W�zj-:it1n�M\il1tl�b:W'W�zj,:ie)1'<i]�v,m�e:in1';i 
'U '\J "I 'U 

• Id • I •• 1 � ,., 0 1 ,., 
I d1 ,., q 

"" I •• 1 
' I ,Jf d 

b u�tl'Wbbu�-:i'1Je:i-:i n�e:im ';ii,'1b'1J'Wi.'1 bVl '\111 VIA1'Vl MbnM'<il1nn1';ib 'Vltl'\JA11:WM1-:i'1l e:i-:i vi�e:im ';ji,'1b'1J'Wi.'1';i�'\1111-:iVIJ'W'Vl 
" " 

nmi.'11e:i te:i t 'Wb:We:i1�b:W'W�'1l'WMvt-:i b�:W bb�� t VIJ�bbe:J61iv1:we:i��1tl�fle):W t VIJ�Mb ';i6/l'W i.'11:wl';i'11.Je),:j fl'Wnl';i 
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