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Monocalcium silicate (CS) includes calcium and silicate-based materials with bioactive 

properties that influence cellular biological responses. Many studies attempted to improve the 

biological properties of glass ionomer cement (GIC) by adding bioceramic materials. The 

purpose of this in vitro study was to evaluate biocompatibility and biomineralization capacity and 

cell attachment of human alveolar osteoblast on glass ionomer cement, containing 50% w/w 

monocalcium silicate cement in 1.7:1 powder-to-liquid ratio. The methodology used human 

osteoblast, derived from human alveolar bone. The biocompatibility of glass ionomer cement 

containing monocalcium silicate (GIC-CS) was used to determine cell viability and proliferation 

after exposure to material extracts from an MTI assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide). The optical density (00) was measured by a spectrophotometer at 570 

nm. The cell attachment was investigated with a Scanning electron microscope (SEM). The 

measurement of calcium deposits in the biomineralization assay was tested by Alizarin red 

staining. The results revealed that there was no significant difference in terms of optical density 

between the initial setting and the complete settings of the two materials (P>0.05). The 

nondilution group of GIC-CS and MTA appeared toxic when compared to other concentrations, 

for example on the third and seventh days (P<0.05). GIC-CS could increase cell proliferation 

significantly on the first, third and seventh days (P<0.05). MTA could enhance cell proliferation 

at all time points, but there was no significant difference between the first, third and seventh 

days (P > 0.05). On the third and seventh days, the cell viability of GIC-CS were significantly 

higher than that of the MTA (P<0.05). The scanning electron microscope revealed cell adhesion 

and spreading on both GIC-CS and MTA. Both materials had the capacity for biomineralization. 

In conclusion, GIC-CS and MTA had good biocompatibility for human osteoblasts and 

demonstrated great potential for the development of an alternative root-end filling material. 
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.n 1 vnJ 'a~ n 'el 'U 
IV 

'VI'W1 

16 '6f m~ru~fl1 J'~'f)~ ~ (?I~'f)~~"1l11'W bJ'(?I Jl1tJVf'6f_:J b"1l~ ;~~1_:J fl J'~(?I fl1~f'IJ fl1 J'flJ'~~'W 
OJ q 

~'JtJ~1J'~n(?l"ll'f)_:Jrj~~ bU'Wb'J~114 rj'W. (A) rj~~fl~1~1'f)b'f)b'Wb~'f)f~lh~'W~~~ 

b~b'Wbbf1~b~tJ~~~bfl~e.J~~(B)rj~~b~~Vlb'f) (C) fl~~m'IJ'1~'IJ'Jfl (0) fl~~f1'J'IJ'1~~'IJ... 32 

'" 
17 '6f m~ru~fl1J'~ (?I ~WlJ'f)_:J b"1l~;'IJ'W~'We:J'J"lI'f)_:Jrj~ (?IJl1tJ1~fl~'f)_:J'"l~VlJ'J'~11~ b~fl ~J''f)'W 

q q 

bb'IJ'IJ~'f)_:JflJ'1 (?I (1 OOOxL...................................................................................... 33 

18 '6fm~ru~fl1J'~ (?I ~(?I"lI'f)_:J b"1l~;'IJ'W~'We:J'J"lI'f)_:Jrj~ (?IJl1tJ1~fl~'f)_:J'"l~VlJ'J'~11~ b~fl ~J''f)'W 
q q 

'" bb'IJ'IJ~'f)_:JflJ'1(?1 bb~~~'IJ crystal-like deposition 'IJ'W~'We:J'Jrj~~ (5000xL................. 34 

'" 
19 '6fm~ru~fl1J'~ (?I ~(?I"lI'f)_:J b"1l~;'IJ'W~'We:J'J"lI'f)_:Jrj~ (?IJl1tJ1~fl~'f)_:J'"l~VlJ'J'~11~ b~fl ~J''f)'W 

q q 

bb'IJ'IJ~'f)_:JflJ'1(?1 ~'IJ filopodia "lI'f)_:Jb"1l~;(~fl~J'bb(?l_:J) bb~~~'IJ crystal-like deposition 

'" 'IJ'W~'We:J'Jrj~~ (5000x).......................................................................................... 34 



.d 
'U'Vl'Vl 1 

o 
'U'Vl'lJ1 

" , 
b1J1'VI~'ltJVli n"lJ'fl'l n'lJ'fm~n ~'tl'fl'lJ''l nYf'W~'fl n'l J'1J'fl'l n'Wbb'tl~fm~n n'l:i''fJ n b~U"lJ'fl'l b U'fl btJ'fl 

:i''flU:i''ln'0f'W (apical periodontitis) ~'l bU'WeJ'tl'"l'lnn'lJ'~!?'Ib~'flb 'W~'tl'fl'l:i''ln'0f'W b'WVI'tl'ltJnntl'\f'lU~'l b~'fl 
Vi'l n'l:i'fnM'l ~'tl'fl'l n nYf'Wmh'l ~ bb~'d n~'l~'l:i'{;l~U ~'J'l~~~ bVl'tl'JJl'ltJVli'l n'l:i'fmj-'l Hi b!?'ltJnnu 

~'ln~'l'J'fl'l'"l~'"l'l:i'ru'lVi'ln'lJ'fnM'l ~'tl'fl'lnm~r'W"f'l (root canal retreatment) Vl1'flVi'ln'l:i'fnM'l ~'JtJ 
~jhh~!?'I u'tl'ltJJ''lnYf'W n'l:i'eJ'l ~!?'Iu'tl'ltJJ''ln'0f'W~nvh b 'Wnnu~1dJ~'l~'lJ'{;l dhVi'ln'l:i'fm~n ~'tl'fl'l 
n n'0f'W.f'l ~'JtJ~fi'fl'Wfm;1,~ bti'fl'l'"l'l n n'l:i'~ b~'fltJ'0f'Wbb'tl ~~J''fluYf'W ~'l'fl'l'"l~ ~'J'l~ b~tJ'l~'"l ~bn !?'In'l:i' 

q 

bbl?l n"lJ'fl'l J''l n'0f 'W"lJ ru~1'fl b 'Wn 'l:i'eJ 'l ~ !?'IU'tl'l tJ n n'0f'Wu'"lr.rtJVI~'l ~ ~'l eJ 'tl (?]'fl'fJ l?I J''l ~ 'J 'l ~ ~ 'l b'f'"lb 'Wn'l:i' 

eJ'l ~!?'IU'tl'ltJJ''lnYf'W ~'fl rr~ !?'I'fl!?'l~'fl'Wu'tl'ltJJ''lnYf'W ~ru~~U~"lJ'fl'lrr~ !?'I'fl!?'l~'fl'Wu'tl'ltJnnYf'W~~ 1~bbfi 
q q q q q 

2/ I iI I 

b U'fl btJ'flJ''flU U 'tl'l tJ n n 1dJ bU'W~ 'l :i'n'fl ~ ~ b'f'l ~ ~'J'l~ b~h n'W1~ nu b U'fl btJ 'fl J''flU U 'tl'l tJ J''l n '0f 'W 

(biocompatibility) ~ b~'t1tJJ' Jl'l~ b~'l~~ (dimensional stability) ~'J'l~~'W1dJ~'l eJ'tl (?]'fl~'J'l~~'l~'l:i'{;l 
b 'Wn'l:i'1J'fl'l n'Wn'l J'*'J6] ~"lJ'fl'l rr~!?'I H'l'l'W~ 'ltJ bb'tl~~ ~,;)'l~VlUf'l ~(1) n'l:i''fl !?'I~'fl'WU'tl'ltJJ''l n'0f'WVi'l b ~'fl 

q q 

b~~ b~~"li'fl'l~'l'lb 'W~'tl'fl'l ~'l nYf'Wbb'tl~bn !?'In'lJ'u!?'I eJun:i'~VI~'l'l ~'tl'fl'ln n'0f'Wnu bti''fl bm'flJ''flUn n'0f'W rr~ ~ 
~{;lmb'W~.w'lb~b·iibu'Wrr~!?'I'fl !?'I~'fl'WU'tl'ltJ:i''ln'0f'W 1~bbn 'fl~~'tln~ n'tl'l~1'fl b'fl b'Wb~'flf~ b~'Wi?l ~'l (P)'fl'fln 

qJ q q 

1"1ll?1tJ~'W'fl'tl 1'fl'fl'lfv~~ "1lbtl'flf~Ub'fl b:i'~'W~'fl~b~~l?I bb'tl~b~~Vib'fl (Mineral trioxide aggregate: 
qJ qJ 

I iI I iI I 

MT A)(2) bU'fl'l'"l'l nrr~!?'I'fl !?'I~'fl'WU'tl'ltJJ''l n'0f'W~n'l:i'i~ er~ nu bU'fl btJ'fl bb~'l bb'tl~bU'fl btJ'fl'ei'fl'W"lJ'fl'l'flrrtJ'J~m 
q q 

" , 
b U'fl btJ'flJ''flUU'tl'ltJ J''l nYf'W(3) 

U'"l'"lU'W~ n'lJ'-w[?,J.,J'W'lrr~!?'Ib 'Wn~~1Ub'fl b"1ln~n (Bioceramics) ~'l VEb 'W'Vl'l'l n'lnb~'Vl~bb'tl~ 
q q q 

iI I iI I 

'Vl'l'lvl'Wl?In :i'J'~ b!?'ltJrr~!?'I n~~tJ~ ~ ru~~u~Vi~ ~'J'l~ b ~'l fl'W1~ flU bumtJ'flb 'Wi'l'l n'ltJ 'fl'l (P)U:i'~n'fluVli n 
q q q 

eJU'l ~ 'tl'fl'l n n Yf'W ~ eJ 'l'Wn 'l:i'~!?'IU 'tl'ltJ n n~ ~(5) ~:i''l tJ'l'l'W~ 'l~ U n 'l J'~ ~~~ "lJ'fl'l b~ ~ 'flU n n'0f'W 

(cementum) tin ~'6'l~-i'W~'d"lJ'fl'lrr~!?'I b~~Vib'flb~'flb·]hu'Wrr~ !?'I'fl!?'l~'fl'WU'tl'ltJb'WYf'W~U"lJ(6) Torabinejad 
q q q q q 

bb'tl~~ru~ b 'WU 199i7
) Vi'ln'l:i'~nM'ln'l:i'l?I'flU~'W'fl'l"lJ'fl'lbti''flbm'flJ''flutI'tl'ltJnnYf'W''lJ'fl'l~'l b~'fl Vii b~~Vi b'fl 



2 

bU'WtJ ~ (?)'eJ (?)tJ'eJ'WU~ 'I tJ ~'I fltAf'W 'V'flJ~'Il 'WtAf'W~'eJ (?)tJ'eJ'Wu~'ItJ ~'I fltAf'W~'J tJ b~:hIVi b'eJ hl~u fl'l ~i fl b~'lJ"lJ'eJ\I 
q q q 

21 I !l/ 2.-

b tJ'eJ b~ 'eJ ~'eJU ~'I fl tAf'W 'W'eJ fl "'l'l fl U tl\l~ U~ 'I ii fl'l ~~~'I\I-n'W"lJ'eJ\I brl~'eJU~'I fltAf'WU fl rl ~ :hIU'WtJ ~ (?)'eJ~.h\l ~:hIunl1 
q q '" 

I i;' I i;' 

~\I bb~ (?)\lt1\1 rl'J'I:hI b ~lh n'Wl~'Vl'l\l~'JI1'1'V'HlU btJ'eJ b~'eJ 'W'eJ fl"'l 'I flU Economides bb~:::rlbW::: ntJ\I'I'We.J ~ fl'lJ' 
" 0 0 

l'l'eJU ~'W'eJ\I"lJ 'eJ\I b tJ'eJ b~ 'eJ ~'eJU ~'I fltAf 'W biJ'eJ liE b~:hI Vi b'eJ bU 'WtJ ~ (?)'eJ (?) tJ'eJ 'WU ~ 'I tJ n fl tAf'W ~ U~ 'I ii fl'l ~~~'I\I q q 

iI I i;' I i;' I 

b tJ'eJ b~ 'eJ bb ~ \I U fl cPl ~:hI 'lJ1b 'J bW~ 'We4 'J "lJ'eJ\I tJ ~ (?) ~\I ~,xu ~'W'W~ 'I b~:hIVi b'eJ ii rl 'J 'I:hI b ~ 'I rl 'Wl~ rlU b tJ'eJ b~ 'eJ (8) 
q q q 

1 'Wtf"'l"'lu'Wb~:hIVi b'eJtl\l cPl\l biJ'WtJ~ (?)~l~fu rl'J'I:hIUtJ:hI1 'Wfl'lJ'16iibu'WtJ~ (?)'eJ (?)tJ'eJ'Wu~'ItJJ''I fl~'W bbl?1bti'eJ\I"'l'l fl 
q q q q 

o 0 " 

'W'I'W bb~:::n cPl'l bb ~\I (9) ~'J :hI1Ut1\1ii bb 'W'J b u:hIViii fl'l~~ :::~'ItJ r?l'J biJ'eJ'eJ t.i1 'WcPl'J'I :hI~'W~\I (1 0) ~\ltJ 'I hJ~ fl'l ~ 
'" '" '" 

o 0 " 

"r ~'W'Iufuu~\I cPl bW~ :hIU~"lJ'eJ\ltJ ~ (?) ~\I fl ~'I'J 1 ~ii rl bW~:hIu'iVi ~~\I~'W 
q q q q 

bfll'lbU'Wvf'W~'I'W (calcium silicate based material) ~\liirlbW~:hIU~~'Jrl:hl~'W1?l (bioactive material) 
~ q 

o " 

fl~'I'J ~'eJ tJ~ (?)ii rl'J'I:hI~'I:hI'I~b11 'Wfl 'I nVlutJ'JtJ'I1 ~ btl (?)tl"'l fl~J':hI'Vl'l\l~'JI1'1~"lJ'eJ\I b"1!~~ b"ll'W ~'We4'J"lJ'eJ\ltJ~ (?) 
q q 

9.1 i;' I I 

b~'eJ 1~btl(?)fl'l~ti (?)~(?)~:::VI~'I\ltJ~ (?)rlU btJ'eJb~'eJViii~';)I'l(ll, 12) Siriphannon bb~:::rlbW:::(13) ~'ItJ\I'I'W~'I b3..Jb'W 
q 

bbrl~ b~tJ:hI~~ bfll'lii wn:hl ~'I:hI 'I~b11 'Wfl'l~bVltitJ'JtJ'I1 ~btl (?)fl'l~~~'I\I e.J~ fl lfj (?)~'eJfl6JI'eJ:::~'I 1 'Vl1'l1~ b~'eJ eJ'I'W 

fl'lnb"lll'W~'I~~:::~'ItJr.ii'l~'eJ\lcPlihtJ"lJ'eJ\lbVl~'J1'W:h\lfl'ltJ (stimulated body fluid) ilflvf\l De Aza bb~::: 
rlbW:::(14) l~~'ItJ\I'I'Wt1\1 rl'J'I:hI~'I:hI'I~b1"lJ'eJ\I b:hlb 'Wbbrl~ b6JItJ:hI~~ bfll'l1 'Wfl'ln VltitJ'JtJ'I fl'l~~~'I\I e.J~ fllfj (?)~'eJ fl 

I 2.1 iJ I 

6JI'eJ :::~'I 1'Vl I?lbiJ'eJ eJ'I'W fl'l nb"ll1 'WtJ'I ~'ItJ:hI'WMtJ 'W'eJ fl"'l'l flUbiJ'eJ~"'l'l ~bW'I rl bW~:hI U~ rl'J'I:hI b~'I rl'Wl~'Vl'l\l 
q q 

~'JI1'1~"lJ'eJ\ltJ~ (?) ~U~'I b:hlb 'WbbcPl~ b6JItJ:hI~~ bfll'lii rl'J'I:hI b ~'Irl'Wl~ rliJb"1!~~~~'I\I fl~:::(?)fl(15, 16) 'eJt.i'l\lhfi I'l'l:hl 
q '" 

9..1 . 2,1 I 

tJ~ C?l b:hl b'Wbbrl~ b6JItJ:hI~~ bfll'li!'Wii rl'J'I:hI blJJ''I::: bb~:::hl~'I:hI1~b1ri'eJ r?l'J l~ ~'JtJtJ'I fli'W Vl1 1 ~bU'W~'eJr.ii'l rl (?) 1 'W 

fl'l ~1 iE\I'I 'W(17, 18) ~\I ii rl 'J 'I:hI ~ tJ 'I tJ 'I:hI1 'W fl'l J'"r ~'W'I tJ ~ (?) ~ 'J tJ fl'l ~tJ 'I:hI 'I e.J ~:hI rl U ~ 'I J'~'Wb ~'eJ1H'UU N 
q q 

'1bW~:hIu'i"lJ'eJ\ltJ ~ C?l1 ~~'I:hI'I ~b1tJ'I:hI'I1 iE\I 'I 'W'Vl '1\1 mnb ~'VltJbb~ :::'Vl'l\ll1'Wl'l fln:hll~ 

fl ~'I ~ l'eJ b'fl b 'Wb:hl 'eJ f6JI b:hl 'W1?l (glass ionomer cement: GIC) bU'WtJ ~ (?)'Vl'l\ll1 'W1'l fl J'J':hJ"nU (?) Vlti\l 
q 

o " 

~\lii cPl'J'I:hI~'I:hI'I~b11 'Wfl'l~U~ (?)U~'fltJ'V'J~'eJ'eJ h~ ~'I:hI'I~b1 btl (?)m~ti (?) ~ (?)rlU btJ'eJVf'W bb~:::ii rl'J'I:hI b~'Irl'Wl~ 
'" 

'Vl'l\l~'JI1'1~rlU bt1'eJ btl 'eJ"lJ'eJ\lh\lfl'ltJ 1 'W\I'I'W'Vl'1\1 bi1'W b(?) (?)'eJ'W1'l1~ii m~tJ 'ItJ~ (?) fl~'I~l'eJ b'eJ b 'Wb:hl'eJf6JI b:hl'WI?l:hl'l1 iE 
q 

bb~:::H bU'WtJ ~ C?l~ (?)tJ 'fl'Wu~'ItJ~'I fltAf'W (1 9) ~'IVlfUfl~'I~ l'eJ b'eJ b 'Wb:hl'eJf6JI b:hl'WI?l"llU(?)VltJ(?)~\I (highly viscous 

conventional glass ionomer cement) bU'Wfl~'I~l'eJ b'eJ b'Wb:hl'eJf6JI b:hl'WC9l~l~fUfl'lJ'"r[?J.J'W'I b~'eJ 1 ~fl'lJ'H 
i;' iI I I 

\1'1 'W ~ 'I tJ ~ 'W ~::: tJ ::: b 'J ~ 'I ri 'eJ r?l 'J b'f 'J ~ (?) rl 'J 'I :hi 1'J 1?1 'eJ rl 'J 'I :hi ~ 'W "lJ 'eJ \I tJ ~ (?) bb ~ ::: ii fl'l ~ ~ ::: ~ 'I tJ r?l 'J !?l'l b iJ 'eJ 
q 

bmtJUbVitJurlU fl~'I~ l'eJ b'eJ b 'Wb:hl'eJfbbUU;\I b~:hI (conventional G IC) r?l'J'eJt.i'l\lfl~'I~ l'eJ b'eJ b 'Wb:hl'eJf6JI b:hl'WC9l 

"]jU(?)VltJ(?)~\I b"ll'W Ketac ™ molar (3M ESPE) bb~::: Fuji IX GC® bU'W~'W(20) 
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U'"l '1 U 'W~h)f ~ 1 tJ n 1 J'~ m~l ~'Y'ltJ ltJ 1 ~U ~UUr-:J '1 ru~ ~u'1l!?l 1-:J 1"ll1.l-:J n ~ 1 ~ 11.1 b1.l b 'W b~1.I f6] b~'W1?l 
~ , 

b ~~~'W~'JtJnlJ'b~hJ ~1J'6]'J n~~'W1?l '"l1 nnlJ'~m~1"ll1.l-:J Pothiraksanont bb~ ~,",ru~(21) 'Y'lU~l b~1.I'0,1 

b~b'Wbb,",~ b6]tJ~~~ bn 1?I~1 BJ~~i'J~nutf~ !?ln~1~11.1 b1.l b'Wb~1.If6] b~'W1?l Vilb ~~h~tJ~b'J~lnlJ'ri1.li?l'Jil1.ltJn~ 1 
q 

b~~VI b1.l1.lt11-:J n'l!tJ ~ 1 fl ruVll-:J ~ tl ~ b!?ltJhJ nJ'~Vl u nu ,",'J l~Vl'WbbNre) !?l"ll1.l-:Jtf ~!?l n ~ 1 ~ 11.1 b1.l b'WbWeJ f 
~ q 

~J'~tJ~b'J~l 28 tf'W "'Wbb~"ll1.l-:J ,",'Jl~ b~ln'W1~Vll-:J6]'J.fll'Y'l"ll1.l-:Jtf~ !?ln~l~ 11.1 b1.l b'Wb~1.If6] b~'WI?l~nb~b'W 
q 

~ , 
bb,",~ b6]tJ~~~ bn r?l BJ~:hI'Y'lU~l rj~ !?l~-:Jn~l'Jn,",'Jl~ b~ln'W1~nu b6jj~6bil1.l b~1.I" 'WYf'W~'WMtJ"(22) bb~~b6jj~~1 ~ 

q q 

bU J'U~l ~ (23) "'Wnl J'~ nMl Cl-:Jre) r?lJ'1 ~'J'W"ll1.l-:J nl J'BJ ~~n ~ 1~ 11.1 b1.l b 'Wb~1.If6] b~'Wl?lbb~ ~b~b 'Wbb,",~ b6]tJ~~~ 

bnr?l Sangsawatpong bb~~,",ru~(23) 'Y'lU~l b~1.IBJ~~n~1~11.1 b1.l b'Wb~1.If6] b~'Wl?lb~lnub~b'Wbb,",~ b6]tJ~~~ 
~ 

bn [?Ib 'Wre) [?I J'1 ~'J 'W~'fl tJ ~ ~ 50 b!?ltJ '0, TVI'l!n '"l ~'Y'lU n 1 J'~~1-:J 1e:r!?l J'1.I n6]1.1 ~'Y'l11 Vll?l.fl ltJVI~-:J bb-ntf ~!?lb 'W 
q 

, 
l~~n~l b~1.I bmtJU b VltJununlJ'b-iin~1~11.1 b1.l b'Wb~1.If6]b~'Wl?lb~tJ-:J6jjtl!?l b~tJ'J Horvichitr bb~~,",ru~(24) 

Vil nlJ'~nMl ,",'Jl~ bb 'WU~tlVl"ll1.l-:J n~l~ 11.1 b1.l b 'Wb~1.If6] b~'WI?l~nb~b'Wbb,",~ b6]tJ~~~ bn r?l BJ~~ nUBJ'l!-:J ,",~1.I-:J 
J'lnYf'W bb~~~nMl nl J'*'J6]~"ll1.l-:J bbU ,",VI ~tJ b~'Elb-ii bU'Wtf~ C9l'El !?l~'El'WU~ltJJ'l n:W'W 'Y'lU~l~re)r?lJ'l~'J'W"ll'El-:J 

q q 

~ 

nlJ'BJ~~n~l~l'El b'flI:'Wb~'flf6] b~'Wl?lbb~~b~b'Wbb,",~b6]tJ~~~ bnr?l~'EltJ~~ 50 b!?ltJ'0,lV1'l!n Vilb~tf~!?ln,",'Jl~ 
q 

I I I iI' I iJ 

6]-:J '"'1 !?l~1 bn !?l'"l1 n~'J'WBJ~~Vln ,",'Jl~~'WVlil!?lVl~l nn~l b!?ltJre) [?IJ'l~'J'W"ll'El-:J BJ-:J !?l'El'0,1 Vlb-iib 'WnlJ'~m~nu 
, ~ 

b'Yl1nU 3:1 !?l1.l~1~-:JnnlJ'~nM1V1UfuUNre)[?IJ'1~'J'WBJ-:J!?l'El'0,1 bU'W 2.73:1 (22. 23) bb~~'"llnnlJ'~m~l"ll'El-:J 
q 

~ ~ 

Burapat bb~~~ru~(25) vi1nlJ'ufuuJ'-:Jre)[?IJ'l~'J'WBJ-:J!?l'El'0,lbU'W 1.7:1 'Y'lU~lre)[?In~'J'WBJ-:J!?l'El'0,l"ll'El-:Jn~l~ 
q 

1'El b'El b'Wb~1.If6] b~'Wi?lBJ~~b~b'Wbb,",~ b6]tJ~~~ bn [?Ib'Yl1 nu 1.7: 1 n ,",'Jl~~l~lJ'l:lb 'WnlJ'u!?lBJilmb~~,",'Jl~ 

bb'Wu~tlVl1~bn~ b~tJ-:J nu b~~VI b'El '"l1 n nlJ'~m~n~ e.il'W~l'Y'lU~l n~l~ 1'El b'El b'Wb~1.If6] b~'WI?l~nb~b'W 
~ , , 

bb,",~ b6]tJ~~~ bn r?lBJ~~~'EltJ~~ 50 b!?ltJ'0,lV1'l!mJ-:J ,",-:Jb ~~ru~~U'1lVl~ 6]-:J'Ell'"lill~lUJ'~tJn [?I1-ii bUtJtf~!?l'El!?l 
q q q q ., 

~'El'WU~ltJn nYf'W1~ 1.It11-:Jhn[?ll~'"l1 nnlJ'U~UUNre)[?IJ'l~'J'WBJ-:J !?l'El'0,l"ll'El-:Jtf~!?ln ~1~ 1'El b'El b'Wb~'Elf 
q q 

Vll-:J6]'J.fll'Y'll~ 

.flltJVli-:J n 1 J'e.il i?llPlU~ltJJ'lnYf'W mJ'i,.jjtf~ !?l'El!?l~1.I'WU~ltJJ'1 nYf'W~n ,",ru~~u'1l~n ,",'J 1~ b~l 
q q q 

nu nlJ'..n'El~ bb6jj~J''J~Cl-:J nl J'~~l-:JnJ'~!?l mb~~b~'W~ !?lm'\o1'W1?l(26) nlJ'~!?l ~ !?l"ll'El-:J b6jj~6 (cell adhesion) 
~ , 

2.1 I I I I 

bU'W"ll'WbbJ'nVln ,",'J1~~ 1 fl bY ri'El'WVI b6jj~6'"l ~b~~~l'W'J'W (proliferation), n nlnU~tJ'WbbU~-:J"ll'El-:J b6jj ~ 6 
., 

(differentiation) bb~~~~l-:J extracellular mineralized matrix U'W~'W~'J"ll'El-:Jtf~!?l'El!?l~'El'WU~ltJJ'lnYf'W 
q q 

~-:Ji'WmJ'Vl !?l~1.IUnlJ'~!?l ~ !?l"ll'El-:J b6jj~6 U'W~"'W~'J"ll'El-:J6]'Jtf ~ !?l~b-iib 'WVll-:J b~'W b!?l !?l'El'W~ n~ ~-:J bU'W.ff'Wr?l'El'WVI~-:J 
q 
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~'U 1j'5 u'Ui 'U~ 'd"ll'fl-:l n IN 1 ~ 1'fl b'fl b 'Ub~'fl f~ b~'Ui?l~ iJ b~ b 'Ubb~ IN b~ ~ ~en ~ btl I?l t:J ~~'fl I?l:i"l ~ 'J'U~'fl tJ IN ~ 50 
q 

" ", 
b~mibVli! n b 'U'fl 1?lJ'1 ~ 'J'Ut:J-:I LPl 'flU 1 b 'Yb n u 1.7: 1 d:j 'flU 1 ~1 blii bU 'UtJ ~ (?) 'fl (?)~ 'fl 'UUIN 1 ~ J'1 nYJ' 'U 'VI1'1 ~ ru~ 

q q 

~'U1j'5 ~-:I brl'Ub"li~~~'fltibn~ b~m nUU1b'Jru~vhn1J'P1~~ nJ'J'~UIN1~J'1 n bblN~brl'U~~1"l1'fl'ln1J';ain1j'1 
q ~ 

" " b'U~~'In 

o "'" ....... 
1P11b113J'J~~ 

1 . tJ~ (?)nIN1~ 1'fl b'fl b'Ub~'flf~ b~'Ui?l~iJb~b 'Ubb~1N b~~~en~ bn 1?lt:J~~iJ ~'J1~ b ~h n'U1~'VI1'1~ihrl'l~ 
q 

" , 
3. b"li IN ~ ~ f1'1 n J'~ (?) n ~ 1 ~ 1 J'~ m (?) ~ (?)U'U ~'U ~ 'J"lI'fl'l tJ~ (?) n IN 1 ~ 1'fl b'fl hJb~'fl f~ b~'Ui?lVl iJb~ b 'U 

~ q 

, " 
U"'I"'IU'UiJ n1 J';ai n1j'1Vl'VI (?)~'flU ~'J1~ b~h n'U1~'VI1-:1~ihJl 1~ bblN ~n1J'm (?) ~ (?)"lI'fl'l b"liIN~U'U~'U~ 'J 

q 

I iI I iI 

"lI'fl'l~'JtJ ~ (?)'VI 1-:1 vl'Ul?l n J'J'~ b 'Ub"li IN ~Vl1~"'11 n n 1 n ~ 1 ~ b~ ~'I b"111N ~ LPl'fl b ll'fl'l (cell line) vl'l "'I 1 n ~ l?lrj"bblN ~ 
q 

"lI'fl'l b"11IN~~f1'1 nJ'~(?)n~1~"'I1 nnJ'~(?)n bihYJ''U~'U1j'5 ~'I b1J'U!?l1 bbVlU'I b"liIN~~bn~ b~~'Inuu1b'J ru~Vi1 n1J' 
~ ~ q 

" , 
P1~~ nJ'J'~UIN1~:i"l n b(?)~Vi1 n1nI?l1~~ bbeJ'U~'Urj'~ (?)nIN1~1'fl b'fl b 'Ub~'flf~ b~'Ui?lVliJb~ b 'Ubb~1N b~~~en~ bn I?l 

q 

J'l'VIb'~~Vlb'fl (White ProRoot@ MTA, Densply Tulsa dental, Tulsa OK, USA) ~'Ib'~~Vlb'flbU'Urj'~~~ 
1~ ~u ~'J1 ~ im ~b 'U n 1 J''fl (?)~ 'fl'UUIN 1 ~ J'1 nYJ''UJl1 tJ(28) bblN ~tT'I{ (?) brl'UtJ ~ (?)~ 1 1?lJ'~1'U b 'Un 1 J''fl (?) ~'fl'U U IN 11'J 

q q d..9 q 

I 9.1 i;' iJ I I 

J'1 nYJ''U(29) b(?)~ ~1 (?)rJ 1 t:J IN Vl1~"'11 n n 1 J';ai n1j'1b 'U~ ~'In"'l ~ bU'UC]'fl~ IN ~ 'U ~1'U Vl bU'UU J'~ bl'J"llUbfl tJ ') nun 1 J' 
~ d.9 

l?l'flU~'U'fl-:l"ll'fl-:l b"111N ~ ~f1'1 nJ'~(?)n LPl'fltJ~ (?) nIN1~1'fl b'fl b 'Ub~'flf~ b~'Ui?l~iJb~ b'Ubb~1N b~~~en~ bn I?l t:J~~ bblN~ 
~ q 
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" , , 
rJl?l f:lU J'~~":! fl"ll'El..:!..:! 1'W~{~t1 L ~'El ~ flM1 (Plru~:lJu'1l"ll'El'l fl ~ 1 ~ l'El b'El b'Wb:IJ'Elf~ L:IJ'W!?lVl~b:IJb'W q q 

LL(Pl~ L~~:lJS]~hfl I?l eJ~:hJ Lm~U LVl~UrlU White ProRoot MTA 1 'W~1'W!?l1'l1 !?i'ln 

1. (Pl'J1:IJ L~h rl'Wl~'Vl1'l~'JJl1'V'l"ll'El'l L"l!~~~~1'l flJ'~~ flr.n flfl1J'rJ ~ (Pl'J1:IJ~~~ 1?l"ll'El'l b"l!~~LL~~ 
'" , 

IV ICV.t::::!it. 0 tJ 

fl1 J''J ~ fl1 J'LLU'lI?l'J b'V'l :hJ"'l 1 'W'J'W"lI'El'l L"l!~ ~ 
" , 

2. (Pl'J1:hJ~1:IJ1J'f:l1 'Wfl1J'~~1'l bU'ElL~h LL~'l"ll'El'l L"l!~~~~1'l m~~fl "'l1flfl1J'rJ ~fl1J'~~~:IJ"lI'El'l 
'" 

" 
3. fl1J'~ ~&i ~"lI'El'l L"l!~~~~1'lm~~flU'W~'WeJ'J"lI'El'lrJ~ ~ 

'" q 

iI 9..I!l.I iI 

1 'Wfl1J'~fl'M1~{~ (Plf'lt1Ltl'Wfl1J'~flM1~{~~'W~1'W (Basic research) b~~vhfl1n'V'l1~L~~'l 
d.9 

() i.I 2.1 ,.~ tJ o..:a: 2.;' cv '1 9.1.<::::1 .cS ~ 

L"l!~~~J'1'lflJ'~~fl"'l1 flflJ'~~fl LU11'~'W:IJ'WM~ LL~~'Vl1fl1J'~flM1 (Pl'J1:IJ L"lI1 fl'W b~'Vl1'l"Jj'JJl1'V'l LL~~fl1J'~ ~ I?l ~ 
'" '" q 

"lI 'El'l L"l! ~ ~ ~~1 'I fl J'~ ~ fl U'W 'Iff 'W eJ 'J"lI 'El'l fl ~ 1 ~ l'El b'El b'W L:IJ 'El f~ L:IJ 'W!?l~ ~b:IJ b 'WLL(Pl ~ L ~ ~:lJS] ~ Lfll?l eJ ~:IJ 1 'W 
'" 

~'El'lU~U'1lfl1J' 

1. rPl'J bb tJ 'i~''VI~'U fl''i~m~' Fl 'J13-1 b.nl flul~'VI1':!~'J.nl'rl"ll'el.:!1'6if!?l.v1 ij 'i~!I~ri'el rPl'l 
q 

1. !?l'JLLUJ'~'W l~LLri 

1.1 "Jjil~"lI'El'lrJ~~ (mn~l'Elb'Elb'WL:IJ'Elf~L:IJ'W!?l~~b:IJb'WLL(Pl~L~~:lJs]~Lfll?leJ~:IJ LL~~ 
q 

, , 
1.2 J'~~~ri'Ell?l'J"lI'El'lrJ~~ (J'~~~ri'El!?l'J~:IJ~'W LL~~J'~~~ri'Ell?l'J~:lJUJ'ru) 

q '" 

2. !?l'JLLUJ'l?l'"l:IJ l~LLri (Pl'J1:IJ~~~I?lLb~~fl1nLU'll?l'JL~:IJ~1'W'J'W"lI'El'lL"l!~~ (cell viability 

and proliferation) 

2. rPl'J bb tJ 'i~,'V1~'U fll 'a~fl'Hl WJI3-1 b.nl flul~'VI1':!~'J.nl'rl"ll 'el.:! Fl'JI3-1 b.nl flU 1~'VI1.:! 

~'J.n''rl"ll'el.:!-r'6if !?lJl' !I'V1~.:!ij'a~!I~ri'el rPl'J'6if3-l'U'aru.v1 Fl'JI3-1 b.n 3-I.nu bb~~ b 'J~' !Pil.:! flU 
q ~ 

1. l?l'JLLUJ'~'W l~Lbri 

1.1 "Jjil~"lI'El'lrJ~~ (fl~1~1'Elb'Elb'WL:IJ'Elf~L:IJ'W!?l~~b:IJb'WLL(Pl~L~~:lJs]~Lfll?leJ~:IJ bL~~ 
q 

1.3 L'J~1~rJ~t?li:IJer~rlU~1J''Vl~~'ElU 
2. !?l'JLLUJ'1?l1:IJ l~LLri (Pl'J1:IJ~~~I?lLL~~fl1nLU'll?l'JL~:IJ~1'W'J'W"lI'El'lL"l!~~ (cell viability 

and proliferation) 



6 

~ ~ ft~ ~ 
1. Human alveolar bone VI~'1t1Cl'l m'~'?tflb'IJ1l"1'W~'W'jj'tI .., . 

" , 
bU'flb~h)tl'1t1b 'Wi1'1 n1t1 

4. Mineralized Trioxide Aggragate (MTA) VI ~ '1 tI ~ 'I tj ~ C?\ 1'IJ b'fl b"l! J''1 il n"1! U C?\ il b 'W'fl f~ • 

1[?lJ''fl'fln1"l!~ bb'flnn1m[?l (b'~~vh'fl) 

5. Monocalcium silicate VI~'1t1~'1 tJ~C?\1Ub'flb"lfJ''1iln"1!UC?\~ij monocalcium silicate btJ'W • 

'fl'l A'l.h~n'fl'IJVI~ n 

6. Biocompatibility VI~'1t1~'1 '"1'J'1~b~hn'W1~'Vl'1'1~'JJlTV~ 
..s , 

7. Mineralization VI~'1t1Cl'l n'1J'~~~~bbJ'fi'1[?l 

r--------------------
Root-end filline 

materials 

( GIC-CS J 

[,-_M_TA_J 

• 

~-------------------

I Biological properties 

Biocompatibility 
(MIT assay) 

Cell attachment 
(SEM) 

Biomineralization 
(Alizarin red staining) 

n J' ~ 'IJ 'J 'W n '1 J' eJ' '1 r?l C?\ 'I.J ~ '1 tI J''1 n vr 'W i1 VI ~ '1 tI 11 iOl r.f tI Vj' ~''1 eJ ~ [?l' 'fl '"1 'J '1 ~ ~ '1 b ~ iOlb 'W n '1 J' f n 'jj''1 

tJ ~ c?\'fl C?\tJ'fl'W'I.J~1t1J'1 n'lAf'WbtJ'WVln'lb 'W,:riOl{tI~ ~'1 eJ ~ r;]'flrel [?lJ''1 '"1'J '1~ ~'1 b~iOl"lJ'fl'l n'1J'fn'jj''1 bC?\tltJ~ c?\'fl C?\tJ'fl'W 
q q q q 

'I.J~'1t1 J'1 nYJ''Wb 'W'fl C?\:hJ '"1~ '"1'JJ'ij '"1ru~~u'1i~"ll'JtI~'1 b~1~ n '1 J'VI'1 tI"lJ'fl'l bbeJ~Jl'1t1V1~'1tr [?l Cl n'1J' n~'1'J ~'fl • • " , , 
1. hliJ '"1'J1~ btJ'W~'jj' bb~ ~ij '"1'J'1~ b~h n'W1~ nu b U'fl btl'flJ''fl'lJ'U~ '1 tI J''1 n'lAf'W bC?\m~'fl b"lf ~ ~ 

l~ er~n'IJtJ ~ C?\ bb~h b"l!~~~'1~1J'Clij~~ [?l'fl~J''fl C?\ bb~~bn C?\n'1J'b~~~'1'W'J'W1~ . .., 



7 

, ", 
2. ~'1~l:i'bl fl:i'~~'Wb"1l~~1 ~v'hvnJ'1Vl~~l'1 bU'fl b~.hlbb-n'l1~ b"l!'W bn (?)fl1:i'~~~~"lJ'fl'l bb~Ii'1!?l 

q q 

" " 
3. b~'flb~b"1l~i~1~1:i'mn(?)fl1:i'~(?)~(?)'IJ'WV1'W~'J"1J'fl~rj~(?)1~ 

q 

fl'J'1~ b~~~'Wl?11'1n'Wij !:.J~~i"l€hJbb!?lfll?1'1'1n'W 

~:J.J:J.J ~'iSllJ'a'fl~ : fl'Jl~ b~'1n'W1~~lhJl'1i"l"lJ'fl'lrj~ (?)Jl'1tJVI~'1ij:i'~tJ~ri'fl tK'J~~'lJnu~ 
~ q ~ 

2.1 2.1 I cv...:::::J cv 6'" I CV 

fl'Jl~ b "1J~"1J'W!?l1'1 fl'W~!:.J~ ~i"l Ii bb!?l fl !?l1'1 fl'W 

2. f1'J 1~ b~h n'W1~'VI'1'1~'JJlli"l"lJ'fl'lrj~ (?)JlltJVI~'1n:i'~tJ~ri'flI?l'J~~'lJnU~ b 'J ~ '1l?11'1 n'W 
q ~ 

I cv.c::f cvt) I CV 

b 'J ~1 !?l1'1 fl'W~!:.J ~~~fibb!?l fl !?l1'1 fl'W 

3. f1'J 1 ~ b ~h n'W1~'VI1'1~'JJl'1i"l"1J'fl'l rj ~ (?) fl ~ '1 ~ 1'fl b'fl b 'Wb~'fl f6JI b~'W~bmtJ 'IJ bVl tJ'IJ n'IJrj ~ (?) 
q q 



.d 
'lJ'VI'VI 2 

'VI 'lJ 'VI ';} 'W ';} 'a 'a 1;)J, n 'a 'a:J.J 

1 '\.Jnnil"lJ'el .. nAf'W~ i:Jl'\..lWI~fm~1 ~~'el..:J~1 n~'W~J1 bb~'d~'eltlb~~~'elUi..l~It1~1 n~'WtJ..:JhiVllti b~tI 
'elllOJ bb~ ~..:J'ell nl ~i..l'd ~ bb~ :::;/Vl1-'el U'd~ Vl1-'el'V'lUnl ~Vh~It1"lJ'el..:J n ~:::;~ n~ b~~~'\..l1 '\..l.fll'V'l f..:J~ 'ell nl nb~:::; 

'" i/ 2.1 I 2.1 

'ellnlnb~~..:J bVl~lil~'d'\..lbrl'We-J~lOJln n1~'f1n b~U"lJ'el..:J btJ'el b~'el~'elU~ln Vl1-'elijril~ij b~'el~..:J ~1..:J'elt.l1 '\..lU1b'dru 
'" 

~nl~fm~1 ~~'el..:J~1 n~'Wi..ln ~ b~lhJhJ~..:J bti'el..:JlOJlnin~ru:::;'Vll..:J nlt1~.fll ~~iu~'el'\..l"lJ'el..:J~:::;uu ~~'el..:J 
~ln~'\..l ~'\..l1'\..lin~ru:::;(9)..:J n~ 1'd~ n~1OJ1~rulfn~1 ~~'el..:JJ'1 nYf'\..l.fl b~'el b~1 hJvh n 1 J'rllr.l ~ bi'el1 '\..l~ ~'el..:J 
~lnYf'\..lb~m~~ 'elt.ll..:Jbnl?ll~ 1'\..lUl..:Jnnil~ij~'el~ln~"lJ'el..:JnlJ'fn~I~~'el..:JJ'ln~'\..l.fl nlJ'i:JltK~i..l~It1 

I I I i-' I I 

J'ln~'\..l~..:J bU'W'Vll..:J b~ 'el nVltJ..:JVl-n'dti fn~I~'\..l6]'I!'\..lHi btJ'el..:J ~'dtl b'Vl ~ b '\..l b~~ bb~:::;b~1-'el..:JiJ'el1 '\..lnlJ'fn~I'f1'\..l 

1~bbfi n~'el..:J"'l~Vl~J'fil1'l!'Vll..:Jv1'Wl?lnJ'J'~ (Dental operating microscope), b~i'el..:JiJ'el'f1~l?lJ'1b6Jjllni, i~~ 
q q 

~ ~iJ'el'\..li..l~It1 J'1 n~~ w.J'Wl~ 1 n~'\..l UlOJrolti (?]1..:J1 b VI~ltf~..:J-n'dtl~..:J b~1~ nl J'Vll tI"lJ'el..:J bbe-J~.fllt1V1i..:J,r l?l bI n1 ~ 
bb~ :::;1~ e-J~ i'V'lfi.fl 1 tlVI i..:J n 1 J'i:Jl tK ~U~It1~1 n~'\..l1~ e-J~~'\.,lT~..:J'V'l'el11OJ b~tI'V'lU~1 nl J'i:Jl tK ~i..l~ lt1~1 n~ '\..l1 'W 

UIOJ~U'W (endodontic microsurgery) 1~e-J~~lb'fIOJ~~..:J~..:J~'eltl~:::; 94 bd'elbmtlUbVltlUnUn1J'i:JltK~U~It1 
J'ln~'\..l1'\..l'el~l?l (traditional root-end surgery)(30) 

... ... , 
nl~i:JltK~i..l~It1~lnYf'\..lUJ':::;n'elu~'dtli'\..ll?l'el'W(?]1..:J11~bbri nl~rol~nlntJ'elb~'el'el'el'\..l (soft tissue 

management) nl~tK~nJ':::;~n (osteotomy) nlJ'1!~J''elUJ'lnYf'\..l (periradicular curettage) nlJ'tK~ 

i..l~It1~lnYf'\..l (root-end resection) bb~:::;nlJ''el~iJ'el'WU~It1~lnYf'\..l (root-end filling),31) i~~'el~iJ'el'\..l 
q . q q 

U~It1J'1 nYf'\..l brl'\..lU'"lroltlVl~..:J~ij e-J~ (?]'el'f1 1?lJ'1 ~'dl~~1 b'flOJ 1 '\..lnlJ'i:Jl tK ~i..l~It1J'1 nYf'W '1 ru~~~"lJ'el..:Ji~ ~ 
'el ~iJ'el'Wi..l~ lt1 ~1 nYf'\..l1 '\..l'el ~~ ~ ~ 1~ bbri ~1 ~1 J'blU'el..:J n'\..lnlJ'*'d~~'"l1 n bbU ~Vl ~tI bb~:::;~~1 '\..lU1b'dru 

q q 

!V I 2.1 I 

btJ'el b~'eli..l~It1~ln 1~ hiij ~'dl~ bU'\..l~~(?]'el btJ'el b~'elJ''elUU~It1~ln hi bU'\..l~IJ'ri'el~:::;b'f..:J ij ~'dl~ b~1 n'\..l1~ 
... , ... 

'Vll..:J6]-::l.fll'V'lnU b tJ'el b~'el ~'elUi..l~It1J'1 n~'\..l ij b~ ~tI~ .fll'V'l b~..:Jn~ (dimensional stability) ~'dl~~'\..lhi 

~..:J e-J~ (?]'el~'dl~~I~IJ'bl1 'Wnl~U'el..:Jn'\..lnlJ'*'d~~"lJ'el..:Ji~ ~ 1 ~..:Jl'\..l~It1 bb~:::;ij ~'dl~~uf..:J~(1) 
q 

J'ln~'\..l1~bbri 'el:::;~~n~ n~I~1'elb'elb'\..lb~'elf6]b~'\..l!?l ~..:Jr1'el'eln16JjC?ltl~'\..l'el~ 1'el'ellfb~~ 6Jjbu'elf~Ub'el bJ'~'\..l ~'el~ 
. '" '" 

I j..I I 21 I 

b'V'l~ l?l bb~:::;b~~Vl b'el(2) btJ'el..:JlOJlni ~~'el ~iJ'el'\..lU~It1~ln~'\..lij n1J'i~ ~ ~nubtJ'elb~'el bb~..:Jbb~:::;btJm~'el'el'el'\..l"lJ'el..:J 
q q 

'elitl'd:::;mv1'\..l!?l (9)..:Jtf'\..li~ ~~IOJ:::;ih~11ojj bU'\..l'r~ ~'el ~iJ'el'\..lU~It1J'1 n~'W~..:J ~'d~ij ~'dl~ b~ln'\..l1~'Vll..:J 
q q q 

... , 
6]'d.fll'V'l nu b tJ'el b~'el J''elui..l~ 1 tI J'1 n~'\..lbb~:::;hi bU'\..l~~(3) 
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"'" ..., '1 '1 d' ...". 

:J,Jb'U'el'a~ bl?l'a'el'fln b~~ bb'elnn'abnl?l (Mineral Trioxide Aggregate: MTA) 

ih'W'fl~~ 1f?l:i''fl'flnl"llC?1 bb'flnn"hnf?l Vl1'fl b'~hJV1b'fl (Mineral Trioxide Aggregate: MTA) dJ'W 

tf~~ 1'IJt'flb"ll:i'1ijn"Jlil~VI.n'l ~n~(ij,J'W1t~tJ Torabinejad ~~Vl1~'VltJ1~tJt~~1~'W~1 (Loma Linda 

University) b 'WtI 1993 b ~ 'flb·ih U 'WrJ ~ ~'el ~ ti 'fl 'W tl ~ 1 tJ:i'1 n rr tlb 'W'l1 'W~ ~ tJ n :i':i'~ b~ 'Wt~ ~'fl'W!?l 
I it I I iI I 

(endodontic surgery) ~'l b~'W'fl~1 b~~V1b'fl'l!'WiJ'1ru~~'IJ'1lV1~ btJ'fl'l1Ol1niJ ~'d1~ b~1n'WHin'IJbtJ'flb~'fl hi 

iJ ~'d1~ bU'W~'jj'~'fl b"ll ~ ~ iJ ~'d1~ bb'W'IJ~U'Vl~~ bb~~~1~1:i'tl bVititJ'dU1b ~ bn ~n 1:i'~ ~~~ bdfi1 f?l'IJ1 b'd ru 
q 

'" , 
bbf?ln~1'ln'IJ'V'J'flff?lbb~'W(?fslh~'W!?l tK'lU b~~V1 b'fllOl~iJ~'d'Wtl:i'~n'fl'IJon'fl'lu~:iT'Vl'fl'fln 1"ll C?1 b~'flb ~ bn ~ ~'d1~Vi'IJ 

, "', 
~'l~ (radio pacifier) b 'Wonru~V1'V'J'flff?lbb~'W!?fsih~'Wm~iJu~:iT'Yl'fl'fln 1"ll C?1 'W'flnIOl1nUb~~V1 b'fliJ'fl~Jl1~V1 b~ n 

bb~~~~1b~:W'fln~1'V'J'flff?lbb~'WC91'~ih~'Wf?l~33) b~:WV1b'fl;'lb~:W (original MTA) ~'d1'l~1V1'\..htJb'WU 1998 iJ~'fl 
, ' .. t 

'Yl1'ln1:i'~i1~1 ttl:i'l'Ylb~:WV1b'fl (ProRoot@ MTA; Dentsply, Tulsa Dental, Johnsun City, TN, USA) 

t~tJiJ bti''fltf ~ ~ bU'W~ b'Yl1 ~'fl:W1b 'WU 2002 l~iJ n1:i'1Ol ~~'YlfiUf?l:i'bb~~'d1'l~1V1tl1tJttl:i':i''Yl b~~V1 b'fl~ bVI~'fl'W 
q ~ 

, , 
..::::j..::.i 2.1 ~ cv 1...::::1 I cv ~ w; ..:::::I..:=::J 0 tr (S"2::::I ~ ..:::S. 

b'fl~on1'd:W ~'d1:W ~~1tJ ~~'l n'W bbf?l:W m1~bbf?ln f?l1'ln'W'Yl b'fl~'Yl b'fl~on1'd'Yl11Ol1 n'V'J'fl:i'f?l bb~'W~"ll b~'Wf?l~on1'd "ll'l 

iJ ~'d'Wtl:i'~n'fl'IJon'fl'lD1 f?l b VI~ nil'fltJ n~1 (33) Camilleri bb~~~ru~(34) ~1 n1:i'~ b~:i'1~1X'fl'l r1tl:i'~n'fl'IJon'fl'l 
q 

b~:WV1b'fl~'dm'Yl~il~ Energy Dispersive Analysis by X-ray Vl1'fl EDAX b'Wn~'fl'l"~'Yl:i':i'f'1~b~nf?l:i''fl'W 

bb'IJ'IJ~'fl'ln:i'1~ (SEM) bb~~b'Vl~U~ X-ray diffraction (XRD) 'V'J'IJ~1b~~V1b'fl~on1'diJ~'d'WtI:i'~n'fl'IJVlin~'l 

tl:i'~n'fl'IJ ~'d mb~~ b6JltJ:w G]~ n'fl'W u~:iT'Yl bb~~'fl'fl nG] blOl'W b 'Won bW~~ b~:WV1 b'fl~ b'Vl1tl:i'~n'fl'IJ ~'dmbA~ b6JltJ~ 
, 

~.<::::!it. ~ ..:::I G ~ cv ~..:::9 ~ trcv 2.1'..:::::.. • 

"ll~n'fl'W 'fl~~:Wb'WtJ:w bVl~n 'IJ~:W'Yl bb~~'fl'fln"llblOl'W b:W'fl'db~:i'1~VI'd~~~'dm'Yl~'W~ X-ray diffraction 
~ q 

'V'J'IJ~1 b~~V1 b'fl~on1'dtl:i'~n'fl'IJ ~'dtJ If?l:i'bb~~ b6JltJ:WG]~ bn f?lbb~~u~:iT'Yl'fl'fln ton C?1bU'WVli n onru~~ b~~V1 b'fl~ b'Yl1 

tl:i'~n'fl'IJ~'dtJ If?l:i'bb~~ b6JltJ:WG]~ bn f?l 1~ bb~~ b~tJ~G]~ bn f?l bb~~u~:iT'Yl'fl'fln 1"ll C?1 'flrh'llJ'fi f?l1:wt~tJ:i''d~ bb~'d 
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" , " 
LlljrntJ'l n'l~ri'f) 1?l':l"lJ'f)'l b~:WVl b'f) bn (?j~'Wbn'f) b~:WVl b'f)i:w er~nU'w'l b(?jtJ1I?lnb~~ b~tJ:wsn~ bn I?lbb~~ 

" 1(?jbb~~b~tJ:wsn~bnl?l"'l~vhLlljrntJ'lnutn bn(?lbU'Wb"'l~bb~~b~tJ:wsn~bnl?l (calcium silicate hydrate; C-

" 
S-H) bb~~bb~~ b~tJ:w1~(?j~'f)n 1"ll (?) !?i'l~:wn'l~!?l'f) 1Llu 

" .1== .., .., 0 ( )(33) 
u!Jn~t1'l~':l:WI?l':lnu'W'l Hydration reaction : 

2(3CaO.Si02) + 6H20 -7 3CaO.2Si02.3H20 + 3Ca(OH)2 

tricalcium silicate + water calcium silicate hydrate + calcium hydroxide 

dicalcium silicate + water calcium silicate hydrate + calcium hydroxide 

, " 
!?l'f)~J'l1'WiJ 1995 nn'l~~n'jj''ln'l~~':l~:W''lJ'f)'lb~'f)bbU~Vl~tJ Staphylococcus epidermidis 

"lJ'f)'ltJ~(?j'f)(?j~'f)'WLl~'ltJnn 4 "llU(?j 'I"lU~'ltJ~(?j'f)lT~n:w, 1'f)'f)'lh~:w, bb~~"llbLl'f)f illJb'f) nn'l~*':l~:W"lJ'f)'l 
q q q ClJ 

bbU~Vl ~tJ1~1 'W"ll':l'l 6-57 tJ'W bb!?l1 'W~~tJ~b':l~'l 90 tJ'W'I"lU~'l hJn n'l~*':l~:W"lJ'f)'l bbU~Vl ~m~'l1Ll1 'Wb~:WVl b'fl 

n'l ~~ n'jj''lt19'l bb 'W~U 'l~ 'l b~:WVl b'fln ~':l 'l:W bb 'Wu~U'Vl~ ~ n~'ltJ ~ (?j'fl (?j~'fl'WLl~'ltJ n n"llU(?j~'W(5) 1 'Wbb~"ll'fl'l 
q q 

" , , 
~':l'l:W b~'ln'W1~ nu b tl'fl b~'fl"lJ'fl'l:h'l n'ltJ n n'l ~~ n'jj''l1 'W~'fl'l ~':l'l:W b ~'l n'W1~'Vl'l'l~':l.n'l'l"l"ll'fl'l b~:WVl b'fl!?l'fl 

" , 
b"ll~i!?l'l'l11~bbri 1'\I'JbU~U~'l~ "'l'lmtl'flb~'flb'VI~'flmb~~b~'W~(?jtfh1'W1?T, ~b:W'WbI?lU~'l~I?T, ~b~:Wb"ll~~ 

2.1' I iI I 

"'l'lmu'flb~'fl1'W~'W (dental pulp stem cells) ~b~:Wb"ll~~"'l'lmU'flb~'flu:wn'lbU(?jVf'W (stem cells of 
q 

, " " 
apical papilla) bb~~ b"ll ~ i ~'i'l'l n~~(?jn b(?jm"ll~ ~Vl1 iE1 'Wn'l~~ n'jj''lnvl'l1 'W~Ll bbUUn'l n'l"l'l~ b~ tJ'l b"ll~ ~ 

'" '" 

iI' I 9,1 iI I 

ilnvl'ltJ'ln ~ru~:WU~Vl b~'fl!?l'f) n'lnn'l~~ (?j"ll'fl'l b"ll~ ~U'W~'W~':ltJ~ (?j(26, 27) !?i'l.n'l'l"lLl~~n'fluVl1 bbiJ~'ltJ~ (?j 
q q q 

b~:WVl b'fl"'l~n~'f) ~ !?l'l'l1 !?i'l~ n~h':l1~~'l'l ~'W bb!?l b~:WVl b'fltJ'ln~'fl~'ln (?j 1 'W~'fl'ln'l~H'l'l'WtJ'ln nn:~~~~'ltJ 
, " 

"ll'fl'ltJ~ (?j 1~~'ltJ bn'f)i:w er~ nutn ~~tJ ~b':l~'l1 'Wn'l~ri'fl rK':l'W'l'W !?l'fl:W'l9'ln ~':l 'l :W'l"ltJ'ltJ'l:w1 'Wn'l~~ W-J'W'l 
q 
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111V'l1 .. h-:;n'fl'lJ 1 LL~(?I-.:J~'J1~L~1n\.l1~vl1'l~'J111'V'1"1.1'fl'lL"l!~Cslh~t.lbl?1'lJ~1~!?l (A), L"l!~;~~1'ln~:;(?In (B), 
'IJ 

9/ , 

1vJb'lJ~'lJ~1~!?l (C), LL~:;~L~~L"l!~;r.nnLil'flL~'flU~n1Lil(?lVft.l (0) (35-38) 
q 

L3JChUbfl~b;!I3J:n~bn(PJ (Monocalcium silicate: CaSi03) 

~bt.lLL~~L6jjtl~~~hnl?1 (Monocalcium silicate / Wallastonite, CaSi03) LUt.li~~1t.ln~~ calcium 

silicate based material ~ 'I LLl t.li ~ (?I~ 'J rr~~t.l!?l"llil (?I VI tl'l ~1 ~1 ~t1'V'1'lJ1~ Vl1'lD~~~"ll1 ~ VI'%'fl'"l1 n n 1 ~ 
q 

9/ 

~'l L~~1:;,r~t.l(39) ,j'"l'"l1It.li:J~1tJ'l1t.ln1nh:;tJ n l?1~ijjb~b t.lLL~~ L6jjtJ~~~ Ln 1?11 t.lVl1'l n1J'LL'V'IVltJ ~ 1V1f'lJ LLlt.l 
q q 

n~:;(?1 nLVl tJ~(40) 1 ijj Lu'Wi ~ ~ VI (?I LLVlt.lm:;(?I n~ t.lVl'~''l LL~:;m:;(?I m~'l n ~1t.l(4) LUt.l~t.l ~1V1fuVl1'l11 t.ll?1n ~~~1~i:J 
qJ q qJ qJ 

9/ 9/ 

n1~'l..h:;tJ n l?1~ijji ~ (?IU1t.ln1~'I....!~ nn~:;(?1 n1ijj L~~'flu~h~1n LVltJ~LL~:;1ijj~ 1?J..Jt.l1 LUt.lb~~'l fP11tlt.l (scaffold) 
q q cu qJ 

~ 1V1fun1J'L '"l1ruVl (?I LLVlt.l"1.l'fl'l n~:;(?1 n 'fl'l cPl'l....!~:;n'fluVii n'Vl1'l L~i:J"lJ'fl'l b~ b t.lLL~~ L6jj tJ~~ ~ Ln 1?1 'I....!~:;n'flu ~ 'JtJ ~ 'Jt.l 
~ 'IJ 

"lJ'fl'lLL~~ L6jjtJ~'fl'fln 1"l!!?lU~:;~~ n'flt.l1(?1'fl'fln1"l!~ bUt.l~'l,h~t.l1'"l~1 b~bt.lLL~~ L6jjtJ~~~ Lnl?1i:J ~'J1~~1~1~t11 t.l 

n1J'LVItitJ'JU 11~ Ln (?In1~~~1'l'fl:;'V'I11V11?11~ ~'lvh1~i~ (?Ii:J ~btJ~~~ ~'J1~ L~1rrt.l1~Vl1'l~'J111'V'1 '"l1n 
q q 

n1~Mm~n"lJ'fl'l Siriphannon LL~:;~btJ:;(40) ~1tJ'l1t.l~1 b~'i:t.lLL~~L6jjtJ~~~ Ln 1?1i:J ~'J1~~1~1~t11 t.ln1~LVltitJ'JU 1 

1~ Ln ~n1~~~1'l e.J~ n 1e:! (?I~'fln6jj'fl:;'V'I11 Vl1?11~ ~'fltJ 1t.lmJ'LL"lI1 'W~1~~:;~1tJ~ 1~'fl'l ~~ 1 tJ"lJ 'fl'l LVI~'J 1 'Wi1'ln1tJ 

(stimulated body fluid; SBF) b(?ltJ'V'IUn1~~~1'l e.J~n'fl:;'V'I11V1 !?l~i:J'flt.l111 ~~~1tJ~ nU'fl~1~m.h'l~'J(?I L~'J 
q 'IJ 

, 9/ 

11 1tJ Vli'l LL"lIi ~(?I1 t.l SBF ~'ln1J'Ln (?Ie.J~ n'fl:;'V'I11 VI !?lu'W~t.le:i,)"lJ'fl'li~ (?I '"l:;,yh 1~i ~(?Ii:J ~ btJ~~illi~'Jrr~~'W!?l 
q q q q 

, 9/ 

LL~:;i:J ~'J1~ L~1rrt.l1~V11'l~'J111'V'1Vl ~ ~1V1fun~ 1nm~Ln (?Ie.J~ n'fl:;'V'I11 VI !?lu'W~t.le:i ,)"lJ'fl'l ~ b 'WLL~~ L6jjtJ~ Ln (?I 

'"l1 ni ~ ~~ 'Jrr ~~t.l!?liJ n1 ~~:;~1tJ"lJ'fl'l LL~~ L6jj tJ~1'fl'fl'fl'W'fl'fln~11 'W"lJ'fl'l LVI~'J 1 t.li1'l n1tJ Vl11 ~"lJ'fl'l L VI~'J 
'" I I 9.1 I 

1t.lu1L'JbtJUt.lLn ~~1~~:;~1tJ~~!K'J~'ltJ')(?I 'W'flnr.nnui:J~1tJ'l1t.l~1n1~Ln ~ silanol ~'lLn (?I'"l1n'fl'W111~"lJ'fl'l 
q 
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,2/ , 

~~ Wl b"'l~Vi ~:;~'ltJ'f)'f) fl"'l'l floW 'U~ 'd"ll'f)~rj ~ ~ ~ ~'d'l~~ 'l ~ ru1 'Ufl'lnn ~ t:.J~ fl'f):;v'l'll 'Vl i?l bU'f)~"'l'l fl"'l:; dj 'W q ~ 

2/ 

[9]'lbbVl'll~~ TI)lf'U hydroxyapatite nucleation "'l'lmr'Ubb~~ bS] m.Jl'f)'f)'f)'Ubb~:;~'f)~ b~ [?)l'f)'f)'f)'U"'l:;vhtlllmtJ'l 

'" De Aza bb~ :;~ru:;(41) l~J''ltJ~'l'U'V'J'Ufl'lJ'~~'l~-n'U~~'ltJl~ ~J''f)flS]'f):;V'l'll 'Vl i?l (hydroxyapatite-

'" '''' 
like layer) 'U'UoW'U~'d"ll'f)~"llb~'d'f)~~'l~b[?)l 'Ui1 (pseudowollastonite) b~'f)vl'l fl'lnb"llrj~ ~ 1 'U~'l~'ltJ'V'J'l bJ' 

~ q 

, '" 
~ ~"lI'f)~ ~'U ~tJ sn~ 'V'J fl &] fl J'J'~"lI'f)~rj ~ ~ 1 'Ufl'lJ'~~'l~ t:.J ~ fl'f):;'V'J'll 'Vl [?)1 'U~'l ~ 'l tJ bb~:;1 'U~ 'l J'~:;~ 'ltJ~ 'l~'f)~ q v I q 

~~'ltJ"lI'f)~ b VI~'d 1 'Ui'l~ fl'ltJ fl'l nn ~ t:.J ~ n 1~ ~J''f)nS]'f) :;'V'J'l1 'Vl [?)6"(41) 

1 'Un'l J'~ fl 'jj''l fl'd 'l ~ b ~ 'l fl'Ul~'Vl 'l~S]'d.n'l'V'J~'l b~b 'Ubbfl ~ bS]tJ ~~~ bn [?) Saadaldin bb~:;~ ru:;(42) 

'V'J'U~'l'd'f)~~'l~b[?)l 'Uvl n ~'l~ b"llJ''l~n (wollastonite glass-ceramic) ~ fl'd'l~ bljh fl'Ul~'Vl'l~~'d.n'l'V'Jrl'U 

b"ll~;~~'l~flJ':;~n J''d~t1~~~ b~1~ n'ln"'l1bk!"lI'f)~ b"ll~;bb~:;n'lJ'~ ~~ ~"lI'f)~ b"ll~~1~ Ni bb~:; Chang(16) 

vl'ln'lJ'~mj''l bmtJ'U bVitJ'U fl'd'l~ b~'l fl'Ul~'Vl'l~~'d.n'l'V'J"lI'f)~l'Ub'f) b"llJ''l~nsf 3 "l!U~ 1~ bbri b~ b'Wbbfl~ bs]tJ~~ 

~bn[?) (CaSi03) bb~ntlbs]tJ~~~bn[?) (M92Si04) bb~:;bb~~bs]tJ~~'fl~b~[?) (J3-Ca2(P04)2) lPI'flb"ll~;fl~'ltJ 

b"ll ~ ;~~'l~ n J':;(?) n 'W'U~'l1'fl'f)'f)'W~ tl ntl~ (?)t1~'fltJlOl'l fl bbfl~ bs]tJ~~~ bn [?) bb~:;bb~ ntlbs]tJ~~~ bn [?)~'l~'lJ'tl 
~ ~ 

bbiJ~'lrj ~ (?) b~b 'Ubbfl~ bs]tJ~~~ bfl [?)"'l:;~ ~ ru~ ~'U'11~ ~1 'Ubb~"lI'fl~ fl'd'l~ b ~'l rl'Ul~'Vl'l~~'d.n 'l'V'J fl'U 
q q 

'" , 
b U'fl b~'fl bb~:;~ fl ru~ ~ 'U'11~Jh n~dT'Ui?l bblPl ~'d tJ ~'d 'l ~ btl J''l :;"lI'fl~rj ~ (?) b~ b 'Ubbfl~ bs]tJ~~~ bn [?) bb~:;n 'l J'hJ 

q q 

n'6n~1'flb'f)bUba.J'fl~~b3JU~ (Glass ionomer cement, GIC) 

n~'l~l'f)b'f)b'Ub~'f)fs]b~'Wi?l (Glass ionomer cement, GIC) dj'Urj~(?)'UJ'ru:;"l!U~VI~~~ 
q ~ 

'" '" ~'l~'lJ'tltl~'fltJ~~'f)'f) h(?)1~ bb~:;~ fl'd'l~~'l~'lJ'tl1 'Un'lJ'~ (?) &](?)rl'U bU'flVf'U tln~I?J..J'U'l~'Wb(?)tJ Wilson bb~:; 
~ ~ 

Kent bb~ :;'d'l~~ 'lVI'll 'l tJ1 'UU 1972 1 'U~'d'Ut:.J~"lI'fl~ n ~ 'l ~ 1'fl b'fl b'Ub~ 'fl fS] b~'Ui?l tI J':;n'fl'U ~'dtJ t:.J ~ flbbn'd 

~~'fl'fl h'f):;~~b'U~~ bn [?) (fluoro-alumino-silicate glass) bb~ :;~'d'Ub VI~'dtlJ':;n'fl'U ~'dtJ~'lJ'~:;~'ltJ"lI'fl~ 
I 

flJ'(?)'V'J'fl~'f):;~1~fl (polyacrylic acid) (43) 

t111mtJ 'l fl'l J'ri'fll'l'd"ll'fl~ n~'l~l'fl b'fl b'Ub~'flfS] b~'Ui?l bu'UtlllmtJ'l nJ'(?) b'U~ (acid-base 
!V I I I 

reaction) -n't,l[?)'fl'Ufl 'l nn (?)t111mtJ'l ~~"'l'l fl nJ'(?)'V'J'fl~'fl:; fl1~ nsn~ bU'Wfl J'~'fl'fl'UVi'fl~1 'U~'d'Ub VI~'d"'l:;vl 'l 
'" '" , 

t111mtJ'l rl'U-n'UoW'U~'d J''f)'U'U'f) n"ll'fl~ t:.J ~ flbbn'd 1'fl b'f) b 'Ub~'flf (ionomer glass) bn (?)n'lJ't1~ (?)t1~'fltJ~'lJ'Vi~ 

t1J':;"'l'U'dn ~'fl 'fl:;~~btltJ~l'f)'fl'fl'U (AI3+) bb~:;bbfl~bs]tJ~l'fl'fl'fl'U (Ca2+) Vl1'fl~[?)J''fl'Ubs]tJ~1'fl'fl'fl'W (Sr+) 
q ~ 

b(?) tJ 1'fl 'fl'f)'UC?l~ n ~ 'l 'd 1Ol:; b n (?) fl 'l J'J''d ~ I'l'd rl 'U ~ 'l tJ"lI 'fl~ n J'(?) b U'W ~ 'l tJ "lI 'fl~ bn ~ 'fl (salt bridge) bb~:; bn (?) n 'l J' 

~~'l~ b U 'U~ ~ n 'll~b(?) J'b"'l ~ (silica hydrogel) 1'U n 'l J'~~'l~ bbfl ~ bS] tJ ~ 'V'J 'fl ~ 'fl:; fl ~b'U b~ 'Vl (calcium 
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polyacrynolate) "'l:; b n ~ 1 ~ b ~ 'J n ~ 1 'el:; ~ i'J b U tJ :w 'el:; ~ ~ t'U b ~ 'VI (aluminum polycrynolate) 
, ., 

~'111TVfl.h:;n'elu 2 nlnn ~ullmtJlnl~ri'elI?l'J"1l'el'ln~1~ l'el t'el t'Ub:W'elf;l b:W'U!?l"'l:;bn ~VlY1'U~h"1l'el'lI:J~ n bbfi'J 
. I I 2/ I 

t~t1 ~ 'J'Ubbn'Un ~1'1"1l'el'l1:J~ n bbn 'J"'l:;hJ bn ~ n 1 nu~tJ'UbbU~'1~'1~'J'Ubbn'Un ~ 1'1"1l'el'l1:J~ n bbn'JU"'l :;vllV1U1Vl 
... 

btl'Url~~rer~bb'VIm (filler) 'el~1'Ub:W'VI1ni"1l'el'l;lb:W'U11l (cement matrix) bb~:;-n'U"1l'el'l6E~n1b"'l~ (silica gel) 

"'l:;'elt1~:;VI~1'1'el'Ulll~"1l'el'lbbn'Jnub:I.J'VI1ni Vli'l"'lln1~~bn~m~ri'elI?l'Jbb~'JunmtJl"'l:;6'1~'1~ld:j'UI'l'ellu(44) 
qJ q q dJ 

cement powder 

~ "",wl 
PotyllCryHC acid 

Mn' I<' ' '''', ~ M'l--

7' 'i' 
H' H' 

~ 
l' 

Polyacrylic eckl 
COOH 

... 
111t1V1i'lnl~fm~1~~'el'l~1nYJ''Ub~~'''l~'U (intraorifice barrier, double seal) 1ojj1'Unl~"li'el:W~'VI:;~~ln 

'" q 

"'l:;~ ~~'1111t1V1i'l"'l1 n1~ ~~ nl~ri'elI?l'J'elt11'1~:WU~nr<45, 46) Kolokouris bb~:;~ ru.:;(47) vll n1~~m:11 ~'Jl:W 
q '" ., , , 

b~hn'Ul~'VI1'1~lhlll'V'l"1l'el'l Ketac Endo bb~:; Tubli-Seall\..lb~'elbtl'elbntJ'J~'U"1l'el'lVl'U t~tJ1~~"'l:;r1nU~~"'l 
qJ q qJ q 

... , 
'elt11'U Teflon tube bb~:;r1ne:r'l1~~'JVI'W'l-n'U subcutaneous "1l'el'lVl'U bb~:;vllnl~ihvl'el Teflon 'el'elm~'el 

'" 'lJ '" 

I I 2.1 I I 

~:;I?lU 1911 Vl b'J~l 5 1'W t~tJ'V'lU'V'l~1~:Wl b"1l~~ ~:wt~hvl bb~:;bb:wt~n~"'l1'Ub~'elbtl'elbntJ'J~'U~:;~unl~ 

rerm~u"'l:;~ ~~'1 b~'elb'J~l e.il'Wlu 15 rl'U bb~:;~:;~un1~'flm~U"'l:;~ ~~'1'elt11'1:Wln~~:;tJ:;b'J~1 60 bb~:; 
120 1'U 1'W"1lru.:;~ Tubli-Seal vllHhn~n1~'flm~U~'WbbN1'U1'U~ 5 bb~:; 15 bb~:;6'1~'1~:;~lm~'el'l 

q 

'" I I 2,1 I 

b~'elbtl'elb~'elrl~~~:w«~nUb~'elbtl'elbtl'U~:;tJ:;b'J~l 60 bb~:; 120 1'U Zmener bb~:;~ru.:;(48) vllnl~~m~l 
q 
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nl J'e1'1rr~ ~ 1 'tJnJ':::~ nVlib bb 36'1 "lJ 'el'l ~,r"lJ~U~l n ~l~ l'el b'el b 'tm.J'elfs] b~'W!7l~11 ~ bn ~tJlJmtJl nl J''fln b~U 

~U'eltJn~lsn'l~'V'l'el~b'V'l(?]s]b~'W!7l~J':::tJ:::b'd~110 u~::: 30 rr'W b~tJ~J':::tJ:::b'd~l 90 rr'W nlJ'(?]'elU~'W'el'l"lJ'el'l 
'" , '" 

b11'elbtJ'el ~'elrr~ ~l1'1~'el'l"1lU~i1 ~'dl~ ~~ltJ ~~'1fl'W bb~:::~UnlJ'~'fl'1 nJ':::~n 1 VllJtJn ~~~u'Wrr~ ~ Kui bb~::: 
q qJ q q 

~ru:::(49) ~lnlJ'~m~l tl'l ~ru~~u~ A'dlm36lfl'Wl~'Vll'1~lh.nlW1J'el'lrr~ ~'el ~~'el'WtJ~ltJ nnYf'W 4 "1lU~ 
q q q 

1~ uri b~~ ~lfu'elnsn b~'Vls] b~'W!7l n~l~ l'el b'el b 'Wb~'el fS] b~'W!7l A'el~b~~ (?] bb~:::b'~~Vh'el b~tJtJJ'::: bi~'Wnl J' 
'" , , 

(?]'elU~'W'el'l"lJ'el'H11'elbtJ'f).nltJVI~'1~lnlJ'e1'1rr~~~'11'WnJ':::~mJln:::bVl~n"lJ'el'lVl'WVib'd~l 2,4, 6, 8, 1 0 bb~::: 
q qJ qJ 

I 9..1 I I 

12 itJ~l~ ~U~llw'Vln"n'd'lb'd~lVi~lnlJ'~m~l b11'elbtJ'eltOi:::bn~nlJ''fim~u b~tJn1J''flm~utOi:::u'eltJVi~~ 
q q 

, "', 
ViJ':::tJ:::b'd~l 12 itJ~l1~ 'W'elntOilnili1nlJ'~m~nvhmtJUbVitJu A'dl~ bD'W~'jj'~'elb"1l~~1'el~'el'Wb'VlU~1~ i?l 

"lJ'el'lrr~~n~1~1'elb'f)b'Wb~'elfs]b~'W!7l5 "1lU~ ~'el Vitrebond, Vitremer, Fuji II LC, Fuji IX GP,bb~::: 

Ketac-Molar 1'W~'el'ltJlJU~nlJ'~U~1 Fuji IX bb~::: Ketac-Molar i1~'dl~bD'W~'jj'~'elb"ll~~1'el~'el'Wb'VlU 

" , . 
b~'elfS] b~'W(?]1 ~~~'W Pothiraksanont bb~:::~ru:::(21) ~U~l bij'elib b~b'Wbb~mS]tJ~sn~ bn (?]~l eJ~~i'd~flU 

rr~ ~n~l~ l'el b'el b 'Wb~'elfS] b~'W!7l~11 ~ih:::tJ:::b'd~l n lJ'ri'ell9l'dU'eltJ n~l b~~Vi b'el'el~h:ji1,rtJ ~l fi ru'Vll'1 ~ 11 ~ 
q '" 

Sangsawatpong bb~:::~ ru:::(23) ~l nlJ'~ n'jj'l tl'l ~'dl~ b36l fl'Wl~'Vll'1S]'d.nl~"lJ'el'l n ~l~ l'el b'el b'Wb~'elf 
, " 

s]b~'Wi?lVieJ~~b~b'Wbb~~b6jjtJ~6]~bn(?]1'W'fl(?]J'1~'d'W 10%, 30% bb~::: 50% b~m~I1V1,rn~'elb"ll~~1'V'lbUJ'U~1~ 
, " 

eJ~n1J''Vl~~'el'l~U~l n~~"lJ'el'ln~l~l'el b'el b'Wb~'elfS] b~'W!7lVi eJ~~ 50% b~b'Wbb~~ bS]tJ~sn~ bn(?] b~tJihl!l,rn tOi::: 
q 

'W'elntOilnt1 Chaisinghanuae bb~:::~ru:::(22) l~~lnlJ'~n'jj'l ~'dl~ bD'W~'jj'~'el b"ll~'6fbb~:::~ru~~u~nlJ' 
. . q; 

!V I. I . ~ I 

~'fl'1 b 11'el btJ'el bb ~'1"lJ'f)'1 n ~l~ l'el b'el b 'Wb~'elfS] b~'Wi?lVi eJ ~~b~ b 'WbbA~ bS]tJ~sn~ bn (?]~ b~~ b"ll~'6fb 11'el btJ'el1 'WYf'W 

~'W'jj'tTbmtJU bVitJU flU White ProRoot® MTA eJ~ nlJ'~n'jj'l~U~ln~l~l'el b'el b'Wb~'elfS] b~'Wi?l~ilb~b'W 
q 

'" , 
bb~~ bS]tJ ~ sn~ bn (?] eJ ~ ~llJ bn ~ ~'d 1 ~ bD'W~'jj'~'el b"ll ~ '6fb 11'el btJ'el1 'WYf'W~'W'jj'tT bb~:::~ 1 ~ 1 J'~ n J':::~'W1 ~ bn ~ 

q q 

n J':::U'd'WnlJ'bbU'Il9l'd b~~~l'W'd'W"lJ'el'l b"ll~~1~~lnn~1 White ProRoot® MTA 'elt.h'lil,rtJ~l fi '1.!'Vll'1~11~ 
" ,'" 

(P < 0.001) ~'1.nl~tJJ':::n'elU 3 'W'el ntOi 1 nn~u~ 1 b"ll ~'6fil n 1 nb~ ~'1'el'el n"lJ'el'ltJ'WVi bD'Wl9l'dU'Is]"lJ'el'l n lJ' 

" bb tJ J' ~ .n 1 ~ 1 tJ b U 'W b "ll ~ '6f ~ 'f 1 'I b 11 'el Yf 'W b ~ tJ 1 ~ bb (?] n ~ 1 'I 'el tJ 1 'I i1 ,r tJ ~ 1 fi'1.! 'I'll 'I ~ 11 ~ (P < 0.05) 

uj'elbmtJU bVi tJU flU White ProRoot® MTA 1'W'Vl n'lh'l"lJ'el'ln1J'~n'jj'1 'eltJl'1lJ'fi !?l1~n1J'bn ~n1J'~:::~~bbifil (?] 
q q 
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.d. 
'UVIVI 3 

, '" 
b6jj~ ~~'f1'1 n~~(?l nViu1~113jj1 '\..ln1~~m~ntlUlfu 1Pl':J1~'el'WblPl~1~i"'l1 n I:,J ~. 'Vl'W ru. ~'W'Vl n 

OJ q '" 

':J 'I ~ b tl11YJ 1 ~ '11 ~ f u IPl ':J 1 ~ b ~ 'W 6jj 'el U "'l1 n IPlru ~ n ~ ~ ~ n 1 ~ Vl "'l1 ~ ru 1 "'l1 tI fi ~ ~ ~ 1 'W '11 'W IJ ~ tI 

IPlru~'Vi'Wf;]bb'W'Vltl~1~f;]f ~~11J'Vltl1itl~1'W1Pl1'W'Vl~'ijb~(?J,J b~"lJ~ OENTSWU-EC09/2559 b(?lm6jj~~~ 
I 11 I I 

1~fu~1hJ~n1~~~U~'el'\..f~''elIPi'l~,r~Vi,yh1~~1~1~~b~'el~btl'l~'el~~~'1~~'WtI'el~f;]'Wbtl'W~1t1UIPlIPl~1~ ,yh 
q qJ qJ q 

'" '" '" n1n'W1~b~tI'Ib6jj~~~'f1'1n~~~n1'W~'el'lUllU~n1~ b6jj~~~'f1'1n~~~mJnb~tI'I1'W'el1~1n~tI'Ib6jj~~"1!U(?l 
, 

.c::::I c;z .c:I Q;' •• • • ® .c::::I.c::::I 

(?l b'el ~ 'el b'el ~ (Oulbecco's Modified Eagle Medium: OM EM , Glbco , Carlsbad, CA. USA) 'Vl ~ 

~':J'WI:,J~~"lJ'el'l~f~"'l1n~nrel'el'W1'':J'f'eltl~~ 10 (10% fetal calf serum: FCS, Gibco®) n~f;]1~'W 
OJ OJ 

'" .. 1'-'::::".c::::I 2,.I.cY 
(L-glutamine, Invitrogen, NY) tl1u!J"1!':J'W~bb~~tl1f;]1'Wb"1!'el~1 (100 IU/ml. penicillin G, 50 IJg/ml. 

'" , 
streptomycin bb~~ amphotericin B 2.5 IJg/ml) ,yhn1n'W1~b~tI'Ib6jj~~"1'W~'eluVi~'elru~Jl~ 37 'el'l~1 

OJ q OJ 

b6jj~b~tI~ bb~~~m~1ruIPl1fU'el'W1(?l'el'eln16jj(?l1-'eltl~~ 5 b(?lm6jj~~~'f1'1n:i'~~n"'l1nn~~t.1'eltl (Passage) 
I I 2/ g" 

Vi 3 ~'1n~~t.1'eltiVi 8 "'l~~nU1~113jj1'Wn1:i'~n'rJ'1IPlf'ltl ~'1JlT\t~U:i'~n'elU 4 
q OJ 

I .' 
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n'l"ib~~!I:J,.J~'l"imii. U n'l"i'VII?l~'2ltJ 
~1:i'~1~1'Wfl'lJ'~m~1tl:i'~fl'f)U~'JtJ 1'J'Vl1tl:i'l'Vll~~Vil'f) (White ProRoot® MTA, Oensply 

Tulsa dental, Tulsa OK, USA), fllN1~1'f)b'f)b'Wl~'f)f·1h~'W~ (Ketac™ molar easymix, 3M ESPE AG, 

Germany) lllN~b~b'Wll!PllNl~tJ~~~lfll?l (~-CaSi03) ;-:jfl1V'ltl:i'~fl'f)U~ 5 ~-:j1~fU!Pl'J1~'f)~l!Pl:i'1~~iOl1fl 

e.J ~L Vl:i'. tln.ln.l~1 m-w'Wm'W'W fl1 !Pl~"]j1l!PliJ !Pln.l~~'VltJ1 f'Il1~ I?lf ~t11U'Wl'Vl!Pl b'WblNtlV'l:i'~iOl'f)~ lfl~1lf.h!Pln.l 
q q 

'" :h~'Vl1-:jl!PliJ(13) iOl1flU'WU1~1~'f)'WeJ1'WI?l~llfl:i'-:j"ll'W1m 45 hJ!Pl:i''f)'W (325 mesh) ;-:jfl1V'ltl:i'~fl'f)U 6 

A B C 

." , 
rei 1?l:i'1~'J'W~'f)tJlN~ 50 bmtJUTvIUfl~-:j lU'W'fl 1?l:i'1~;,h'WVi1~'Vl m~'f)Ull~'JV'lU~1ln me.J~fl1~ m:i''f)fl~'f):::l''I11 'Vl ~~ 

~~ m(23) Vl1 bmtJU1~ 'J'We.J-:j"ll'el-:jb~ b'Wll!PllN l~tJ~~~ lfll?llllN~~'J'We.J-:j"ll'f)-:j fllN1~ 1'f) b'f) b'Wl~'f)f~ l~'W~~1 e.J~~ 
q 

'" ., ., 
ri'Wl'Wreil?l:i'1~'J'W 1 ~'el 1 bmtJUTt.'1Ufl iOl1flU'Wtn~1~'f)'WS]1~1'W'J'W 3 :i''f)U~'JtJl?l~lm:i'-:j"ll'W1m 451~!Pl:i''f)'W 

l~'f) 1 ~~1:i'e.J~~ l~hri'W U1~'J'We.J-:j~ e.J~~ l~hri'Wll~'J~1 e.J~~riU~'J'WlVllN'J"lI'f)-:j Ketac ™ molar ~-:j lU'Wfl:i'm 

'" 
bl"l~'f)~!Pl1~fll'W'fl1?l:i'1~'J'We.J-:j 1.7 ~'J'W ~'f)~'J'WlVllN'J 1 ~'J'W bmtJU1V1Ufl :i'1tJlN~l~tJmll~m-:j;-:j1?l1:i'1-:j 1 
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i.I I I I I I 

1 'W-n'WI?l'fl'l..lWl nl?f'h.l:W ~ '1 ~Vl1.jj1 'W n '1 ~'Vl ~Ml'1JtOl :::Vl1 Wl ~i'l ~'1 ~1 'W bri'hl'l-D'I:W 11?l ~~1 'W ~1 ~Vl1.jj1 'Wnl~ 
d.9 

" " 
'Vl ~~'fl'1JtOl::: c,h 'W -n'WI?l'flWll 'fl'l n 1 J'Vl 11 {hJ 'Cl'fl ~ b~ 'flJll tl1~ bb~ '1'fl 'Cll?l n 1'd b'fl b'Cll?l (U Itraviolet light) b1J'W 

, " 
J':::tI:::b'd'Cll 30 'W1Vl ri'fl'WVltOl:::VllmnI?l1t1:W~1J'1'W~Jll'd:::U'Cl'fl~b~'flJllt11~~'Clln'Wlf (Laminar air flow 

qJ 

cabinet) 

~ 
fJ.:J:'l.J1 (w/w) 

, 
n~:WVl1 50%CS-GI 50% CaSi03 1.7 : 1 

q 

50% GIC 
, 

n~:WVl2 MTA White ProRoot@ MTA 3.3 : 1 
q 

.:::.I QJ Q..J' d.c:all I OJ ~ g" 

1.1 n1'ab~'at.l:I-J~1'a~nlPl"1.I'fl.:J'J~~'VI:1;1'a~t.I~n'fl~'Jb'aa.J~'I.J 
q 

I I i.I 9.1 

~1~'Vl~~'fl'lJVl1c})f'1JmJ'C,J~:w1'Wn~:WVl1 bb'Cl::: 2 tOl:::blntl'l1u~'W~u1'Wbll~b~tI'Ib"1l'Cl~ 6 
q qJ qJ 

VI'Cl:W tOll ntr'WVlltihn ~~Jll'd :::U'Cl'fl ~ b;'flJllt11~f'l~tI~ bU'Wb'd'Cll 20 'W1Vl bb'Cl:::Vllnlnb"1l~1~'Vl ~~'fl'1J1 'W 
q qJ 

" " 'fllV11n~tI'I b"1l 'Cl ~~h~:w~ b'~ :WVlhJiJ6]jf:w"lJ 'fl'l'Cl n 1''d 1 'W'fll?l ~1 ~ 'd'W 0.2 nf:w l?i'fln'Cl ~~ I?l~ (g/mL) IW1:W 
qJ 

:w 11?l ~ ~ 1 'W I nternational Standard Organization (ISO 1 0993-12:2007 (E» (50) U:W 1 ~ 1 'W ~ 'fl '1J ~ 
d.9 qJ 

~1 ~'Vl ~~'fl'lJ Jl lt1V1i'l ~ ~'lJ b 'd ~ ltl'l ~ 1 ~'Cl :::'ClltitOll n ~ 1 ~'Vl ~~'fl'1J1UVI:W'Wb VI~ tI'I (Centrifuge) c})'dtl~ 1'W'd'W 
. • - q • > 

~ .-

~'fl'1J 3000 ~'fl'lJI?i'fl'W'1Vl (Revolutions per minutes, rpm) bU'WJ':::tI:::b'd'Cll 5 'W1Vl bb~'dih~1:i''Cl:::'Cllti 

~'d'WbVl'W'flI?l:::n'fl'W (supernatant) bn'1J1'WVI'Cl'fl~ eppendorf vl'fl~:Wc})'dtln~::;~1M~'fltl~ (Foil) bn'1J1~~ 

'flbl..lVlJln 4 'fl'l ~1 b"1l'Cl b6]jtl~ b~'flUl~1~~n ~~1c}):W1H1 'Wm~'Vl ~~'fl'1Jn'1J b"1l~~~~1'1n~:::~n 1?l1:w~fimJ'1'~ 
q qJ qJ 

..:::II QJ' QJ qCf I QJ ". 

1.2 n1'ab~'at.l:I-J~1'a~n ~"lI'fl.:J'J~ ~'VIa.J'a~t.I~n'fl ~'J~a.J'IJ'aru 
q ~ 

I I i;' i.I 

~ '1 ~'Vl ~ ~'fl'lJVl1c})f'1J n 1 J'C,J ~:w1 'Wn ~:WVl1 bb'Cl::: 2 tOl:::bl nUl1u~'W J'u1 'Wbll ~ b~ tI'I b"1l 'Cl~ 
q qJ qJ 

" , " 
6 VI'Cl:W tOll n't!'W1'~ C?ltOl::;bl nU~'fltl1 ~ri'fl !?l'd'flth'l~:W'1JnWVlm1..lVlJl~ 37 'fl'l ~1 b"1l'Cl b6]jtl~ ~'dl:w~'Wi:wvr'Vlfi 

q q qJ cu q qJ 

~'fltl'Cl::; 95 bU'W~:::tI::;b'd~'1 24 i'd b:W'l Jllt1V1i'l~~'1Jb'd'Cl'11' ~ ~tOl:::bl nVll bfl ~~Jll'd:::U'Cl'fl~ b;'flJllt11~f'l~ tI~ 
q qJ , cu 

b U'W b'd ~ 1 20 'W 1 Vl tOl 1 n tr'W bb "1l ~ 1 ~'Vl ~ ~'fl '1J1 'W'fl 1 VI 1 nitl 'I b"1l 'Cl ~~h~:w ~ b~:W ~1~ iJ6]j~:w "lJ 'fl 'I ~ n l' 'd 1 'W 

'fll?ln~'d'W 0,2 nf:wI?i'fln'Cl~~I?lJ' (g/mL) .1?l1:W:Wll?lJ'jl'W International Standard Organization (ISO 
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1 0993-12:2007(E)) tJ~1~b 'kl~'el'lJ~~ ru'VI.1Jii 37 'el~ 1"11 b"l!~ b6]tJ~ btl'klJ'~tJ ~b'd~l 24 -E''d t~~ b ~'elVl1 fl1J' 

~ rl f?1 bbtJ fl ~ 1 J''Vl f?1 ~'el'lJ .n 1tJ'VIi~ ~J''lJ b'd ~1'W1 ~ 1J'~~~1 tJ~l fl ~1 J''Vl f?1~'el'lJhJ'VI~'klb 'VI~tJ~ (Centrifuge) 

~'dtJ~l'kl'd'klJ''el'lJ 3000 J''el'lJI?i'el'kl1Vl (Revolutions per minutes, rpm) btl'klJ'~tJ~b'd~l 5 'kl1Vl bb~'dtJ1 

~1J'~ ~~1tJ~'d'klb 'VIU'el (?l~fl'el'kl (supernatant) bn'lJb 'kl'VI~'el f?1 eppendorf 'IA'el~~ ~'dtJ fl J'~f?11'jj''el ~~ ii1!~ . ~ 

.c:r...::::1 Q,oo" .::::Iq.c::r, ~ 

'dfifl1J''d f?1 iPI'd1~~"ll'd 1?l"lJ'el~ b"l! ~~ 

2. n1"abIPl1t13J~1"a~ n 1Pl"ll'el.:J:r~ l1IcVicvl1 n1"a'VIl1l~'el'IJ-i1'V1~'IJ n1"a'l..1"a::: bij'kl n1"a~:::~3J bbifl11Pl 
• q 

o ~ 

~1J''Vl f?1~'el'lJVl1~ ~'lJfl1J'eJ~~~~(lfltJ111lb~b 'kl(ll f?1 b~tJ~ b"l!~~ 6 'VI~~ 1'~ f?1~~(lflll~'eltJb ~ 
qJ q q qJ 

o ~ 0 

ri'elI?i'd~~'lJJ'ruVl'elru'VI.nii 37 'el..:J1"I1b"l!~b6]tJ~ iPI'd1~~'kll~vr'Vlfif'eltJ~~ 95 btl'klJ'~tJ~b'd~1 24 "1i'dt~..:J 
~ . ~ 

~ . ~ 

.n1tJ'VIi~ ~J''lJ b'd ~11'~ f?1~~(l flVl1b ihn f?1~.n1'd ~1l~'el f?1 b~'el.n1tJb~~..:J~tJ~ btl'klb'd~l 20 't.I1Vl ~1 fl1!'klVl1 fl1 J' . ~ ~ 

~ I tr I iI I 

bb"ll ~ 1 J''Vl f?1 ~ 'el'lJ b 'kl'el1 'VI 1 J'b~ tJ ~ b"l! ~ ~Vl ij ~ 'Vl~ b'Vl'U tJ 'd tJ 1 fl1 J'~~1..:J b U'el b~'el bb -ii~ (Osteogenic media) 

~~llJ'~fl'el'lJ~'dtJ~'d'kle.J~~"lI'el~ flJ'f?1bb'el~bb'el~iPI'elU~ (L-Ascorbic acid, Sigma-Aldrich) 50 1~t~m~~ 

l?i'elii~~Hll?lJ' U~1fl~b"l!'eltJ'vJ'el~bvJl?l (~-glycerophosphate, Sigma-Aldrich) 1.08 ii~~fl~~I?i'el 

ii~~~I?lJ' bb~~bf?1fl"l!1b~'Vl1t"l!'kl (Dexamthasone, Sigma-Aldrich) 0.11~t~J'fl~~I?i'elii~~~I?lJ' bb~~ 

tJ111li..l~1~b 'kl~'el'lJ btl'klJ'~tJ~ b'd ~1 24 -E''d t~..:J I. ~'elVl1 fl1 J'~ rlf?1 bbtJ fl ~1J''Vl f?1 ~'el'lJ .n 1tJ'VIi~ iPI J''lJ b'd~1tJ1 
~ 

~1J'~~~1tJ~lfl~1J''Vlf?1~'el'lJ11l'VI~'klb'VI~tJ~ (Centrifuge)~'dtJ~1'kl'd'k\J''el'lJ 3000 J''el'lJI?i'el'kl1Vl 

(Revolutions per minutes, rpm) btl'klJ'~tJ~b'd~1 5 'kl1Vl bb~'dtJ1~1J'~~~1tJ~'d'klb'VIU'elI?l~fl'el'kl 

(supernatant) bn'lJb'kl'VI~'elf?1 eppendorf 'IA'el~~~'dtJflJ'~f?11'jj'yJ'eltJ~ (Foil) bn'lJ1~~~ru'VI.1Jii 4 'el~1"I1 

b"l!~ b6]tJ~ b ~'eltJ1~1J'~ rl f?1~1~~lbojjb 'klfl1J''Vl f?1~'el'lJ rl'lJ b"l!~~~~1~ flJ'~ f?1 flI?l1~~~fl1J'1lJ'~bii'klfl1 J'~ ~~~ 
~ 

~----------------------: 
: Osteogenic medium containing the , 
: material extract (diluted 1:8) was : 
, renewed every 2 days, totalling 21 days , 

! ___ __ i: ~o~~a~t~~t~ ~h~ ~~I~ ____ j 
lxl03 cells/well 

~ ~ ~ ~ 
G G Positive contro1 

(Osteogenic media) 
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n1~'Vl ~~'flU ~'J1~ b~hn'Wl~'Vl1\1~lh.n1~"lI'fl\ltj~~ ~'fl b6J!~~~'f1\1 n~~~niOl~~1 n1~Pi m~n 1'W 2 . ~ 

" U~~b~'Wl?i\l ~'fllUU 

1. Fl 'J'l3H en'l n u'1. ~'VI1-3"ll 'J .n1~ "lI 'fl-3tj' ~ ~.rv1 ii 'i~!I~ ri 'fl r;l'H13J IPi U (initial setting) 

I. m!l 'lJ I. .vi !I 'lJ n'lJ tj' ~ IP1 cV1 ii 'i~!1 ~ ri 'fl r;l 'J ~ 3J 'IJ 'i W 
q ~ 

b~'flf6Jl b~'Wr?l~ii'i:~ 'i: 'Wbb~~ b6Jltl~on~ bn·[;1 e.J~~iOl~tj ~iOl1 n n1~tj ~ ~'J1~ii6Jl1J [;1"l1'fl\l b6J!~~bb~~n1 ~bbl1\1l?i'J b ~~ 

~1'W'JU"lI'fl\l b6J!~~VI~'liOl1 n~ b6J!~~~'f1\1n~~~ni~ er~ n1J~1~~n ~"lI'fl\ltj~ ~ bb~~~1n1~'Vl ~~'fl1J ~'JtJlJfi 
~ . 

" , 
b~~ViVi (MTT assay) 'i:~m6J!~~~'f1\1n~~r?JmJm~tJ\ll'Wbl1~ 96 VI~~ (96-well plate) Vi~'J1~VI'W1bbti'W 

" , 
2x1 03 b6J!~~~'flVl~~ 1. U'fl1V11n~tJ\lb6J!~~ DMEM Viii FCS 'f'fltJ~~ 1 0 ~1'W'J'W 200 1~'i:~~~[;1~ b1J'Wb'J~1 • 

I I 2.t • 9,.1 

24 i'J'i:~\I b-vl'fl1ihn~n1~tl~bn1~"lI'fl\lb6J!~~1J'Wbl1~ 96 VI~~ VI~\liOl1mJ'W'fl1V11~ViVjjb~tJ\lb6J!~~iOl~b1n . ~ 

, , , 
Q,<o" ~ i.- I Go'.c:I.c:I I cv (J"".cS. .c:I 9..t g,., I Go' g,., 9/ cv 
[;1'Jb~~[;1'Wbb~~n'CI~"lI'fl\l'J~~'Vl~~~tJ~n'fl[;1'J~~1J~ru 6J!\I~~'J1~b"ll~"lI'W[;11\1n'W 5 ~'J1~b"ll~"lI'W ~\I .. ~ 

.n1~U~~n'fl1J~ 81~bbri ~1~~n~"lI'fl\ltj~~~1~1~f1Jn1n~'fliOl1\1 (no dilution), bb~~~1~~n~"lI'fl\ltj~~~ • • 
" 1~f1Jn1~b~'fliOl1\11'Wi'(?1~1~'JU 1: 1, 1 :2, 1:4, bb~~ 1:8 [;11~~1l?i1J'i:~tJiin~~~'J1J~~bU'W'fl1V11n~tJ\lb6J!~ • • 

b6J!~~.n1tJi.~n~'fl\liOl~'Vl~~~'I! (phase contrast microscopy) ~1n1~ihr.f~~1~~n~"lI'fl\ltj~~~~1n1~ • • 
'Vl~~'fl1J'fl'flmb~~~1\1~htJ Phosphate buffer saline (PBS) m~1ru 100 l~'i:~~~[;1~/VI~~ bb~~b~~~1~ • 

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylterazolium bromide] ~1'W'J'W 50 l~'i:~~~[;1~/VI~~ 
, " " 

11~b6J!~~bUUb'J~1 2 i'J'i:~\I iOl1mJ'Wihr.f~~1~ MTT bb~~~1\1~'JtJ Phosphate buffer saline iOl1mJ'W 

b~~~1~ DMSO 100 l~'i:~~~[;1~/VI~~ bb~~tj~"'i1n1~r?J~n~'Wbb~\I (Absorption spectrophotometer) 
, , 

-=I .... 'i' 
'Vl~'J1~tJ1'J~~'W 570 U1 b'Wb~[;1~ 

..... rrnoXlloJiiuIUmtllI\J ..... 1 

I 

I 
1~r.1MI 
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51.' 5V 1 a." 

~"lI3J"lIU ~~~~~'J~' IPn.:J nu 

n'~"Vl ~~'fl1J rl'l1~b~hn'W1~Vl1..:!~'l111'W"lI'fl..:! b"l!~~~~1..:! nJ'~~n l?i'flrJ~ ~ n~1~1'fl b'fl b'W .. . 
b~'flf6lh~'Wl1f~iI b~hmrl~ b~~~sn~ bn I?l ~~~~~rJ ~~1n n1J'rJ ~ rl'l1~iI~~ I?l"ll'fl..:! b"l!~~bb~~n1nbtJ..:! I?l'l b~~ 

~1'W'l'W"lI'fl":!b"l!~~Vli..:J~1n~b"l!~~~~1..:!nJ'~~nl~er~nU~1J'~n~"lI'fl":!rJ~~~Vi1n1J'Vl~~'flU~'l~~fibii~VIVI .. . 
" , 

(MTT assay) b~m"l!~~~~1..:!nJ'~C?JntJm~~..:!1'Wbl1~ 96 VI~~ (96-well plate) Vlrl'l1~VI'W1bb'W'W 2x10
3 

" , 
b"l!~~I?i'flVl~~ 1'W'fl1V11n~~":!b"l!~~ DMEM VIii FCS ~'fl~~~ 10 ~1'W'l'W 200 1~brlJ'~I?lJ' btl'Wb'l~1 24 • 

I , iI' I iI 

i'lb~":! b~'fl1ihn~n'J'tl~bn1~"lI'fl":!b"l!~~U'Wf;11~ 96 VI~~ Vli..:!~1mr'W'fl1V11J'Vl1:nb~~":!b"l!~~~~t:lnih~~ . .. 

111'V'ltlJ'~n'fl1J~ 91~bbri ~1J'~n~"lI'fl":!rJ~~~hJ1~f1Jn1n~'fl~1..:! (no dilution), bb~~~1J'~n~"lI'fl":!rJ~~~ • • 
1~f1Jn1n~'fl~1..:!1'Wre11?lJ'1~'l'W 1:1, 1 :2, 1:4, bb~~ 1:8 1?l1~~1~1J 1'Wm~1ruVl~~~~ 100 1~bcPlJ'~I?lJ' • 

I iI I 9/ 

b~~1~n~~cPl'l1JcPl~ btl'WVI~~Vl1~'fl1V11n~~":!b"l!~~ DMEM VIii FCS ~'fl~~~ 10 ~1mr'WVi1n1J'tJ~b"l!~~ • • • 

, 
o 0 Q.oo" Q,;' cv..:::::lo 9/ 2.1 

contrast microscopy) Vl1n1m1~~~1J'~n~"lI'fl..:!'l~C?lVl'Vl1n1J'Vl~~'fl1J'fl'flmb~~~1..:!~'l~ Phosphate 

buffer saline (PBS) m~l1ru 100 1~brlJ'~I?lJ'/VI~~ bb~~b~~~1J'MTT [3-(4,5-dimethylthiazol-2-yl)-
, " 

2,5-diphenylterazolium bromide] ~1'W'l'W 50 1~brlJ'~I?lJ'/VI~~ tJ~b"l!~~dj'Wb'l~1 2i'lb~":! ~1mr'W 
" n1~~~1J' MTT bb~~~1..:!~'l~ Phosphate buffer saline ~1mr'Wb~~~1J' DMSO 1 00 1~bcPlJ'~I?lJ'/VI~~ • 
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n'l'itl'i~b3j'Un'l'i~~fU,Jbbifi'llPl (Mineralization assay) .. 
~ I 

~'ln'ln'V'l'l~b~tJ-:Jb"l!~~~~'l':m~~~n1'Wm(?J 12 'VI~~ (12-well plate) Vi~'d'l~'VI'W'lbbti'W 1 x 10
4 

~ I 

b"l!~~I?i'El'VI~~ 1'W'El'l'VI'ln~tJ-:Jb"l!~i OMEM Viil FCS ~'EltJ~~ 1 0 ~'l'W'd'W 200 1~b~~~I?l~ biJ'Wb'd~'l 24 
q 

I I iI 2.1 

on'd b~-:J b~'El1 ihn (?In'l~~ (?J bn'l~"1I'El-:J b"l!~~U'Wtl'l (?J 'VIi-:J'"l'lmJ'WVl'ln'Wrl'l{ (?J'El'l'VI'ln~tJ-:J b"l!~i'El'El n bb~::: 
• '" I (f" I 2.1 I I 

.<:::I 2..1 .QI 6"'.c::I.<=I.Q.c:I 0 9/.c:::!I.c:::!I cz ..:::9: .c::I IV 

bb'Vl'W'Vl (?J'dtJ'El'l'VI'ln~t.I-:J b"l! ~ ~'Vl~ 'l'Vlfib 'VI'WtJ'd'W'l n'l~~~'l-:J b 'W'El btJ'El bb"1l-:J (Osteogenic media) "l!-:J~~'l~~ n (?J 

"1I'El-:Jrj~(?J~1~fun'ln~'El'"l'l-:J1'W'f1'I?l~'l~'d'W 1:8 m~'lru 2 iJ~~~I?l~I?i'El'VI~~ b(?JtJVl'ln'lnU~tJ'W~'l~'Vln 
q q q 

n'Ci~'Vln 2 rj'W '"l'W~J'Ub'd~'l 21 rj'W b(?JtJiln'Ci~~'du~~u'dn biJ'W osteogenic media bb~:::n'Ci~~'dU~~ 
q q q q q q 

~ I I 

~U biJ'W'El'l'VI'l n~t.I-:J b"l!~i OM EM F-12 C?i-:Jll'l'V'lU~:::n'ElUVl1 0 bil'El ~~U b'd ~'l Vl'l n'l ~~'l-:J ~'dtJ'I'J'El~ b'I'J I?l 
~ ~ 

~ .. I .... I IS'" L1 IS'" Q/ ..::s cr-2.I Qi ~I .c::I 0 9,.1 2.1 0 

UnbY'i'El~"l!'l b~'W 1 ~~-:J bb~~tJ(?Jb"l!~~(?J'dm~'Vl'l'W'El~btJ'Wbu'W~:::tJ:::b'd~'l 10 'W'l'Vl bb~~'Vl'ln'l~~'l-:J(?J'dtJ'W'l 
I ~ I 

ni'W "'l'ln,r'Wbi~i~~'fl~~"l!'l1'W b~(?J [Sigma-Aldrich] Viilrh~'d'l~biJ'Wn~(?J-~'l-:J (pH) 4.2 m~'lru 2 
'" I iI I 

iJ~~~I?l~I?i'El'VI~~ biJ'W~~tJ~b'd~'l 3 'W'lVi ~'l-:J~'dtJtJ'lni'W 3 ~f-:J l?l'lnHhb~-:J1'WViil(?J bb~~Vl'ln'l~ q . 

~ 

I 

I I I I 
~ ~ ~ ~ 

." 

~ ~ 

bb'U'U~'el-:ln'i'l1?l (Scanning electron microscope: SEM) 
~ 

n 'l ~bI?l1tJ~ rj ~ (?J ~'l'VIfu n'l ~I?l ~'d"'l~'ElU n'l ~~ (?J ~ (?J"1I'fl-:J b"l! ~ ~u'W~'W~'drj~ (?J Vl 'l b(?JtJ n'l~tJ 'l 
q q 

I ~ 

~'d'We.J~~Vl e.J~~ b;;'ln'W~'l~'W~U~'dmbUU'VI'Ci'fl'fl~~iJ bUtJ~ ~-:Jll'l'V'lU~~n'flu 11 b(?JtJ~'l~'Vl (?J~'flu"'l:::mj1 'W 
'" '" '" 

~UbbUU"1I'El-:J6]b~'W(;]~~'WJ'U"1I'W'l(?Jb~'W~h~'WtJn~'l-:J1.h:::~'lru 4 iJ~~b~l?l~ ~-:JU~:::~'lru 6 iJ~~b~l?l~ 
qJ qJ qJ qJ 

1l'ltJ'VIi-:Jn'lnI?l1t.1~~'l~'Vl(?J~'flu1'Wbbl?i~:::n'Ci~'"l:::tlntJ'lhJ'd'l-:J1'Wtl'l(?J 24 'VI~~ (24-well plate) bb~~ 
q '" q 

tJ'l1utJ~1~1'W~'fludJ'W~:::tJ:::b'd~'l 24 i'db~-:J 
'" 
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[ -~ ] 
[ =~] . IDfi!R!!!!!·~ . 

~ ~ 

!ll'V'ltlJ'~n'elu 12 LL~I?l-.:J..n'W!?l'el't.mlJ'!?lJ''JiOl~'elUnlJ'~I?l~I?l"lJ'el-.:JL"J!~iU'WYl'Wel'J1'~1?l 
q 

~ ~ 

1 'W-n'W(?l'el 'Wn 1 J'!?l J''JiOl ~'elU n 1 J'~ I?l ~ 1?l"lJ 'el-.:J L"J! ~ iu'WYl 'WeJ 'J l' ~ I?l 'ell?l tJ 'el 'W tl ~ 1 tJ J'1 n ~-.:J 
q q 

~ 

!l1'V'l1JJ'~n'elU 12 LLU-:I'el'elmU'W 2 n~:w ~-.:Jtl 
q 

2) 'hJ J'J''Vl L~:WVi L'el bl?lmLU-.:J'el'elmU'Wn~:wrJ'eltJ 4 n~:w !?l1:W L'J~1~1ojj1 'WnlJ'U:W L"J!~i~ 
~ q q 

4, 8,LL~~ 24 i'Jb:W-.:JLL~~1ojj glass slide Lu'Wn~:WI"l'Jul"l:W 
q q 

,~ , 
1'~ I?lViUl~1'WW1J'~'WJ'U LL~~1~~unlJ'u:wl~1 'W~ViiJ'elru'VI!lil 37 'el-.:J~1 L"J!~L~tJ~ LU'WL'J~l 

q qJ <u q IlJ 

, , ~ 

24 -n'Jb:I-J-.:J d:j'elI"lJ'UL'J~l1'~l?liOl~Cln'Jl-.:Jl~1'Wbl1l?l 24 'VI~:W iOllmr'WLL~~~'VI~:l-JiOl~Cln1~L"J!~i~~1-.:JnJ'~l?ln 
q qJ q q ClJ ClJ 

m:Wlru 2 x 10
5 L"1!~i/'VI~:W illClll?l'VI~:wltlL~l~U:w~iJ'elru'VI!lil 37 'el-.:J~lL"J!~L~tJ~ !lltJ1~ 

q q ClJ q ClJ 

~ , 
1"l1fu'el'Wll?l'el'elnl"J!~ ~'eltJ~~ 5 LL~~1"l'J1:w~'Wl:W~'Vlfi~'eltJ~::: 100 !?l1:WL'J~lVinl'V1'W1?l1'WLL~~~n~:I-J . q 
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, ~ 

bij'El f)J'Ub'd~I'Vi1 mJ'~h~ ~'d~Yl'El~ bYl ~U~ bYlf)f"1l11~'t1 3 f)~~ vhmJ'~ ~ b"1l~-5~'d~n~ ~1J'1~ ~1~C?1 ~f)~~~ 
'" 

2.5 bU'Wb'd~1 1 i'dhJ~ 91mf'WVi1mJ'~~J1 (dehydration) ~'dmf)fi~bb'El~nf)~f)-5~f)~~~ 30 (15 'W1Vl), 

~f)~~~ 50 (15 'W1Vl), ~f)~~~ 70 (15 'W1Vl) bb~~~mJ~~ 95 (15 'W1Vl) t~~Vi1~"1 3 f)i~~f)'d1~b~~~'W 

~f)~~~ 95 91mf'WVi1n1nb"JicK'df)th~1'W hexamethyldisilazane (HMOS) bU'Wb'd~1 30 'W1Vl ~1'W 
~ 

n J'~U 'd 'Wn 1 J'Vi 1 Hhd~~ (drying) bb~ ~iJ 1 ~ 'W cK'd f) t.h ~ 1 U bf) ~ f) UVl f)~ bb~ ~iJ 11 U ~f)~Jl1 ~1~ n ~ f)~ 

9~VlJ'J'~'IRi b~n ~J'f)'WbbUU~'El~ nJ'1 ~ cK~Jl1'V'luJ'~nf)U 12 
q 

~ 'd tJ ~ fi b ~ ~ Vl Vl (MTT assay) e.J ~ ~ 1 ~ 9 ~ bb ~ ~ ~ b U 'W fi 1 n 1 J' c:1 ~ n ~ 'W bb ~ ~ (Absorption 

spectrophotometer) ~ f)'d1~~1'd f)~'W 570 'W1 t'Wb~ ~J' ~1V1~un1J'~mj'1 f)'d1~ b~1 n'W1~Vl1'1~'dJl1'V'l 

"lJ'El~rJ~ ~~~J'~~~ri'ElcK'd ~~ ~'W (initial setting) bmtJU bVltJunUrJ~ ~~~J'~~~rif)cK'd~~UJ'bW 9~vhn1J' 
q q '" 

~bcPlJ'1~~fi1Vl1~~'l1 ~~'d~~'l1 ~Vl ~~f)UVl (I ndependent Sample T -test) bb~~n1J'~mj'1cPl'd1~b~1 n'W1~ 

fi1Vl1~~ 'l1 ~ t-l'd ~Vl1 b'dtJ'El~t 'W'd1 (Three-Way ANOVA) bb~ ~Vi1 n1nm~u b Vl~UJ'~VI~1~ n~~ ~'d~Uf)'W 

b~'El~Hl (Bonferroni) n1J'J'1m1'Wfi1~'El~~~f)'d1~~~~~"lJf)~b"1l~-59~~1'W'dru~1~~~J'~1'W'dru ~~bb~~~ 

1'WJl1'V'lUJ'~n'ElU 13 

AiL 'U~tJ n'1~V1 V1 n~h.Jhl'i'l..j'll'B,mg;j~VlIfl~'1l1J - Ai L'U~tJ n1~V11fl n~'WbL'i'l..j'll'B..j~f'J.~ LJ.Jg;j" 
"-----"-:--"--''--''-:!!-----"--- --".----".""-.. --.-.~- .. ----"-,,-"---,,-~~~-"""-.-""~-----.--------,,--.--,,-"-""- -" X 100 
A i L'U~tJ n1~lfllfln~'Wu'i'l..j'll'B..j ng;j~ rl':lU rl~ - AiL 'U~tJn1~1fl1fl n~'WLb~..j'll'B..j~1Ii:w Ltl~i 

'U 'I 'I 'I.i 'I 

n1'ii'tJ'ii'~dhJn1'ii'~~~:J,Jbb'h:n~ (Mineralization assay) • 

e.J~ mbcPl~ b6Jlm")"lJf)~ b"1l~-5~~1~ nJ'~(?ln Vi1n1nnU~f)~~ t(?l~ n'1nh~Jl1'V'l ~'d~ n~f)~9~Vln~'t1~ f)'d1~ 
'U q.J q cu 

bu~tJ'W(9h~ bYl~ bb~ ~Vi1n1J'~ bf)J'1~~e.J~ ~'d~~'l1 ~ b~'1'V'lJ'J'ru1 (Descriptive statistics) 
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~ ..c:::lit. d' g,., J ..:::II. OJ 

n1~lPl~'J~~'fl'U n1~tI CPllPl CPl"ll'fl..!! b"1!~ ~~ ~1..!!n~:: CPl nuw VfW eJ'J'J~ CPl 
<u • 

~ ~ 

n 1J'(?] J''dliil ~'el1J n1J'tJ (?l ~ (?l"1l'el~ b "]j ~ '6f 'tl~1~ n J'~(?l nU'wYhJ~ 'drJ'tl (?l'el (?llJ'el'Wtl~ 1tJJ'1 n t(?lm:;'1~'W 
<IJ •• 

~J'J'ru1 (Descriptive statistics) 



...,;. 
'lJ'VI'VI 4 

n1'itJ ~ fl'J13JiJ~~ ~"lI'el.:J bSZf~~ bb~~n1'itJ ~n1'ibbu.:J ~'J b ~:IJ~1'u'J'lJ"lI'el.:J bSZf~~ 
~Y.l1d-J b~h n'W1~vn~~'"JJlI'V'J"1I'el~ b6jj~~~~I~nJ'~(?1nf?l'elrf~ (?1n~l~ 1'el b'el b'Wbd-J'elf~ bd-J'W~~iJbd-Jb'W 

'" q 

bbrl~b~tld-J~~bnl?H.J~d-J1'W'fi'(9lJ'1'Cl'"J'WI:Nf?lmflbVhnu 1.7 f?l'el 1 '"l~vllnlJ'~mj-I'"llnnlJ'rf(?1rl'"Jld-JiJ~'i;J(9l 
"1I'el~ b6jj~~bb~~nl nb'JJ~ rK'"J b~d-J~I'W'"J'W"1I'el~ b6jj~ ~~~~'"l1 n~ b6jj~~~~I~ n J'~(?1 nld-J ~~ nu~ 1J'~ n (?1"lJ'el~rf ~ (?1 

'" q 

bb~~vll nlJ'Vl (?1~'elU ~'"JtI':3fib'~d-JVlVl b(?1t1 ~~ nlJ'Vl (?1~'elU'"l~bb~ (?1~ bU'Wrl1 nlJ'r?1 (?1n~'Wbb~~ ~ rl'"Jld-Jtl1'"J rl~'W 
'" 

570 'WI b 'Wbd-J (9lJ' 1 'Wn1J'~m~n rl'"J1d-J b~1 n'W1~VlI~~'"JJlTV'j"lJ'el~ b6jj~~~~I~ nJ'~(?1 n f?l'elrf~ r?1'"l~~'"lIJ'DJI1 'W 2 
'" q 

2,.1 2.1 I Q;' 

rl'"J1d-J b "1Id-J"1I'WInI~ n'W 

rl'"J 1 d-J b ~ 1 n'W1~Vl1~~'"JJl1'V'J "lJ'el~ b6jj ~ ~ f?l'el rf~ (?1~ ~h~tI~ ri'el rK'"J bi-d-J ~'WbmtlU b Vl tlU rlurf ~ (?1~iJ 
q q 



E 

0.500 

0.450 

0.400 

c 0.350 
o 
[;; 0.300 
>­..... 
. ~ 0.250 
Q) 

~ 0.200 
ro 
u 
~ 0.150 
o 

0.100 

0.050 

0.000 
initial set 

fl ~ 
, I 

I ' 
i ': 
! I I j 

I l_J .. 
complete set 

• GI-CS (nd) C GI-CS (dill:l) C GI-CS (dill:2) C GI-CS (dill:4) C GI-CS (dil 1:8) • MTA (nd) 

mMTA (dil1:1) C MTA (dill:2) C MTA (dill:4) C MTA (dill:8) c Control 

• IV 

b 'l ~ lIP) 'Hin 'I.J 

27 

cP1'dl:W b ~1 n'WH1'Vll'l~jhJll'\"j"1J'fl'ltJ~ ~JllU'VIi'li:l ~:;U:;ri'fl ~'d ~:WU~ru~~:;t9iUcP1'dl:W b ~:w~'Wl?il'l n'W 
q ~ 

bb(9]nl?il'lnil'flt11'li:lum~1 ~'1J'Vll'l~!i~ (P > 0.05) 'flt11'lhfi~h~'fl b6jj~~~"il'lm:;~n~:wer~~1~~n~"1J'fl'l 

tJ~ ~n~1~1'fl b'fl b'Wb:W'flf~h:w'Wi?l~i:lb:Wb 'WbbcP1~ b6JlU:W~~ bn (9] ~~:w~~:::t9iu cP1'dl:W b~:W~'W~'l~ ~ dJ'W~:;U:;b'd~l 3 
q ~ q 

Umh~'1J'Vll'l~!i~ (P < 0.05) U~:::b~'flb6jj~~~"i1'ln~:;~nl:wer~~1~~n~"1J'fl'ltJ~~n~1~1'flb'flb'Wb:W'flf 

6Jl b:w'Wi?l~i:lb:Wb'WbbcP1~ b6JlU:Won~ bn (9] ~~:w bU'W~:;U:;b'd~l 7 tJ'W '\"jU~ln~:W~l~~n ~ b~:W~'Wbb~:;n~:W~l~~n ~ 
. q q 
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, , 

1:8 'flt.h'l~'t!t1~1AruVl1~~~~ (P < 0.05) bij'fl~1Ol1:i'ru1VlrJ~enbil~Vib'fl 'V'l1J~1 e4~n1:i'Vlen~'flUn1:i'rJen 
~ q 

,",'d1~~~';) IWlJ'fl'l b"1i~ ~ ~~1'1 n :i'~en n b~'fli~ ~~~1:i'~ n en6lJ'fl'lrJ ~ en bil~Vi b'fl~:i'~~1J ,",'d1~ blll~1llk\r?l1'1 nk\b1Jk\ 
~ q 

:i'~t1~b'd~1 1 rJk\ ~~1n1:i'~enn~k\bb~'Itk\bbr?l~~n~~hlbb~n~h'lnk\'flt.11'1~'t!t1~1flqJVl1'1~(l~ (P > 0.05) 

bbr?lb~'flb"1i~~i~er~~1:i'~nen6lJ'fl'lrJ~enbil~Vib'flbUk\:i'~t1~b'd~1 3 bb~~ 7 rJk\ 'V'l1J~11"i1n1:i'enenn~k\bb~'IlW 
q ~ 

n~~~1:i'~nenblll~1llk\"'l~~1"i1iJ'fltln~1n~~~1:i'~nenbr.il'fl1Ol1'1bk\'E1~n~'dk\ 1:1, 1 :2, 1:4 bb~~ 1:8 m.h'l~ q q 

't!t1~1flqJVl1'1~~~ (P < 0.05) 

b~'fl~"'l1:i'ru1b k\lhroltl ~1k\b'd~1~ b"1i~~i~ ~~n1J~1:i'~ n en6lJ'fl'lrJ~ en 'V'l1J~1 b"1i~~~~1'1n:i'~enn 
q ~ 

b~'fll~ er~~ I:i'~ n wr ~ en n ~1 ~ b'fl b'fl b k\b~'flf·lh~k\!?l~~b~ bk\bb,",~ b~t1~~~ bn ~ e4 ~~ ~1~1:i'bl b ~~;';1k\'dk\1~ 
q 

... , , 
~1n~k\~1~-rl'd'lb'd~1 1, 3 bb~~ 7 rJk\'flrJ1'1~'t!t1~1flqJVl1'1~~~ (P < 0.05) bk\6lJru~Vin~~b"1i~~Vll~~~ 

~1:i'~nenrJ~enbil~Vlb'fl~1~1:i'm~~;';1k\'dk\1~~1nik\bk\rJk\~ 1 bb~~ 3 'flrJ1'1~'t!t1~1flruVl1'1~~~ bbr?l 
q . -

m~1rub"1i~~1'WrJ'W~ 3 bb~~rJk\~ 7 hj'V'l1J,",'d1~bb~nr?l1'1'flrJ1'1~'t!t1~1flqJVl1'1~(l~ (P > 0.05) 

b~'fl~"'l1:i'ru1b k\UlOlrolti ~1k\rJ~ en 'V'l1J~1 1"i1m:i'enenn~k\bb~'I6lJ'fl'l b"1i~~b~'fll~ ~~ n1J~1:i'~ n en6lJ'fl'l 
q ~ 

1:2 'V'l1J~11"i1n1:i'(9J~n~k\bb~~~1nn~1bil~Vlb'fl'flrJ1'1~'t!t1~1flqJVl1'1~(l~b'WrJ'W~ 7 (P < 0.05) bb~~b~'fl 

b"1i~~~i~ ~~~1 J'~ n en6lJ'fl'lrJ~ en n~1 ~ b'fl b'fl bk\b~'flf~ b~'W!?l~ ~b~bk\bb,",~ b~t1~~~ bn ~ e4~~ br.il'fl1Ol1'1b k\ 
q 

, , 

~'d1l1'V'l6lJ'fl'lrJ~ enVl~ :i'~t1~ri'fl ~'d~~1JnWVi:i'~~1J,",'d1~ blll~~k\r?l1'1 nk\lOl~bb~ en 'I ~'I1?l1:i'1'1 3 
q ~ 



mn~l'1l 1'1l 1'Wb~'1lf~ b~'W~~m~1'WbbAfH~tJ~ 

6TI~bnVlj;.J~~ 

dl 

b9'1l91\l 1:1 

dl 

b9'1l91\l 1:2 

dl 

b9'1l91\l 1:4 

dl 

b9'1l91\l 1:8 

dl 

b9'1l91\l 1:1 

dl 

b9'1l91\l 1:2 

dl 

b9'1l91\l 1:4 

dl 

b9'1l91\l 1:8 

, , , 
Q/~ IVa:! ..... ..::::1 

'J'W'Vl 1 'l'W'Vl 3 'l'W'Vl 7 

0.263 ± 0.013 0.389 ± 0.027 0.370 ± 0.041 

0.273 ± 0.064 0.480 ± 0.020 0.563 ± 0.031 

0.283 ± 0.023 0.511 ± 0.029 0.667 ± 0.036 

0.287 ± 0.043 0.511 ± 0.011 0.724 ± 0.020 

0.286 ± 0.026 0.531 ± 0.025 0.722 ± 0.042 

0.250 ± 0.019 0.367 ± 0.038 0.418±0.019 

0.300 ± 0.053 0.480 ± 0.041 0.511 ± 0.044 

0.293 ± 0.032 0.455 ± 0.052 0.489 ± 0.024 

0.318±0.010 0.442 ± 0.031 0.500 ± 0.026 

0.302 ± 0.003 0.434 ± 0.039 0.484 ± 0.022 

0.287 ± 0.057 0.578 ± 0.007 0.940 ± 0.009 



t)~Vl 
., 2..- 2..-

~:;Vl1J AfJ1~ b'll~"lJ'W , 
q ., ."j 

':J'W'Vl 1 

2..- 2..-

f1':J1~b'll~"lJ'W~'l~Vl 
'IJ q 

90.24 

"'l 

94.31 
n~1~1'fl l'fl l'Wb~'flf~b~'Wl9l~m~l'Wbbfl~ b~tJ~ 

b9'fl91'l 1:1 

"'l 

b9'fl91'l 1:2 98.37 
~~bnl?lt.J~~ 

"'l 

b9'fl9'N 1:4 100 

b9'fl91'l 1:8 99.59 

!V !V 

f1':J1~b'll~'lI'W'l\l'l'l\l1?1 84.96 
'IJ q 

"'l 

105.29 b9'fl91'l 1:1 

c;; ."j "'l 

b'fl~'Vlb'fl b9'fl91'l 1:2 102.44 

"'l 

b9'fl91'l 1:4 112.60 

"'l 

b9'fl91'l 1:8 106.10 

I 

100 n~~f1':Jufl~ 
q q 

, 2..- ."j."j"" .-
m~'fltJ~:;f1':J1~~"1l':JI?l'll'fl'lb"1l~~ 

, 
., ."j 

fJ'W'Vl 3 

141.13 

177.82 

190.23 

190.32 

198.39 

132.26 

177.82 
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162.5 

159.274 

100 

, 
., ."j 

':J'W'Vl 7 
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211.29 
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190.32 
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179.44 
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1.000 

0.900 

0.800 de 
E 0.700 fr~ c: 
a 
I' 

0.600 L.{) a b 
>- r ~ : 

d :' .... e 'in 0.500 ;1 c: 
OJ 1k f 

"U 
0.400 ';;; , . 

ro 

I 
u 

I 
+:; 

0.300 

ILl ~ 
!=, a. " 

0 

0.200 I ' 
I I , i f. 

0.100 U' r;; U' , 

'" l J ~~~ ~ .. ~ ~ ." 

Day 1 Day 3 Day7 

• GI-CS (nd) c GI-CS (dill:l) C GI-CS (dill:2) C GI-CS (dill:4) C GI-CS (dill:8) • MTA (nd) 

.. MTA (dill:l) [] MTA (dill:2) [J MTA (dill:4) 0 MTA (dill:8) c Control 

a WMI'Itl'l ~IL'U~tJn11(PJ(PJn~'WLL~'1'lJ'El'lL"1i~;~~3-Jer~H~11~n(PJ'lJ'El'l1'~(PJGI-CS LL~::: MTA ~1:::!Piu 
~ q 

A,)I3-JLiJ3-JiJ'WL9ml'11'W'fl1?111~,)'W 1:4 LiJ'WL,)~1 31''W~A,)I3-JLLl?1nl?il'1n'W'Eltil'1~umh'1q,j'V11'1~Ci~ (P<O.05) 

b LL~(PJ'Itl'l ~IL'U~tJn11~(PJn~'WLL~'1'lJ'El'lL"1i~;~~3-Jer~~11~n(PJ'lJ'El'l1'~"lGI-CS LL~::: MTA ~1:::!PiU 
ml3-JLiJ3-JiJ'WL9'El~1'11'W'fl1?111~,)'W 1:8 dJ'WL,)~1 31''W~A,)I3-JLLl?1nl?il'1n'W'Eltil'1~umh'1q,j'V11'1~Ci~ (P<O.05) 

C LL~(PJ'Itl'l ~IL'U~tJn11~(PJn~'WLL~'1'lJ'El'lL"1i~;~~3-Jer~~11~n(PJ'lJ'El'l1'~"lGI-CS LL~::: MTA ~1:::!PiU 
A,)I3-JLiJ3-JiJ'WL9'El~1'11'W'fl1?111~,)'W 1:2 LiJ'WL,)~1 7 1''W~ml3-JUl?1nl?il'1n'W'Eltil'1~UtJ~Ir1q,j'V11'1~Ci~ (P<O.05) 

d LL~(PJ'Itl'l ~IL'U~tJn11~(PJn~'WLL~'1'lJ'El'lL"1i~;~~3-Jer~~11~n(PJ'lJ'El'l1'~"lGI-CS LL~::: MTA ~1:::!PiU 
ml3-JLiJ3-JiJ'WL9'El~1'11'W'fl1?111~,)'W 1:4 dJ'WL,)~1 71''W~A,)I3-JLLl?1nl?il'1n'W'Eltil'1~UtJ~Ir1q,j'V11'1~Ci~ (P<O.05) 

e LL~(PJ'Itl'l ~IL'U~tJn11~(PJn~'WU~'1'lJ'El'lL"1i~;~~3-Jer~~11~n(PJ'lJ'El'l1'~"lGI-CS LL~::: MTA~1:::~U 
A,)I3-JLiJ3-JiJ'WL9'El~1'11'W'fl1?111~,)'W 1:8 LiJ'WL,)~1 71''W~A,)I3-JLLl?1nl?il'1n'W'Eltil'1~UtJ~Ir1q,j'V11'1~Ci~ (P<O.05) 

nl'i'LI'i~bij'Unl'i~~~3Jbb-ifillPl (Mineralization assay) 
q 

fll :i'tJJ'~~ih.Jfll J'~ ~~:w ~b~fil (WlI'fl-:J ~"ll~~~~1-:J m~1n fl ~ri'fl1~f'Ufll J'flJ'~~'W~'J LJ ~1 J'~ ri 1n"1l'fl-:Jrj ~ In 
q qJ q q 

~1~f'Uflln~'flfQn~1'Wrell?lJ'1~'J'W 1:8 dJ'WJ'~LJ~~'J~l 14 rj'W ~~~~l11fllJ'I?lJ''JtOj~'fl'UfllJ'~~~~.m~fill?l~'JLJ 
q 

fll J'tJ'fl:W ~ ~ 'fl ~~"ll1~''W bJ'1n ~'I tOj:; ~ ~'Wi fl'Ij"bW~fll J'~ In ~ ~~In-:J"1I 'fl-:J I?l tfl'fl 'Wbbrl ~ ~"l! LJ:W tOj 1 fl r:.I ~ fll J''Vl1n ~'fl-:J 
'Vl'U~ 1 fl ~:w~1~ fu f)1 J'fl J'~ ~'W~'JLJ ~1 J'~ ri 1n"1l'fl'lrj ~ In fl ~ 1 ~ 1'fl L'fl L 'Wb:W'flf"l! ~:W'W!?l~ :WL:W L 'W~~rl ~ b"l!LJ:w"i~ ~f) I?l 

q qq. 

r:.I~:W rj~rn ~~:wvh'fl ~~~:;fl~:Wrl'J'Url:W'U'Jfl'Vl'UfllJ'tJ'fl:W~In~'fl:;~"ll11'W ~J'1n1'W"1IbW:;~fl~:Wrl'J'Url:W~'U hJ q qq. q q 

'Vl'UfllJ'tJ'fl:W~ rn~ 'fl~~"ll11'W bJ'rn ~-:Jlll'Vllh:;fl'fl'U 16 
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bb'l.J'l.J~'fI-3n'i1r?l (Scanning electron microscope: SEM) 

~b~fll?l~'fl'Wbb'lJ'lJ~'fl'lfl~11?1~~~t1~b'.l~1 4, 8 bb~~ 24 .r'.lb~\I~\lbih..lfl1~~nM1n1~UI?1~I?1"l1'fl\lb"ll~~~~t1~ 

~~~'W (initial cellular attachment) "'Wfl~~fl'.l'lJfl~~~~t1~b'.l~1 4 .r'.lb~\I ~'lJ~'.l'W"lI'fl\lb"llbvl'V'oj~1~~~ • • 
'" 

b"ll ~ ~u 1?1 ~ 1?1" 'Wi n Mru~ bb'lJ 'W ~1 'lJbtl fl'lJ Yl'W~ '.l "lI'fl\l bbeJ 'Wbbn '.l bl?1t1 iJ ~ '.l 'W"lI 'fl\lb"llb 'VI ~ ~ 1 ~ ij fl btl ~ b"ll ~ 

(cytoplasmic process) "lI'W 11?1 b~ n tl'W'fl'fl n bl?1t1~'fl'lJ bb~ ~iJ'lJ1\1~ '.l'W"lI'fl\l b"ll~ ~b1J'Wi flMru~fl~lJ\:l'W 
'" '" , 

'W'fl n~ 1 flU~'lJ~1 b"ll ~ ~iJ fl1 ~U 1?1 ~ 1?1'lJ'WYl'W~'.l"ll'fl\l bbeJ'Wbbn'.l" 'Wi nMru~bb'lJ'Wn'lJ bb~ ~iJ fl1 ~U'Wtl1'.l"ll'fl\lb"ll 

b'Vl~~1~ijflbtln"ll~~~~t1~b'.l~1 8 bb~~ 24 .r'.lb~\I ~1V1f'lJr)~l?1fl~1~b'flb'flb'Wb~'flf~Jh~'W[;]~iJb~b'W • 
" '" bbflm6Jltl~~~hfll?l eJ ~~Vl~~t1~ b'.l~1 4 i'.l b~\I ~'lJ b"ll~~iJU 1?1 ~ 1?1'lJ'WYl'W~ '.l"ll'fl\lr)~ 1?1" 'Wi nMru~bb'lJ'W~1'lJ • 

"', , 
fl ~~\:l'W Yl'W~'.l"ll'fl\l fl~1~ b'fl b'fl b 'Wb~'flf6Jl b~'W[;]VliJb~b 'Wbbfl~ b6Jltl~~~ bn I?l eJ~~iJinMru~~t1'lJ "'W"lIru~Vl 
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,'" , 
~:;tJ:;b'd~1 8 bb~:; 24 oD'dhJ-:J 'rliJ~1 b"ll~~tlC;)~C;)iJ'WYI'WeJ'd"1l'fWr~en1'Win'M'ru:;bbiJ'W~1iJ bb~hj'rliJn1~U'W • 

'" "1I'el-:Jl"llb'Vl'rl~1~~n'hhb"ll~ i-:J.1l1'rllh:;n'eliJ 17 'W'elnronnill,nnln'rliJ crystal-like deposition n~:;"'l1tJ 
I !11 I I I I 

'Vi'd hJiJ'WYI 'WeJ 'dtj ~ en iii ~:;tJ :;b'd~1 24 oD'd hJ-:J i-:J.1l 1'rllh:;n'eliJVl 18 ~1'V1fiJtj ~ c;) b~ lJVl b'elVl ~:;tJ :;b'd~1 4 • • 
-F'd blJ-:J 'rliJiJ1-:J~'d'W"1I'el-:J b"ll~~il in~ru:;n~lJ~'W bc;)tJil~'d'Wl"llb 'Vl'rl ~1 ~lJ"1I'el-:J b "ll~~tl c;) ~ en 1 'Wi n'M'ru:;bbiJ'W 

'" ' ''' ~1iJhJ niJYI'WeJ'd"1l'fl.:)tj ~ en bb~:;ill"llb'Vl'rl ~1~~ rl hJn"ll~ "1I'W1 en b~ nu'W'fl'el n bentJ :i''fliJ"1I'fl-:J!?l'd b"ll~~ YI'WeJ'd • 
tj~enb~lJiiib'flilin~ru:;"1I~"]j~:; b~'flVi"'l1~ru1~~:;tJ:;b'd~1 8 bb~:; 24 -F'dblJ-:J 'rliJ~1 b"ll~~iln1~tlen~eniJ'W • • 

'" , 
YI 'WeJ 'd"1l 'el-:J tj ~ en 1 'Win 'M'ru:: bb iJ 'W n iJ bb~::il n 1 ~u 'WtJ 1 'd"1l 'fl-:J l"llb 'Vl 'rl ~ 1 ~ ~ n hJ n"ll ~ 'el 'fl n hJben tJ ~'fliJ • 

'" '" , 
i':).1l1'rllh:;n'fliJ 17 'W'fln"'l1nill-:Jbnln'rliJ crystal-like deposition iJ'WYI'WeJ'dtj~C;)Vl~:;tJ:;b'd~1 24 • 
-F'dblJ':) bb~::'rliJ filopodia "1I'fl-:Jb"ll~~ i-:J.1l1'rllh:;n'fliJ 19 

'" .1l1'rllh:;n'eliJ 17 in'M'ru:;n1~tl c;) ~ en"1l'fl-:J b"ll~~iJ'WYI'WeJ'd"1l'fl-:Jtj~ en.1l1tJ1~n~'el-:J"'l~'Vl~:i'~~b~n ln~'fl'W • • 

bbiJiJ~'fl-:Jn~1C;) (1000x) 



34 

" llT\t'n..h~n'fl1J 18 im~ru~nl:i'U ~ ~ ~"lJ'fl~ b6J!'tl~1J'WVl'W~'J"lJ'fl~rJ~~Jllttl~n~'fl~IOl'tl'Vl:i':i'~~ b~n (;]:i''fl'W • • 
" bb1J1J~'fl~n:i'l~ bb~~'V'l1J crystal-like deposition 1J'WVl'W~'JrJ~r?J (5000x) 

" 1l1'V'ltl:i'~n'fl1J 19 in~ru~nl:i'U~~~"lJ'fl~b6J!'tl~1J'WVl'W~'J"lJ'fl~rJ~~JlltJ1~n~'fl~IOl'tl'Vl:i':i'~~b~n(;]:i''fl'W • • 
bb1J1J~'fl~n:i'l~ 'V'l1J filopodia "lJ'fl~b6J!~~(~n~nb~~) bb~~'V'l1J crystal-like deposition 

" "'" "'" <V 1J'W'V'l'Wt:J'J'J~~ (5000x) • 



.d 
'U'Vl'Vl 5 

'(;q'aU bb~~'el.nU'a1 ~ e.J~nl'a1~~ 
q 

., '" , 
l' f?l~U~~~'l ~"ll'El'l Wl~~ n'jj'1 Af'lu v'h b~'El ~n'Etl Ab1.l~:Wu~ A'Jl:W b ~1 n'W1~'Vll'l~lhfllV'l"ll'El'l1'~ (?] 

q q q 

n~l~ 1'El b'El b'Wb:W'Elf~lh:W'W[~l~iJb:Wb 'WbbAm6JltJ:W6]~hn L9l eJ~~lf'EltJ ~~ 50 ~iJi (?]~'J'WeJ'l f?lmfl bVit nu 1.7 

f?l'El 1 ~'lbrJ'Wi(?]~'J'U~1~funl~ufuU1'l:Wl~lnnl~~n'Etl"ll'El'l Chaisinghanuae bb~~Aru~ b'WU 

2014 (22) ~'Vl (?]~'ElU A'Jl:W b ~ 1 n'W1~'Vll'l6Jl'JJllV'l"ll'El'l1'~ (?] n~1 ~ 1'El b'El b 'Wb:W'Elf6Jl b:W'W!?l~iJb:W b 'WbbA~ b6JltJ:W6]~ 
q 

'" '" , 
bfl L9leJ~:Wb 'Wi (?]~'J'WeJ'l f?l'El'l11 bvitnu 2.73 f?l'El 1 nu~ b~:W b6Jl~~"ll'El'l btl'El btl'Elb'W b(?]tJ Burapan bb~~Aru~(25) 

V'lU~1 nl~ufuUNi (?]~'J'WeJ'l f?l'Elti'1 b vh nu 1.7 f?l'El 1 ~~"1l'JtJufuu~'l A ru~:wu~"ll1l'l1'~ (?] b ~iJ WJ1:W~'W 
q q q q 

Vltl(?]~ bVl:Wl~~:W bbf?ltJ'l A'l A'Jl:W~1:W1J'~ b 'Wnl~i.I (?] ~.wn bb~~bb'WU~tl'Vl1~~ n!~~ n'Etldv'ilfll~'Vl (?]~'ElUb 'W 

b6Jl~~U \li:WJl~b(?]tJv'i1 fll n'V'll~bi'tJ'l b6Jl ~ ~~~I'l n~~(?] n~1~~1 n n~~l?ln blhVf'W:w'W'EttJ ~..:J brJ'Wb6Jl~ ~~'El~ 
d.9 qJ qJ qJ q ClJ 

bn~ b~tJ'l nuu1b'J ru~v'il nl~~~tJ fl n:WU~1tJ n n bb~ ~bU'Wb6Jl~~~iJ ~'J'Wb~ tJ'J~'El'l nu n1~Vl1tJ"ll'El'l bbeJ ~ 

U1b'J ru~'ElU~1 flVf'W b 'W.ff'Wf?l'El'W"ll'El'l n1~~n'Et1 wn:w b~1 n'W1~'Vl1'l6Jl'JJllV'l"ll'El'l b6Jl~~ f?l'El1'~ (?] ~~~~1~rul 
q 

'" , 
~Ubbuufl1~b.1jj~1~~n(?]~lfl1'~1?l bl?ltJv'i1fl1nb"1l1'~(?]b'W'El1V11n~tJ'lb6Jl~~ serum free DMEM b~'ElVl1''l 
'" q q 

9.-t I I I 

eJ ~ b ~ bn (?] fl1~U~ I?lU ~'EltJ'El'l ~U ~~n'Elu"ll'El'l1' ~ (?]~'El1'V11 n~tJ'l b6Jl~ ~:Wl nV!~ (?] ~'l'El'l ~U ~~fl'ElUV! 
q qJ q • • I 

U~ (?]U~'EltJ'El'El fl:Wl~ 1 fl1'~ ~ All?l~1~~iJ eJ~ m~'VlU f?l'ElA'n:wiJ6Jl':j L9l"ll'El'l b6Jl~~6'(50) n!~'Vl (?]~'ElU ~'dtJ~1~~n (?] 

~1 fl1'~ (?]tJ'l brJ'Wnl ~~1 ~'El'l~'l bb'J (?]~'El:WU1b'J ru~'Elun nVf'WJl1tJ'VIi'l nl ~v'il ~~tJ nn:WU~1tJ~1 nVf'W ~'l 
q 

, '" , 
'El'El fl iJ fl1 ~U ~ I?lU ~ 'El tJ 'El'l ~ U ~~fl 'El U"ll 'El'l l' ~ (?]'El (?] U 'el'W U ~ 1 tJ ~1 nVf 'W'El 'El fl:W IV! b tl'El btl 'El J''ElU ~1 n Vf 'W (51) 

q q 

'" " , 
'W'Eln~1 flu1~v'il n1 ~~ n'Etl ti'l A'dl:W~ 1:Wl~~ b 'Wn! J'~~1'l b tl'El btl'El bb ~'l"ll'El'l b6Jl~ ~~~1'l n~~(?] n~1 n n1~1' (?] 

'" 

'" , , 
n~~(?]nu'W~'We:J'J"ll'El'l1'~ (?] b~'El brJ'Wnl~~'I!u~'W'WeJ~ A'Jl:W b~1n'W1~'Vll'l6Jl'JJllV'l"ll'El'l1'~ (?] ~1 n~'El:w~V!1~ 

qJ q q q qJ 

2.1 2.1 iJ I I 

n1~~n'Et1 Af'lt1't.ll~~bU'W']'El:W~~'W \lil'WV! bU'WU~~btJ"]jl1bntJ'dnUnl~f?l'ElU~'W'El'l"ll'El'l b6Jl~~~~1'l m~(?] n f?l'El 
'" ~ '" 

1'~ (?] n ~ 1 ~ 1'fl b'El b 'Wb:W'Elf6Jl b:W'W!?l~iJb:W b 'WbbA~ b6JltJ :W6]~ bn L9l eJ~:W bb~ ~~ 1:W1 ~~ bU'Wbb'W'd'Vl1'lb 'Wn1~~ W-J'W1 q . 

btl'El bm'Elu1b'Jru~'ElU~1 nVf'W 

nl ~'Vl (?] ~'ElU A'Jl:W b~ 1 n'W1~'Vl1'l6Jl'dJl1V'l"ll'El..:J b6Jl ~~ ~~1'l n ~~ (?] n f?l'El1' ~ (?] n ~1 ~ 1'El b'El b'Wb:W'El f 
'" q 

6Jl b:W'W!?l~iJb:W b 'WbbA~ b6JltJ:W6]~ bn L9l ~ ~:w~~v'h n1~~n'Etlb 'W 2 U~~b~'W ~'El A'd1:W b~1 n'W1~'Vl1..:J~lhJl1V'l"ll'El'l 

b6Jl~~ f?l'El1'~ (?]~iJJ'~tJ ~ri'El L9l'J~:W ~'WbmtJu bV!tJunUrJ~ (?]~iJ~~tJ~ri'El L9l'J~:Wu~ru bb~ ~A'd1:W b~1 n'W1~'Vll'l 
q q '" 
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., , 

b"1! ~ ~1, 'W n 1 J' ~ m~ni11 ojj~jj b~ ~ Vi Vi ~ 'I b1J'W n1 J'~ mj-1 ~jj~ 1 (?l J':<J1 'W 1 'Wn 1 n.h~ bn'W,"Vn ~ b tJ'W~'jj'"lJ'fN i ~ (?) 
~ . 

b(?)tltlJ'~bn'Wn"'lnJ'J'~b~(?l1U'fl~~~"lI'fl'lb"1!~~ (cell metabolic activity) m-h'dA'fl b"1!~~~~~~(?l"'l~~n1J' 

Vl1'l1'W"lI'fl'l b'fl'W1"1!~ mitochondrial dehydrogenase Vl11ihn (?)n1ntl~tI'Wbbtl~'l tetrazolium dye 

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) ~'l~~ bVl~'fl'l 1ihtJ'W(;J~n~'flf~1 
" ., 

"1!1'W (Formazan crystal) ~'lbtJ'W~~'d'lbiJ'fl~~~1t11'W!?l'dVl1~~~1t1 DMSO ~'fl~"lJ'fl'l~jjnA'fl Vl1~1t1 

1 ~ (;J~J''d (?) b~'d bb~~~ ~'d 1~ bb~'Wih(52) 1 'Wn1J'~mj-1 ~'d1~ b~1 n'WUi'Vl1'l~'dJl1'V'l"lJ'fl'l b"1!~~ !?i'fli~ (?)~~J'~tI~ 
• 

"11 b~'WIYl~~b~b 'Wbb~~ b"11t1~sn~ bn (?l (;J~~~~ J'~tI~ri'fl!?l'd ~~ ~'Wbb~~J'~tI~ri'fl !?l'd~~\lnll~ ~'d1~ b~~~'W!?i1'l1 
1~'V'lU~'d1~bb(?ln!?i1'l'flt.h'l~'I!m~1(p]q.j'Vl1'l~~~ (P> 0.05) ~'l~'fl(?)~~'fl'lnUn1J'~n'jj'1"lJ'fl'l Torabinejad 

et al.(53) bb~~ Kaiser et al.(51) ~Vl1n1J''Vl(?)~'flU~'d1~btJ'W~'jj'"lI'fl'li~(?)b~~Vib'fl!?i'flb''1!~~1~buJ'u~1~ 
• 

1'fl b'fl b 'Wb~'flf"11 b~'WIYl"]jU(?)Vltl'l 'V'lU~1 ~'d1~ btJ'W~'E/''fl1'''l~~1n 1 'W"J!'d'l bbmJl1t1V1~'ln1J'(;J~~~1J' ~'l'V'lU~1~ 

~1 ~'d1~ btJ'WnJ'(?)~ b~~:f'W'flth'lJ''d m b~'dJl1t1V1i'l~1J'~~ri'fl!?l'd Jl1t1V1i'li~ mil n1J'ri'fl !?l'd~~unll'V'lu~1 
• 'lJ ., 

~'d1~ btJ'W~'jj''''l ~~'fltl1~ m~'l 'W'fln"'l1 nn~'d1~ btJ'W~'jj'"lI'fl'li ~ ~ n ~ 1 ~ 1'fl b'fl b 'Wb~'flf"11 b~'W1Yl'fl1"'l bn m"'l1n 

tl~ mtl~'fltl'fl'l ~tlJ'~n'flU~ btJ'Wb~VI~"'l1 ni~ m b"ll'W ~~'fl'fl hcPl~'fl'fl'W 'fl~~i1bi1t1~~'fl'fl'W ~ (?lJ''fl'WbVitl~~ 
• 'lJ 'lJ 

'fl'fl'W bb~~sn'l ~~'fl'fl'W ~'l'fl1"'l~'l (;J~nJ'~'VlU !?im"1!~~1~(54) 'flt.i1'lhfi (?l1~n1J'':bi~ mn~1~ 1'fl b'fl b'Wb~'flf • , ., 
"11 b~'W1Yl~1 (;J~~ nu b~ b 'Wbb~~ b"11t1~sn~ bn (?l 'fl1"'l"J!'dtl1 ~~'d1~ nJ'mVi bn m~'W"'l1 n n1J'(;J ~~"lJ'fl'l~'d'WbVl~'d"ll'fl'l 

Ketac Molar 1~fun1J'tlfu~Jl1'V'l1 ~ btJ'Wn~1'l (Neutralized) ~'dtl ~'d1~ btJ'Wr?i1'l"lJ'fl'lb~b'Wbb~~ b"11t1~sn 

~ bn (?l(22) ~'l'fl1"'l~'I!U~'W'W~'d1~ b~1 n'W1~'Vl1'l~'dJl1'V'l 1?1'fl b"1!~~ • 

1:4 bb~~ 1:8 'flt.i1'l~'I!tI~1(P]q.j'Vl1'l~~~ (P < 0.05) 1'Wi'W~ 3 bb~~ 7 bmtl(;J~"lJ'fl'li~~b~~Vib'flbtJ'W1tl1'W 

imj-ru~b~tI'd n'Wnun~1~ 1'fl b'fl b'Wb~'flf"11 b~'WIYl~~b~b'Wbb~~ b"11t1~sn~ bn (?l (;J~~ bd'fl~"'l1J'ru11 'WU"'lr.ftl 

~1'Wb'd~1~ b"1!~~~~ rr~nU~1J'~n m"lJ'fl'li~ m 'V'lU~1 b"1!~~~'f1'lnJ'~mn bd'fli~ rr~~1J'~n mi~ mn~1~1'fl b'fl 
• 'lJ • 

, ,., 
b'Wb~'flf"11b~'WIYlVi~b~b'Wbb~~b"11m.Jsn~bn(?l(;J~~~I~IJ'b1b~~~1'W'd'W1~~1n~'W(?l1~"J!'d'lb'd~1 1, 3 bb~~ 7 

"I I iI 

i'W'flt.i1'l~'I!tI~1 (P] q.j'Vl1'l~~ ~ (P < 0.05) 1 'W"lIru~Vin~~i~ ~ b~~Vi b'fl b"1!~~~ f)ln~n~1'W'd'W1~~1n~'W 
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" , , 
0.05) 'W'fln'"l1 ntJd~'floW'"l1J'ru11'wtr'"lrortJ l~h'W1'~ (?1 'V'lU~1 b"l!~~V1i~er~nU~1J'~n (?1"lJ'fl'l1'~ (?1mn~ 1'fl b'fl 

q q 

b 'Wb~'fl f61h~'W~~ ilb~ t 'Wbb~ m~ m-J~~hn 1?1l:·J ~~ 1 'W1''W~ 3 bb~~ 7 il n 1 n ~ ~~ 1'W';l'W b "l! ~ ~ ~ 1 n n ~ 1 b~ ~V1 b'fl 
, " 

~'l '"l1 n e,J ~ n 1 J' ~ n'l~1'1 tJ~ 'fl (?1 ~ ~ 'fl 'l nu n 1 J' ~ n '111 "lJ'fl'l Chaisinghanuae bb~ ~ ~ ru~(22) bb~ ~ 

Sangsawatpong bb~~~ru~ (23) ~~tTu~'4'W~11'~ ~n~1~1'fl b'fl b'Wb~'flf~b~'W~~ilbb(Pl~ b~m.J~~hn I?l e,J~~ 

tr'Whl bn (?1 ~';l1~ dJ'W~'I1I?l'fl b"l!~ ~btf'fl b~'flb 'WVf'W~'W'I1tJbb~~b"l!~~1 'VHUJ'U~1~ ~ il n1J'~n'l11~1 n~1 tJ 
q 

, , 
.::::::I IV' a:I...::::".c:::::".<::::t. ~ I ~ 0 tr 

'Vl~'Wu~'4'W U'Vl U1 'Vl"lJ 'fl'l bb~~ b6jjtJ~'fl'fl'fl'Wbb~~"l!~ (Pl'fl'W'fl'fl'fl'WI?l'fl n 1n'V'l ~'"l1'W';l'W"lJ'fl'l b"l! ~ ~ Valerio bb~ ~ 

(Plru~1 'Wi! 2004 (55) 'V'l1J~1 bb(Pl~ b~tJ~~'fl'fl'Wbb~~~~ (Pl'fl'W~'fl'fl'WilU'VlU1'Vl1 'Wn1mJ'~~'Wm~U';l'Wn1nbU'l rrl';l 
q 

b~~~1'W';l'W"lJ'fl'lb6jj~~~'f1'1nJ'~~n Ni bb~~ Chang(16) 1~~tTU~'4'W~1 b~b'Wbb~~b~tJ~~~bnl?l (CaSi0
3

) 

il ~';l1~ b~h n'W1~~n1J b6jj~~ ~~1tJ b6jj~~~'f1'1 n J'~(?1n bb~ ~'V'lu~11'fl'fl'fl'W~ 1:1 mJ~ (?1U~'fltJ'"l1n bb~~ b~tJ~~~ 
~ ~ 

b~~n1nbU'I rrl';l b~~~1'W';l'W"lJ'fl'l b6jj~~ bn'floW'"l1J'ru1 ~'1'fl'l f1uJ'~n'flU"lJ'fl'l1'~ (?1 1'~ (?1n~1~ 1'fl b'fl b'Wb~'flf 
q q 

, " 
.lh~'W~V1ilb~b'Wbb~~ b~tJ~~~ bn 1?le,J~~tT'WuJ'~n'flu~';ltJ~';l'We,J'l"lJ'fl'l Ketac Molar il bb~~ b~tJ~'V'l~'fl'fl bJ' 

~ 

'fl~~iJb 'W~~ bn I?l ~'1uJ'~n'fluhJ~';ltJ bb~~ b~tJ~~'fl'fl'Wbb~~~~ bn 1?l~'fl'fl'W bb~~~';l'We,J'l"lJ'fl'l b~b 'Wbb~~ b~tJ~~~ 

bnl?l ~'1b1J'W1'~(?1~il~ru~~u~~'hn~:W'W~bb~~~1~1J'1:1U~(?1U~'fltJbb~~b~tJ~~'fl'el'Wbb~~~~(Pl'fl'W~'fl'fl'W'fl'fln 
q q 

" , , 
'"l1 n~'W~';l"lJ'fl'l1 ~ (?1 biJ'fl bb".d1 'W~1J'~~~1tJ~1~'fl'l (Pl~1tJ"lJ'fl'l bVl~';lb 'Wh'l n 1d13

) ~'1 (Pl';l1~ ~1~1 J'1:1b 'Wn1J' 
q 

U~ (?1U~'fltJ bb~~ b~tJ~~'fl'fl'Wbb~~~~ bn 1?l~'fl'fl'W"lJ'fl'l1'~ (?1t.l1'"l~~tTU~'W'W~';l1~ b~1 n'W1~'Vl1'l~';lJ11'V'l nu 
q q 

" , 
b"l!~~ f?i'ltT'W1'~ (?1n~1~ 1'fl b'fl b 'Wb~'flf~ b~'W~V1ilb~b 'Wbb(Pl~ b~tJ~~~ bn I?l e,J~~~'1'fl1'"lil ~ru~~~~';l n~:w'W~ 

q q 

~1nnrJ1 b~~V1 b'fl 'fl1'"l bti'fl'l~1'"l1n~';l'WUJ'~n'flU"lJ'fl'l White ProRoot® MTA il'fl'l f1uJ'~n'flU~ bU'Wb~VI~ 

b".d'W 'fl~~iJ'W1 bb~~b VI~n 1 'Wm~1 ru~~1 nn~1~'V'lu1 'W Ketac Molar ~'l'fl1'"lil e,J~ I?l'fln'"l nJ'J'~ b~ 1?l1U'fl~ n 
~ 

bb~~n J'~U';l'Wn 1 J'bbU'I rrl';l b~ ~~1'W';l'W"lJ'fl'l b "l! ~ ~1~(57) 

n1 J'~ n'l11 ~';l tJ n ~ 'fl'l'"l ~'Vl J'J'flj'l1~ b~ n 1?lJ''fl'WbbUU~'fl'l nJ'1 (?1 bu'W~1iV1ti'l~1 ~UJ'~biJ'W~ ru \il1'W"lJ'fl'l 
q d.9 

b ~1 n'W1~'Vl1'l~';lJ1i'V'l"lJ'fl'l1 ~ (?1 ~';l tJ~fi b~~V1V1~'lb ~~'fl~~ bU'Wb~'lm~1 ru n 1 nn 1~~ (?1 bb~ ~W)nbeJ"lJ'fl'l 
q ~ • 

"" , 
b6jj~~U'W~'W~';l1'~ ~ bu'Wi'WbbJ'n"lJ'fl'lUDmtJ1 J'~VI~1'l b6jj~~ nu1'~ ~ 6]'1 'fl 1 '"lb ~ bU'Wbnru6fl1 'Wn1J'UJ'~ biJ'W 

~ru~~u~ ~';l1~ b~1 n'W1~'Vl1'l~';lJ11'V'l"lJ'fl'l1'~ (?1'fl (?18'fl'WU~1tJJ'1nVf'W bn'fl'V'lUb6jj~~~n'l1ru~n~~ bb~~il 
q q q 
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" " fll~bb~"lItl~ b6Jj~;b ~tI-:J b~ fltJtltlVl1tl hi'V'l'lJfll nb~"lItl~ b6Jj~; ~1~I~tli'WUM~I'Wt~~I.yhJe1'd"lltl~rJ ~ C?lU'W 
d.9 q 

Ci~ Wi I I Ci 2.1 .t::S. ~ .::::l I tJ 

"'l ~'Vl ~~~'Wtl b~ fl (?] ~il'Wbb 'lJ'lJ ~ tl~ fl ~1 C?l 'V'l'lJ'd 1 b 6jj ~ ~ ~ ~1~ fl ~:;C?l fl ~ 1 ~1 ~tl tI C?l (?l C?l bb~:;~ n 1 ~bbe.J "lItl~ b 6jj ~ ~ 'lJ'W 
q ~ 

.yf'We1'd1'~ C?ln~1~ ttl b'fl b'Wb~tlf~ b~'W~~m~ hlbb~~ bijjtl~6]~ bn (?l e.J~~ bb~:;rJ ~ C?l b~~Vl btl tltil~hn (?l1~n1~ 
q q 

PH "lItl~rJ~C?l bb~:;tl~~i.J~:;ntl'lJ'Vll~b~n"lltl~rJ~C?l(27, 58,59) b6jj~;~~I~n~:;C?ln b1J'W anchorage 
q q ~ 

, " , 
dependent cells ~-:J"'l:;~tl~~ fll~~ C?l bfl1:;"lItl~ b6Jj~;n'lJvhJe1'd b~tl1ihn C?ln"'l m~~"lItl~ b6jj~; ~tlti.J fl1~~ C?l 

bnl:;"lItl~ b6jj~;'lJ'Wvr'We:hrJ ~ C?l btJ'Wn~:;'lJ'd'Wnl~~..n'lJJEtl'Wbb~:; btJ'W'V'l~rJ (?l bC?ltl"'l:;~~ ~'W"'l1 n b6Jj~;~ C?l bfl1:; 
q 

, " " 
b6Jj~; ~tlti.J ~~ fl ~:;U'd'Wfll ~1:l"'l :;n'lJ'Vl'lJl'Vl~1 ~ b1Jb 'Wn~:;'lJ'd'Wnl~Vllt1"l1tl~ bbe.J ~ (60) ~ flMru:;"lItl~~'We1'd 

" 1'~C?l i'Wt~bbfi ~1t1~:;b~tlC?lb'U'V'l1:;~h'W"lItl~~'We1'd (surface topography) tl'l~i.J~:;ntl'lJ'Vll~b~n rh pH 
q 

" " , 
bb~:;'V'l~~~I'W~'We1'd (su rface energy) ~ n~ru:; b VI~h1:l"'l:; btJ'Wl9l'd nlV1'WC?l~lh b~ b~ fl ~ Vl"'l:;tl n C?l C?l..n'lJ'lJ'W 

q ~ ~ 

" , 
~'We1'd ~~~I~I~tl~~e.J~~tlnl~~C?lbnl:;"lItl~b6jj~~1~ (59) Deligianni bb~:;~ru:;(61) ~1t1~1'W~1 ~'dl~ 

" " "lI~"lI~:;"lItl~~'We1'drJ ~ C?ln e.J~ nUfl1~~ C?l ~ C?l"lltl~ b6Jj~ ~'1C?ltl ~1'Wnln~~nl~~~I~ focal contact ~~ b1J'W 
q q 

" ~1 bbVltl~"lItl~ nl ~~ C?l bnl :;~:;VI~I~ b6Jj~;bb~:;~'We1'd"lltl~rJ ~ C?l bb~:;n e.J~ ~1'W'Vll~ n1n~tl n C?l C?l..n'lJbi.J~~'Wb 'W 
q ~ 

b~~Vlbtl~b'd~1 24 -i'db~~ 'V'l'lJin~ru:; crystal-like deposition tl~'lJ'W.yf'WEJ'd"lltl~rJ~~ bb~:;'V'l'lJ~n~ru:; 
nl~~'W filopodia "lItl~ b6Jj~~1i.J bnl:;n'lJb~N~~1~ ~~It1 e.J~mf'W ~~ bb~ C?l~~~nl~n~'dl~ b~ln'Wt~n'lJ 
b6Jj ~; tl til ~ t~n (?l1 ~ b ~ tlb ~ 'Vl n 'lJ ~~ tl~ r-l U ~:;fl tl'lJ "lItl~ e.J ~ n bb~ :;~:;'lJt~ ~ 1 b tJ 'We.J ~ fl6JlU C?lbC?l ~'d ~ 

q 

analysis) ~(eJti.J 

nl~~ nMI ~'dl~~ 1~1 ~tlb 'Wn1~~:;~~ bbffl1 (?]"lItl~ b6jj~ ;~~1~ n ~:;C?l n ~'dtl~fin1~~tl~~tl:;~6jjl 
q ~ 

1'W b~C?l b~tlU~:;bn'Wnl~~~1~ e.J~ n bb~~ bijjtl~ b~tl b6Jj~~1~~'lJn~:;~'W~'dtl~I~~ n C?l~ ~tl~ nl~'Vl C?l~tl'lJ'i"l'lJ~1 
rJ~ C?ln~1 ~ ttl btl b'Wb~tlf~ b~'W~~nb~b'Wbb~~ b~tI~6]~ bn (?l e.J~~ bb~:;rJ~ C?l b~~Vl btl n ~'d1~~1~I~tl~"'l:; 

q q 
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b~'fn;h n'"lJ'bb"1ltJ~ (?In ~ 1~ 1'fl b'fl b'Wb~'flf; b~'W!?l~nb~b 'Wbb~~ b; m-J~~ bn [?l ~~~b 'W~1 J'~~'tl1~~1'tl'fl'l ~~ 1 ~ 
q ., , 

"lJ'fl'l b VI~'d b 'Wi1'l n 1 ~ ~ 1 ~1 J'tl'V'lUn1 J'~~1'1 ~ ~ n'fl ~'V'l11 'Vl !?lU'W~'W~ 'd"lJ 'fl'ltJ ~ (?l1~ ~'I bb~ (?l'l ~'I n1 J'n 
q 

bb~'tl b;~:l-J:a'fl'fl'WnU'VlU1'Vl b(?l~ [?lJ''I ~'fln1J'~~1'lU~ b:l-J'Vl1n.n~nn1J'~~~~ bbifl1 [?l (Mineralized matrix 
q q ., 

nodule formation) 'W'fln"'l1nU Maeno bb~~~ru~(64) 1~~'t!u~'W'W~1m:l-J1ru"lJ'fl'lbb~'tlb;~~:a'fl'fl'Wn~'d'W 
q 

nJ'~~'Wb ~ bn (?In 1 J'bbU'I fYl'd b ~ ~~ 1'W'd'Wbb'tl ~n1 J'btJ~~'WbbtJ'tl'l"lJ'fl'l bsn'tl~ ~~1'1 n J'~(?l n [?l 'tl'fl (?l"'l'WnJ'~~'Wb ~ 
q '!J q 

., ., , 
b(?lWl1'V'lJ''d~"lJ'fl'ln1J'~n1j'1 ~~'lU'V'lU~1tJ~ (?l n'tl1~1'fl b'fl b'Wb~'flf; b~'Wl9lVlnb~b 'Wbb~'tl b;~~~~ 

q 

, ., 
~~1'1 nJ'~(?ln ~'fl 1~ ri'flb ~ bn (?l n1J'~1~"lJ'fl'l bsn'tl~ bb~~bsn~~~1:l-J1J'mbU'I fYl'd b~~~1'W'd'Wl~~1 n~'W J''d~~'1 

'" " ., 
.:::=I 6) I Q/ i,I,::::j 9 ~I..:::S: Qj .:::::t. ~.::::I":::s: ..:::S: Q 

~J'~~~b'd'tl1 b'Wn 1J'n'fl [?l'd 'W'fl~ :l-J ~'d1~~1~1J'tl b 'Wn1J'u (?l~'Wmb'tl~:l-J ~'d1~ bb 'WU~'W'Vl'Vl (?l sn'l ntJ'f"l n1j'1'W 

bb~ (?l'lb ~ b~'W~1tJ~(?l fYl'l n~1'dn ~'d1:l-J bVl:l-J1~~:l-J~"'l~'\~11~1H'I1'Wb 'WU1b'd rutJ'tl1~n n~'Wl~ ~'Itf'WtJ~ (?l 
q q 

ri'flfYl'd~~\lJ'blJ~ ~'d1~ b.]~.]'Wf?i1'11n ~'d1~ b']1n'Wl~'Vl1'l;h1l1'V'l nu bsn'tl~~~1'lnJ'~~n l~bb[?ln ~1'1 n'W"'l1 n 

tJ~ (?l b~~Vl b'fl bb~ ~b~'fl~"'l1 J'bU 1 ~'d1~~1~1J'tlb 'Wn1J'bbU'I fYl'd b~~~1'W'd'W 'V'lU~1tJ~ (?l n'tl1~ 1'fl b'fl b 'Wb~'flf 
q q 

; b:l-J'W!?l~nb~b 'Wbb~~ b;~~~~ bn [?l~~:l-J~1~1J'tlnJ'~~'Wn1J'bbU'I I?l'd b~~~1'W'd'Wbsn'tl~~1 n n~11~b~~Vl b'flb 'W 
q 

, ., , 
tJ'WVl 3 bb~~ 7 'W'fln"'l1nUtJ~ (?In'tl1~1'fl b'fl b'Wb~'flf; b:l-J'Wl9lVlnb~b'Wbb~~ b;~~~~ bn[?l~~~tJ'In~ru~~u'11b'W 

q q 

~ bi'flb ~ bn (?ln1J'~ (?l bn1~"lJ'fl'l bsn'tl~U'W~"'W~'dtJ~ (?l bb'tl~~1~1J'tl nJ'~~'Wb ~ bn (?ln1J'~~~~ bbijj1[?l1~ J''d:l-J~'In 
q q q 

J'~~ ~b'd~1b 'Wn 1 J'ri'fl fYl'diJ'fl~ bb'tl ~n ~'d 1~~ 1~1 J'tlb 'Wn1J'U [9J B.J-Wn bb'tl ~n ~'d 1~ bb 'WU~U'Vl~ ~ ~'Itf'WtJ ~ ~ 
n'tl1~1'fl b'fl b 'Wb~'flf6Jl b~'W!?l~nb~b 'Wbb~'tl b;~:l-J~~ bn ~~~:l-J9'1'fl1"'l dJ'W~n'Vl1'1 b~'flnVl~'I~~1:l-J1J'tl~"'l1J'ru1 

H bU'WtJ~ (?l'fl (?l~'fl'WiJ~1~J'1 n~'Wl~ 
q q 
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Descriptive Statistics 

Dependent Variable: Optical density 

Materials setting concentration Mean Std. Deviation N 

GIC-CS initial setting non-dilution .34733 .009018 3 

dil 1:1 .37500 .025534 3 

dil1 :2 .35000 .035341 3 

dil 1:4 .34900 .004583 3 

dil1 :8 .34800 .007937 3 

control .33667 .010214 3 

complete setting non-dilution .36633 .007371 3 

dil 1:1 .37367 .008622 3 

dil1 :2 .36067 .010693 3 

dil1 :4 .35300 .002000 3 

di11:8 .34333 .011719 3 

control .35200 .010440 3 

Total non-dilution .35683 .012750 6 

dil 1:1 .37433 .017061 6 

dil1 :2 .35533 .024072 6 

dil1 :4 .35100 .003847 6 

dil1 :8 .34567 .009309 6 

control .34433 .012485 6 

Total .35458 .016912 36 
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Materials setting concentration Mean Std. Deviation N 

MTA initial setting non-dilution .32933 .010693 3 

dil 1:1 .33733 .003786 3 

dil1 :2 .34300 .002000 3 

dil1 :4 .37133 .018148 3 

dil1 :8 .38700 .008185 3 

control .31667 .025716 3 

complete setting non-dilution .33900 .017776 3 

dil 1:1 .33833 .020551 3 

dil1 :2 .35567 .007095 3 

dil1 :4 .36067 .014468 3 

dil1 :8 .40500 .021932 3 

control .31933 .027683 3 

Total non-dilution .33417 .014148 6 

dil 1:1 .33783 .013227 6 

di11:2 .34933 .008359 6 

dil1 :4 .36600 .015799 6 

dil1 :8 .39600 .017788 6 

Control .31800 .023942 6 

Total .35022 .029612 36 



00 Equal 

variances 

assumed 

Equal 

variances not 

assumed 

Levene's Test 

for Equality of 

Variances 

F 

.043 

Sig. 

.84 

7 
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Independent Samples Test 

t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error 
~---------------

of the Difference 

df (2-tailed) Difference Difference Lower Upper 

-2.825 4 .448 -.019000 .006725 -.037671 .000329 

-2.825 3.848 .450 -.019000 .006725 -.037966 .000034 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

OD Equal 

variances 3.191 .149 .086 4 .936 .001333 .015560 -.041868 .044535 

assumed 

Equal 

variances not .086 2.450 .938 .001333 .015560 -.055106 .057772 

assumed 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

00 Equal 

variances 5.198 .085 -.500 4 .643 -.010667 .021318 -.069854 .048521 

assumed 

Equal 

variances not -.500 2.363 .660 -.010667 .021318 -.090123 .068790 

assumed 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

OD Equal 

variances 2.118 .219 -1.386 4 .238 -.004000 .002887 -.012015 .004015 

assumed 

Equal 

variances not -1.386 2.735 .268 -.004000 .002887 -.013711 .005711 

assumed 



55 

Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

00 Equal 

variances .900 .396 .571 4 .599 .004667 .008172 -.018022 .027355 

assumed 

Equal 

variances not .571 3.516 .602 .004667 .008172 -.019308 .028642 

assumed 



56 

.... tf ........ .."...... tZ$..". !V !V 

1n1'i1.:1n1'i'J bfl'i1~'VI~" In 'VI (PI~'el'UW'lI'el.:l'J~ (PI b'el3-J'VI b'el f1'J13-J b"ll3-J"lI'U~.:I~ (PI 
q qJ q 

v13l'i~tJ~ri'el ~'J b~3-J CPl'U b mtJ'U b VltJ'Un'U'i~tJ~n'el ~'J~ 3-J'U'iW 
qJ 

Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval of 

Sig. Mean Std. Error the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

00 Equal 

variances 1.259 .325 -.807 4 .465 -.009667 .011977 -.042920 .023586 

assumed 

Equal 

variances not -.807 3.280 .474 -.009667 .011977 -.046008 .026674 

assumed 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval of 

Sig. Mean Std. Error the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

OD Equal 

variances 9.822 .035 -.083 4 .938 -.001000 .012065 -.034497 .032497 

assumed 

Equal 

variances not -.083 2.136 .941 -.001000 .012065 -.049876 .047876 

assumed 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

OD Equal 

variances 3.430 .138 -2.976 4 .441 -.012667 .004256 -.024482 .000851 

assumed 

Equal 

variances not -2.976 2.316 .481 -.012667 .004256 -.028781 .003447 

assumed 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F Sig. df (2-tailed) Difference Difference Lower Upper 

00 Equal 

variances .091 .778 .796 4 .471 .010667 .013400 -.026537 .047871 

assumed 

Equal 

variances not .796 3.811 .473 .010667 .013400 -.027277 .048610 

assumed 
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Independent Samples Test 

Levene's Test 

for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval 

Sig. Mean Std. Error of the Difference 

F . Sig. df (2-tailed) Difference Difference Lower Upper 

OD Equal 

variances 4.414 .104 -1.332 4 .254 -.018000 .013515 -.055525 .019525 

assumed 

Equal 

variances not -1.332 2.547 .290 -.018000 .013515 -.065687 .029687 

assumed 
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Descriptive Statistics 

Dependent Variable: Optical density 

materials concentration time Mean Std. Deviation N 

GIC-CS non-dilution day1 .26267 .013204 3 

day3 .38933 .027006 3 

day7 .37033 .040550 3 

Total .34078 .064317 9 

dil 1:1 day1 .27300 .063977 3 

day3 .48033 .020526 3 

day7 .56300 .030610 3 

Total .43878 .134547 9 

dil 1:2 day1 .28333 .022898 3 

day3 .51100 .028827 3 

day7 .66733 .036116 3 

Total .48722 .169207 9 

dil 1:4 day1 .28733 .042829 3, 

day3 .51133 .010693 3 

day7 .72433 .020232 3 

Total .50767 .190798 9 

dil 1:8 day1 .28567 .026274 3 

day3 .53100 .024880 3 

day7 .72167 .041681 3 

Total .51278 .191289 9 

control day1 .28733 .056898 3 

day3 .57800 .007211 3 

day7 .94033 .008505 3 

Total .60189 .284804 9 
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Descriptive Statistics 

Dependent Variable: Optical density 

materials concentration time Mean Std. Deviation N 

MTA non-dilution day1 .24967 .018502 3 

day3 .36733 .038109 3 

day7 .41767 .018824 3 

Total .34489 .078183 9 

dil 1: 1 day1 .29967 .053407 3 

day3 .48000 .041761 3 

day7 .51067 .043844 3 

Total .43011 .106665 9 

dil 1:2 day1 .29333 .031943 3 

day3 .45500 .052115 3 

day7 .48867 .023502 3 

Total .41233 .096178 9 

dil 1:4 day1 .31833 .010263 3 

day3 .44200 .031796 3 

day7 .50000 .026230 3 

Total .42011 .083118 9 

dil1 :8 day1 .30233 .003215 3 

day3 .43433 .039526 3 

day7 .48433 .022008 3 

Total .40700 .084530 9 

control day1 .33033 .007638 3 

day3 .62033 .038553 3 

day7 .97400 .031048 3 

Total .64156 .280291 9 
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Descriptive Statistics 

Dependent Variable: Optical density 

materials concentration time Mean Std. Deviation N 

Total non-dilution day1 .25617 .016043 6 

day3 .37833 .031904 6 

day7 .39400 .038361 6 

Total .34283 .069481 18 

dil 1:1 day1 .28633 .054694 6 

day3 .48017 .029431 6 

day7 .53683 .044332 6 

Total .43444 .117868 18 

dil 1:2 day1 .28833 .025453 6 

day3 .48300 .048576 6 

day7 .57800 .101583 6 

Total .44978 .138964 18 

dil 1:4 day1 .30283 .032622 6 

day3 .47667 .043500 6 

day7 .61217 .124646 6 

Total .46389 .149705 18 

dil 1:8 day1 .29400 .019068 6 

day3 .48267 .060629 6 

day7 .60300 .133367 6 

Total .45989 .153440 18 

control day1 .30883 .043278 6 

day3 .59917 .033955 6 

day7 .95717 .027469 6 

Total .62172 .274879 18 



Levene's Test of Equality of Error Variancesa 

Dependent Variable: OD 

F df1 df2 Sig. 

1.726 35 72 .026 

Tests the null hypothesis that the error variance of the dependent variable is equal across 

groups. 

a. Design: Intercept + materials + concentration + time + materials * concentration + 

materials * time + concentration * time + materials * concentration * time 

65 
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Tests of Between-Subjects Effects 

Dependent Variable: 00 

Type III Sum Partial Eta 

Source of Squares df Mean Square F Sig. Squared 

Corrected Model 3.366
a 

35 .096 89.345 .000 .977 

Intercept 23.061 1 23.061 21423.671 .000 .997 

materials .041 1 .041 37.862 .000 .345 

concentration .731 5 .146 135.877 .000 .904 

time 1.915 2 .958 889.616 .000 .961 

materials * 
.069 10 .007 6.378 .000 .470 

concentration * time 

Error .078 72 .001 

Total 26.505 108 

Corrected Total 3.444 107 

a. R Squared = .977 (Adjusted R Squared = .967) 
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1Pl1'i1.:Jnl'abm~'UbcVi~'U~'VI~tu Post Hoc Tests (bonferrini) : 
Q<U 

concentration*time*materials 

Pairwise Comparisons 

Dependent Variable: Optical density 

95% Confidence Interval for 

Mean Difference 
b 

(I) Difference (1- Std. Lower 

concentration time materials (J) materials J) Error Sig. 
b 

Bound Upper Bound 

non-dilution day1 GIC-CS MTA .013 .027 .629 -.040 .066 

MTA GIC-CS -.013 .027 .629 -.066 .040 

day3 GIC-CS MTA .022 .027 .414 . -.031 .075 

MTA GIC-CS -.022 .027 .414 -.075 .031 

day7 GIC-CS MTA -.047 .027 .081 -.101 .006 

MTA GIC-CS .047 .027 .081 -.006 .101 

dil 1:1 day1 GIC-CS MTA -.027 .027 .323 -.080 .027 

MTA GIC-CS .027 .027 .323 -.027 .080 

day3 GIC-CS MTA .000 .027 .990 -.053 .054 

MTA GIC-CS .000 .027 .990 -.054 .053 

day7 GIC-CS MTA .052 .027 .055 -.001 .106 

MTA GIC-CS -.052 .027 .055 -.106 .001 

dil 1:2 day1 GIC-CS MTA -.010 .027 .710 -.063 .043 

MTA GIC-CS .010 .027 .710 -.043 .063 
. 

day3 GIC-CS MTA .056 .027 .040 .003 .109 
. 

MTA GIC-CS -.056 .027 .040 -.109 -.003 

day7 GIC-CS MTA .179 .027 .000 .125 .232 

* MTA GIC-CS -.179 .027 .000 -.232 -.125 
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Pairwise Comparisons 

Dependent Variable: Optical density 

95% Confidence InteNal for 

Mean Difference 
b 

(I) Difference (1- Std. Lower 

concentration time materials (J) materials J) Error Sig. 
b 

Bound Upper Bound 

dil 1:4 day1 GIC-CS MTA -.031 .027 .251 -.084 .022 

MTA GIC-CS .031 .027 .251 -.022 .084 

· day3 GIC-CS MTA .069 .027 .012 .016 .123 

· MTA GIC-CS -.069 .027 .012 -.123 -.016 

· day7 GIC-CS MTA .224 .027 .000 .171 .278 

· MTA GIC-CS -.224 .027 .000 -.278 -.171 

dil 1:8 day1 GIC-CS MTA -.017 .027 .536 - .. 070 .037 

MTA GIC-CS .017 .027 .536 -.037 .070 

· day3 GIC-CS MTA .097 .027 .001 .043 .150 

· MTA GIC-CS -.097 .027 .001 -.150 -.043 

· day7 GIC-CS MTA .237 .027 .000 .184 .291 

· MTA GIC-CS -.237 .027 .000 -.291 -.184 

control day1 GIC-CS MTA -.043 .027 .113 -.096 .010 

MTA GIC-CS .043 .027 .1,13 -.010 .096 

day3 GIC-CS MTA -.042 .027 .118 -.096 .011 

MTA GIC-CS .042 .027 .118 -.011 .096 

day7 GIC-CS MTA -.034 .027 .213 -.087 .020 

MTA GIC-CS .034 .027 .213 -.020 .087 
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n'l'ibm~'UbVi~'UVI'VIflru Post Hoc Tests (bonferroni) : material*concentration*time 
qCU 

Pairwise Comparisons 

Dependent Variable: Optical density 

95% Confidence 

Mean InteNal for Differenceb 

(I) (J) Difference Std. Lower Upper 

materials time concentration concentration (I-J) Error S. t) Ig. Bound Bound 

GIC-CS day1 non-dilution dil 1: 1 -.010 .027 1.000 -.092 .071 

dil 1:2 -.021 .027 1.000 -.102 .061 

dil1:4 -.025 .027 1.000 -.106 .057 

dil 1:8 -.023 .027 1.000 -.104 .058 

control -.025 .027 1.000 -.106 .057 

dil 1: 1 non-dilution .010 .027 1.000 -.071 .092 

dil 1:2 -.010 .027 1.000 -.092 .071 

dil1:4 -.014 .027 1.000 -.096 .067 

di11:8 -.013 .027 1.000 -.094 .069 

control -.014 .027 1.000 -.096 .067 

dil1 :2 non-dilution .021 .027 1.000 -.061 .102 

dil 1:1 .010 .027 1.000 -.071 .092 

dil 1:4 -.004 .027 1.000 -.085 .077 

dil1 :8 -.002 .027 1.000 -.084 .079 , 

control -.004 .027 1.000 -.085 .077 

dil 1:4 non-dilution .025 .027 1.000 -.057 .106 

dil 1: 1 .014 .027 1.000 -.067 .096 

di11:2 .004 .027 1.000 -.077 .085 

dil1 :8 .002 .027 1.000 -.080 .083 

control -6.661 E-16 .027 1.000 -.081 .081 

dil1 :8 non-dilution .023 .027 1.000 -.058 .104 

dil 1: 1 .013 .027 1.000 -.069 .094 

dil 1:2 .002 .027 1.000 -.079 .084 

dil 1:4 -.002 .027 1.000 -.083 .080 

control -.002 .027 1.000 -.083 .080 
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control non-dilution .025 .027 1.000 -.057 .106 

dil 1:1 .014 .027 1.000 -.067 .096 

dil 1:2 .004 .027 1.000 -.077 .085 

dil 1:4 6.661E-16 .027 1.000 -.081 .081 

dil 1:8 .002 .027 1.000 -.080 .083 

day3 non-dilution dil1 :1 -.091 .027 .017 -.172 -.010 

· dil 1:2 -.122 .027 .000 -.203 -.040 

· dil 1:4 -.122 .027 .000 -.203 -.041 

dil 1:8 -.142 .027 .000 -.223 -.060 

control -.189 .027 .000 -.270 -.107 

dil 1:1 non-dilution .091 .027 .017 .010 .172 

dil 1:2 -.031 .027 1.000 -.112 .051 

di11:4 -.031 .027 1.000 -.112 .050 

dil1 :8 -.051 .027 .939 -.132 .031 

· control -.098 .027 .008 -.179 -.016 

dil1 :2 non-dilution .122 .027 .000 .040 .203 

dil 1: 1 .031 .027 1.000 -.051 .112 

dil1 :4 .000 .027 1.000 -.082 .081 

dil 1:8 -.020 .027 1.000 -.101 .061 

control -.067 .027 .220 -.148 .014 

· dil1 :4 non-dilution .122 .027 .000 .041 .203 

dil 1: 1 .031 .027 1.000 -.050 .112 

dil1 :2 .000 .027 1.000 -.081 .082 

di11:8 -.020 .027 1.000 -.101 .062 

control -.067 .027 .227 -.148 .015 

dil1 :8 non-dilution .142 .027 .000 .060 .223 

dil 1:1 .051 .027 .939 -.031 .132 

dil 1:2 .020 .027 1.000 -.061 .101 

dil1 :4 .020 .027 1.000 -.062 .101 

control -.047 .027 1.000 -.128 .034 

· control non-dilution .189 .027 .000 .107 .270 

dil 1:1 .098 .027 .008 .016 .179 

di11:2 .067 .027 .220 -.014 .148 

dil1 :4 .067 .027 .227 -.015 .148 
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di11:8 .047 .027 1.000 -.034 .128 

· day7 non-dilution dil 1: 1 -.193 .027 .000 -.274 -.111 

· dil1 :2 -.297 .027 .000 -.378 -.216 

· dil 1:4 -.354 .027 .000 -.435 -.273 

di11:8 -.351 .027 .000 -.433 -.270 

control -.570 .027 .000 -.651 -.489 

dil 1: 1 non-dilution .193 .027 .000 .111 .274 

dil 1:2 -.104 .027 .003 -.186 -.023 

dil1 :4 -.161 .027 .000 -.243 -.080 

di11:8 -.159 .027 .000 -.240 -.077 

· control -.377 .027 .000 -.459 -.296 

· di11:2 non-dilution .297 .027 .000 .216 .378 

· dil 1: 1 .104 .027 .003 .023 .186 

di11:4 -.057 .027 .552 -.138 .024 

di11:8 -.054 .027 .694 -.136 .027 

· control -.273 .027 .000 -.354 -.192 

· dil 1:4 non-dilution .354 .027 .000 .273 .435 

dil 1:1 .161 .027 .000 .080 .243 

dil1 :2 .057 .027 .552 -.024 .138 

di11:8 .003 .027 1.000 -.079 .084 

· control -.216 .027 .000 -.297 -.135 

dil1 :8 non-dilution .351 .027 .000 .270 .433 

· dil 1:1 .159 .027 .000 .077 .240 

dil1 :2 .054 .027 .694 -.027 .136 

dil 1:4 -.003 .027 1.000 -.084 .079 

· control -.219 .027 .000 -.300 -.137 

· control non-dilution .570 .027 .000 .489 .651 

· dil 1: 1 .377 .027 .000 .296 .459 

dil1 :2 .273 .027 .000 .192 .354 

· dil 1:4 .216 .027 .000 .135 .297 

· di11:8 .219 .027 .000 .137 .300 

MTA day1 non-dilution dil 1: 1 -.050 .027 .991 -.131 .031 

dil 1:2 -.044 .027 1.000 -.125 .038 

dil 1:4 -.069 .027 .187 -.150 .013 
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dil 1:8 -.053 .027 .797 -.134 .029 

control -.081 .027 .054 -.162 .001 

dil 1:1 non-dilution .050 .027 .991 -.031 .131 

dil1 :2 .006 .027 1.000 -.075 .088 

dil 1:4 -.019 .027 1.000 -.100 .063 

dil1:8 -.003 .027 1.000 -.084 .079 

control -.031 .027 1.000 -.112 .051 

dil1:2 non-dilution .044 .027 1.000 -.038 .125 

dil 1: 1 -.006 .027 1.000 -.088 .075 

dil 1:4 -.025 .027 1.000 -.106 .056 

dil1 :8 -.009 .027 1.000 -.090 .072 

control -.037 .027 1.000 -.118 .044 

dil 1:4 non-dilution .069 .027 .187 -.013 .150 

dil 1: 1 .019 .027 1.000 -.063 .100 

dil1:2 .025 .027 1.000 -.056 .106 

dil 1:8 .016 .027 1.000 -.065 .097 

control -.012 .027 1.000 -.093 .069 

dil1:8 non-dilution .053 .027 .797 -.029 .134 

dil 1: 1 .003 .027 1.000 -.079 .084 

dil1 :2 .009 .027 1.000 -.072 .090 

dil 1:4 -.016 .027 1.000 -.097 .065 

control -.028 .027 1.000 -.109 .053 

control non-dilution .081 .027 .054 -.001 .162 

dil 1: 1 .031 .027 1.000 -.051 .112 

dil1 :2 .037 .027 1.000 -.044 .118 

dil 1:4 .012 .027 1.000 -.069 .093 

dil1 :8 .028 .027 1.000 -.053 .109 
. 

day3 non-dilution dil1 :1 -.113 .027 .001 -.194 -.031 

dil1 :2 -.088 .027 .025 -.169 -.006 

dil1 :4 -.075 .027 .102 -.156 .007 

dil1 :8 -.067 .027 .220 -.148 .014 

control -.253 .027 .000 -.334 -.172 

dil 1: 1 non-dilution .113 .027 .001 .031 .194 

dil1 :2 .025 .027 1.000 -.056 .106 
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dil 1:4 .038 .027 1.000 -.043 .119 

di11:8 .046 .027 1.000 -.036 .127 

· control -.140 .027 .000 -.222 -.059 

· dil 1:2 non-dilution .088 .027 .025 .006 .169 

dil 1:1 -.025 .027 1.000 -.106 .056 

dil 1:4 .013 .027 1.000 -.068 .094 

dil 1:8 .021 .027 1.000 -.061 .102 

control -.165 .027 .000 -.247 -.084 

dil 1:4 non-dilution .075 .027 .102 -.007 .156 

dil 1:1 -.038 .027 1.000 -.119 .043 

dil 1:2 -.013 .027 1.000 -.094 .068 

dil 1:8 .008 .027 1.000 -.074 .089 

control -.178 .027 .000 -.260 -.097 

di11:8 non-dilution .067 .027 .220 -.014 .148 

dil 1:1 -.046 .027 1.000 -.127 .036 

dil 1:2 . -.021 .027 1.000 -.102 .061 

dil1:4 -.008 .027 1.000 -.089 .074 

control -.186 .027 .000 -.267 -.105 

control non-dilution .253 .027 .000 .172 .334 

· dil 1:1 .140 .027 .000 .059 .222 

di11:2 .165 .027 .000 .084 .247 

di11:4 .178 .027 .000 .097 .260 

· di11:8 .186 .027 .000 .105 .267 

· day7 non-dilution dil 1:1 -.093 .027 .013 -.174 -.012 

dil 1:2 -.071 .027 .148 -.152 .010 

· di11:4 -.082 .027 .045 -.164 -.001 

di11:8 -.067 .027 .227 -.148 .015 

· control -.556 .027 .000 -.638 -.475 

· dil 1:1 non-dilution .093 .027 .013 .012 .174 

di11:2 .022 .027 1.000 -.059 .103 

dil 1:4 .011 .027 1.000 -.071 .092 

di11:8 .026 .027 1.000 -.055 .108 

· control -.463 .027 .000 -.545 -.382 

dil 1:2 non-dilution .071 .027 .148 -.010 .152 
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dil 1: 1 -.022 .027 1.000 -.103 .059 

dil 1:4 -.011 .027 1.000 -.093 .070 

dil 1:8 .004 .027 1.000 -.077 .086 

· control -.485 .027 .000 -.567 -.404 

dil 1:4 non-dilution .082 .027 .045 .001 .164 

dil 1:1 -.011 .027 1.000 -.092 .071 

dil 1:2 .011 .027 1.000 -.070 .093 

dil 1:8 .016 .027 1.000 -.066 .097 

control -.474 .027 .000 -.555 -.393 

dil1:8 non-dilution .067 .027 .227 -.015 .148 

dil 1: 1 -.026 .027 1.000 -.108 .055 

dil 1:2 -.004 .027 1.000 -.086 .077 

dil 1:4 -.016 .027 1.000 -.097 .066 

control -.490 .027 .000 -.571 -.408 

control non-dilution .556 .027 .000 .475 .638 

· dil 1: 1 .463 .027 .000 .382 .545 

dil1:2 .485 .027 .000 .404 .567 

· dil 1:4 .474 .027 .000 .393 .555 

dil1:8 .490 .027 .000 .408 .571 
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1n1'a1.:Jn"1'abmtl'IJbVitl'IJ'r-I'VI~H1.! Post Hoc Tests (bonferroni) : materials * concentration * time . .., 

Pairwise Comparisons 

Dependent Variable: OD 

95% Confidence Interval 

Mean for Differenceb 

( I) (J) Difference Std. Lower Upper 

materials concentration time time (I-J) Error Sig. b Bound Bound 

· GIC-CS non-dilution day1 day3 -.127 .027 .000 -.192 -.061 

day7 -.108 .027 .000 -.173 -.042 

day3 day1 .127 .027 .000 .061 .192 

day7 .019 .027 1.000 -.047 .085 

day7 day1 .108 .027 .000 .042 .173 

day3 -.019 .027 1.000 -.085 .047 

dil 1:1 day1 day3 -.207 .027 .000 -.273 -.142 

day7 -.290 .027 .000 -.356 -.224 

· day3 day1 .207 .027 .000 .142 .273 

· day7 -.083 .027 .009 -.148 -.017 

day7 day1 .290 .027 .000 .224 .356 

day3 .083 .027 .009 .017 .148 

dil 1:2 day1 day3 -.228 .027 .000 -.293 -.162 

day7 -.384 .027 .000 -.450 -.318 

day3 day1 .228 .027 .000 .162 .293 

· day7 -.156 .027 .000 -.222 -.091 

day7 day1 .384 .027 .000 .318 .450 

day3 .156 .027 .000 .091 .222 

dil 1:4 day1 day3 -.224 .027 .000 -.290 -.158 

day7 -.437 .027 .000 -.503 -.371 

day3 day1 .224 .027 .000 .158 .290 

day7 -.213 .027 .000 -.279 -.147 

day7 day1 .437 .027 .000 .371 .503 

day3 .213 .027 .000 .147 .279 
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dil 1:8 day1 day3 -.245 .027 .000 -.311 -.180 

· day7 -.436 .027 .000 -.502 -.370 

day3 day1 .245 .027 .000 .180 .311 

day7 -.191 .027 .000 -.256 -.125 

day7 day1 .436 .027 .000 .370 .502 

day3 .191 .027 .000 .125 .256 

control day1 day3 -.291 .027 .000 -.356 -.225 

day7 -.653 .027 .000 -.719 -.587 

day3 day1 .291 .027 .000 .225 .356 

day7 -.362 .027 .000 -.428 -.297 

day7 day1 .653 .027 .000 .587 .719 

day3 .362 .027 .000 .297 .428 

MTA non-dilution day1 day3 -.118 .027 .000 -.183 -.052 

· day7 -.168 .027 .000 -.234 -.102 

day3 day1 .118 .027 .000 .052 .183 

day7 -.050 .027 .193 -.116 .015 

day7 day1 .168 .027 .000 .102 .234 

day3 .050 .027 .193 -.015 .116 

dil 1: 1 day1 day3 -.180 .027 .000 -.246 -.115 

day7 -.211 .027 .000 -.277 -.145 

· day3 day1 .180 .027 .000 .115 .246 

day7 -.031 .027 .768 -.096 .035 

day7 day1 .211 .027 .000 .145 .277 

day3 .031 .027 .768 -.035 .096 

di11:2 day1 day3 -.162 .027 .000 -.227 -.096 

· day7 -.195 .027 .000 -.261 -.130 

day3 day1 .162 .027 .000 .096 .227 

day7 -.034 .027 .639 -.099 .032 

day7 day1 .195 .027 .000 .130 .261 

day3 .034 .027 .639 -.032 .099 

dil 1:4 day1 day3 -.124 .027 .000 -.189 -.058 

day7 -.182 .027 .000 -.247 -.116 

day3 day1 .124 .027 .000 .058 .189 

day7 -.058 .027 .101 -.124 .008 
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day7 day1 .182 .027 .000 .116 .247 

day3 .058 .027 .101 -,008 .124 

· dil 1:8 day1 day3 -.132 .027 .000 -.198 -.066 

· day7 -.182 .027 .000 -.248 -.116 

· day3 day1 .132 .027 .000 .066 .198 

day7 -.050 .027 .198 -.116 .016 

· day7 day1 .182 .027 .000 .116 .248 

day3 .050 .027 .198 -.016 .116 

control day1 day3 -.290 .027 .000 -.356 -.224 

day7 -.644 .027 .000 -.709 -.578 

· day3 day1 .290 .027 .000 .224 .356 

day7 -.354 .027 .000 -.419 -.288 

· day7 day1 .644 .027 .000 .578 .709 

day3 .354 .027 .000 .288 .419 
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