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Background and Aim: Osteoblasts and periodontal ligament cells play a major role in wound healing after
root end resection. The interaction of osteoblasts with filling materiasis critical in healing of surgical lesions.
The aim of this study was to evaluate the morphology and adhesion of human osteoblasts (MG-63 cell line) in
contact with IRM, gray MTA, white MTA and Portland cement (PC) as root end filling materials.

Materials and Methods: In this in vitro study, human osteoblasts of osteosarcoma were provided from the
cell bank of Iran Pasteur Institute, and cultured in RPMI 1640 medium. Test materials were mixed according
to the manufacturer's instructions and placed in contact with osteoblast cells. After the first, third and seventh
days discs of materials with grown cells were fixed and examined by scanning electron microscopy.

Results: Results showed that after 7 days most of the osteoblasts were attached to the surface of both gray and
white MTA and PC and appeared flat or round, however cells adjacent to IRM were round without any
adhesion and spread.

Conclusion: Based on the results of this study, human osteoblasts have a favorabl e response to gray and white
MTA and Portland cement compared to IRM.

Key Words: Osteoblast; Gray MTA (Minera Trioxide Aggregate); White MTA; Portland cement (PC);
Scanning electron microscopy

dAS>

ot (ool Mt iy (Ll @b |y slie S oy (sl ol (sla sk J3g 5 S (sla Jobs 5 Mgl : B0 g dime )
Jobo a6 (gl ol B lge g o laJsho (23S g (Stisz ) (> laed ) meeyi ) Sl G (5355 dlge b candligiinl sl Jsho
9 Mo MTA 0,5 MTA dRM &)9lme )3 (MG-63 (Jsho 03)) oyl casdligiiial sla Jsho (Stivmr 9 559098590 (b)) adlllae ol jl S
sl SEM Lausgs Lo ygausl )98 3 08 (oo 5 9 ) (Slacl 048 Blge (lgie a ailipy loes

RPMI-1640 p5;10 )3 5 st o) ystalgistuns] Jolo S3b 5l sl 58 logtinl Casdlogizal (sl Jsbo alSitlejl adllae ) )3 3 2l 551 (W9
9 P9 el sLojg) 5l ey 48,515 Candligial (gl Jsho ©jglne )3 9 08 bgloo aaijlu w5 j5usd (el ool 3)90 dlga b 03l cuis
5 518 sl 90 (95 g Se Sl Lansgi g Wi S8 il s 2 03,8 05 (sl Jshos olpem 4 dlge (g5l (SlaSiy o2

e IS5 4 5 St 2y oo g S 5 0,65 MTA 3l s o s 2 g, V51 g Cesdlositol (sl Jshos 51 gl o8 3l o5 gl WdeiBly
A odmliie i yinS g (Sdawe 4550w oy D)5 Mals Oygo 4 b Jols IRM & jglno 53 .50 yalls (round) a)fLM.J L (flat)

03 Sy Slgo i s by o 9 e g 0, MTA &yglone 13 sl CawsMgiianl sl Jobes 48 3,05 oyl Vs pils anlllas ol 3§ S A

AIVYD 1S — Sl sy (Kbl 0aKily o Syl ol bl LSy gy — e 2 L5 2 Jgpmme 50 T
bidarm@mUumS.aC.ir : s sl Slis +AVYDY-OVFY : olpor 5als OVY — AAYAD- ) =10 : il


https://jdm.tums.ac.ir/article-1-203-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-09-25 ]

OhiSed g )l e

e 035 MTA &gl )3 sl cawdgiin] sla Jobw 059098590 Clpuis 9 (Shiws (o)

i3 oo Ui (agllas Feoly ady) (slosl

048 Sl g Sl Sy S iliyy o Ssis MTA 10,5 MTA tasdgiinl 120 5lg SlS

0lss oy S 5 19AM Lags 48 (glaalllas (1)
olic 45 Pl MTA L awglie ) il flogw (oleesd 5 (S5
stebdios sl (038 Pl )l (Silows )3 o 93 () 450D
4y Cowl MTA 5168 jlas sy loww (domlgodly (Jg o)yl
Al oo ) i oy YA MTA (5)Lid plSoxiwl ogMe
S slon MTA florw Lol lyime a5 Lol 5 aib 0
2 by Glopw Gnly aiajp a a2 g b ppdime ol ol Al
lo=e by Glor ol ol e olss 2ty s MTA | auylic
(F) 15355 golae Soguil slagleyy » MTA (sl Gl

OhLSen g De-DeUS Lawgs Yo o8 JLuw 0 45 glalas jo
L5598 24U (ymlygdn mee i S MTA 5 ailiyy (o 45 plol
welas ool g sl adlles ol s 3ol .0 duwlio wa
Ogy9d 4l 0aiS ey o3lo plgis & |y (apldie (SIS Jow
() Lol oyl

Bl 1 bl ) Sen g SaldON buwgs &S (6,55 adllas
Sl b el plgie 41y MTA 5 uibyy Gloge (e
Gy b ole 93 ol o @l o o8 0l )13 )l 050
ol adlhe Ban (F) 1559 (p9dlae (s )5l 5 cuslie
» Sl cowdginl sla Jobw (Sxis 9 59890 (b))
=95 Sl plgis a4 wiliyy lags 5 0y 9 b MTA ©)le
1 0025 5l S oSy S b

i O¥9)
ln ol sl Jolw 03y oalSuislofl ddllae oyl 5o
S 51 Ui sl 215391 sl oS slsgtinl 5l MG-63 g
et 85 448 s o516 S350 43 Sl sl ] b
/ k—&.&j?&) u_aj 9 X\’ 6915 £y DI)@@ LY RPM|-164O P}JM ).)
S yrS S S £3/ o s n /4D

U 5 edld Cud

e

MYV ol al AP YINY 2 les oMol AD/ Y/ Y 2 g0

oo

olSisd Jool8” (g3lunil ) slanloys (olog Slaal I (S
oobed > SB35 dlge (g2 9 Sl o> dedo Jlidg: y Citeosl
9 35,5 e )8 pleiul g atian cBl o 005 sl i
Lo owMginl moeo 3, Slos 5,5 ) il cpl (A sjlojl
9 PDL gl e )5 g Lncadligitions 9 Lol yud
a5 51 S 3g oolisl (o3l ) sl p5Y ol sl pations
oo Se5 U 5 323l JT o) Johoo s 9 (8l (515
(V) sl awsly |y dalaie o) jo

2 A pgliew & 3 ol p SV Sojlgis bbbl
ol slg o ol g5 o LSt (Sl dlge 5 Sl slaws LS
MTA 151.(1) 28bie Catll uS sk 5 Cojogals )y MTA
o3la sl 3)5-0 (glod yuu S jobo &y iy (slol 0uiiS y odlo lgie &
g 03be cnl ol slial 5l yaud 5 pealS Glagim (92 205 (o0 )13
S o3le gl 45 sy oo 5 dy Wik sl 5 5 s iy
b g Lo Lo (wles o (Lo ()55l J—le
(¥) 2l e

8o LS g b maan S lis I PH g2 ()b
2 ey iy oo lsis 4 oS 5 ) & Cund gl {PH=YY)
MTA 5l siis g Tyl (F) wib il €8 15 o cél sk
s 45 |y ard B MTA Sitie 5 sl 0 4])) s 5, L
a8 Gliwe shl> 9 ) ) w35 oo p 3 g St 8L Ky
S5 5 3 il oole ol 45l b e A8l ge 355 S 5 3 (0]
sl 003 pll o 5550 53 (glod 28 Slllas 98T g o

2 Ol 0 52 MTA alie Slaslw aS 5,55 00ls
Olosw ol bl o dilipy loww 305 41,8 edlatwl 350 (WS90l
1555 Slge il o Cagby 3l g eadS Slilgus (gl (gl
oo g Lagll ¢ 3] onuST ¢ s S8l K Jols osimd LS

MTA alie cuS 5 (olss s jl 5 wilioe mjte SlaS 5 5l S3>


https://jdm.tums.ac.ir/article-1-203-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-09-25 ]

(\‘NA; uL..a.A.v::) A D)Lo.«f: AR 0)5.))

Ot Sloyd (ublagy loss 5 (Kb pole oluisly (S 55100 dlore

3850 4> &, 415 4y dlge Olasuivno — Y Joan

2 a0 03 oU 00 jlw &8 g Batch number
Pro root white MTA Dentsply, USA 02093081
Pro root gray MTA Dentsply, USA 02093081

IRM Dentsply, USA 01184608
Vg aby los Mo (loges 5 55 13495

S e dn VD A B8 L s it diands (8l lawsd
Al 1o Y L8155 porowsl 3 4B ¥o Sde 4 g 10 Col el
4 Jsblascending grade ) ladiges 55,8 (b 1y S 5l
¥ g dad V0 e 4 pluS ya /A0 7D LB+ /X0 JbT &g
Gdo dy w545 3Ty emd 483 Yo plaS o ZVe e b1 > a5 ye
I3 530 53 9 3385 5118 (i Mew (63 Jeiel i (19,3 4l ¥+

Fopls 10 Jlide a Ladsgel g Jole 035 (b 5l
PySuwgySee b g 2B)S )13 S LT g il 03 Mo by,
oanlice xVeve gxVer el SloiS ) cov oaiS Sl gyl
(Oxford, SEM-5360) 1545

3y90 03le yglxe 53 B ol 5145 39 5657 (ps (bl 0920
s o 3 (555) 1OUNG i b () Flat 90 &
s 5y Caols 3le 4 sl ol J) Sl Sigd oumlie
Sl o iSO glyls ool ol < yglme j3 Jokw 5 2l osllas
e g round MelsS™ &g a5 4las 3550 odle & jglxe 53 W Johuw
03lo 2w (6555w pie 5 Cunw yo b Bg b osalie pdaw
(VD) 15l o

EY V]

o b Jobo colos VY I g o J)S 095 )3 29l g, @l
2 (VJ5=8) avg osalice JoB a4 ot 9 Jloy ©)90
w2 3l s 53,5 S o LaJobas IRM 055 55 loj (ym
MTA iy lases ygloma 33 48 o 3 (Y JSi5) 505 otnlite
A odd (Jolw Jlo s (65598590 9 (S hdw g o)
(d-Y Js.sl)

Slagl 048 3y dlge Ad oG9 JLSe oy T UV po S pgrse
SM_.M} MTA m)_u MTA ‘-‘L‘L.M\J axllko u}‘ )2 ol J)y90 dw.u)
S s colo S g taw MTA 065 IRM g iy logu
Sy el g Vg 5l aibiy losw 9 139 (ugw DeNtPly
Y Jods 50 355 ) ool D90 dlgo lastie g Mo logwws
ool o lie Ll

sl 5 (o 58 058 olsie & IRM el ) 55
Olose do bl 1,8 ol oole dsSoun gl 534S Cuwdlgtivl
0 a8 5 JS o9,

Caans &S Doy oyl hie ]S 09)5 (laie 4 IRM Glsasl s
2 JLsgp LB 5 cusDigiinl sla Jolo & yglmo 43 03lo oy
a8,8 o die J4S 09,8 ol 4 g o ol alie Y e

89y y= 9 WD ]o9.1>u b..\i)'l_w 4_Jl>)l§ G U»L.wl)) 3‘94
Sodeo VXV o8 sl 5 e o V o )8 Cwolbus b glacSusd
Lacly 4 culS laste G g 48,5 )13 ails VY glaculy o950
.._\._u.ﬁ)f )l)_.g X\” L«-’ﬁb) 9\~V0 CU)I)) ).) L.md)w W) 4.9[,\0‘
Wb e g Aan 9d Sde & jgy yb (Ve -giweEll) cusS posie
Iy S gigiamw dlao i 3.8, g 0dlo (b Coww ojl] Jos (]
Olie 40 MG-63 cwdbgiin] (sl Jolw dian S 51 g 2 0
REPEIE NN SR

Y dbbyﬁ)lw@)deWb d9>9 439@5\‘05;)1&)"
0908 g La Jolw 0,5 a8Ls) 5l s coutily dges £+ 59,V o
d)'l_wo.\l_,oi 9 (P99 u&d J>|)n Cod b cdwlg?fd] QLo)‘
A 15 01 S Sl g S S San b oy

Ol L )l dw diged (g9l slacSund diges 3905 ol Cgs

Yoy


https://jdm.tums.ac.ir/article-1-203-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-09-25 ]

OhiSed g )l e e 035 MTA & jglxo )3 sl Cowdgiinl (sla Jobo < 59lgd )90 Ol i 9 (St (o)

ot ..*'- Ve (] o . ) Fﬂq,x ’u-.'td‘.
oSy b el YF 1o aubw MTA 89,5 SEM glos -0 S o, b Celn YF 1 am Cudo J 58 89,5 SEM glod - S
ol saalie BB adas 4 B Jghw JUailx) + o+ Dgwd oo 893 Jobw JUai! b Jolw (559098590 Jloys glos XYoo @
al > ~ & ¢ N~ T 4

YL N

Sy o Sl 13 W obe o) dw I g ipge o) gl
4 edalice dgo 4 sdume o flal &jgo 4 Mt g 005 MTA
(A5 S
g g Iz 99,5 ©yp0 4 IRM ©jglome 55 L Jols
odaliio LB paw &) odpuer g0 & Cute J S 09,5 sla ol

RRVATY)

S b el YF 51 an IRM 29,5 SEM glos - S0

i 50 0395 b 1 a9 (2,5) round @0 4 gl

XYoo

A - . - [y
e s A A%
S, 33 L pgm 39, Wy sl 09,5 SEM glos —F JSWs L el YF jlam il lowws 89,5 SEM (glod =Y JSu5
g g0 8335 Jolw JUailx) ¢ + o LT b Jobw (539198590 Jlo i SlaixV o0 v (o laiS )30

e Dgw 0 BMD

o

‘. y I‘_ ‘ ‘.::‘ R

T

a — L4
XYooe Lol 50 egw gy 0545 MTA 89,5 SEM (glod -V S5 28, b eelw Yl ax 0,5 MTA 29,5 SEM (glos —F S5
Lol alio BB Jekw JUasl g 50 034 Jobw JLail b ol pod (Joho Jloyi (glodxY e e v

Yoy


https://jdm.tums.ac.ir/article-1-203-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-09-25 ]

(\YA; u‘.u.woj ‘\c O)Lw:} sY’ 0)9))

s Sloys (idlige wlodd o (S psle oSl (S35l abe

XYoo u.:lo.s)}."vm.ib)g) b”; MTA bs;SEM dW—\\J&w
anol 238Lke BB oo JUci!

‘.' - s . i3 - d’
Ll sadlio BB Johw Jlas!

(S 5 A g Sy

4 Sl dlgo ok Copons oy i (il sl
Sgab g0 03lisl o ygmasl g8 o i g Sy cgmolSinnSy (sl
il 0ad (Bypne 55 (0 )18 paniidg y 0k s g 53 9
Sl slacalal g poseg Sl Gog) Lagts) ol e
2 Fobw pols cleod) (55glsdygegiam (o Cae (V) Ll oo
(SEM) 0aiS (Sl (59 i8Il 8cnsg ;S 1 55 Slge el gl
(V) 2950 odlazl

ol 45 39 oyl adlbas il 55 CosMlgiza Jsho bl o
5 Sl yud atox 5l JLtog yy GlalSd Lo sl 5 Jolow
kel @lad JLd 4 03] mre i Cae (ol slaJsho sundlgiion
Laggealigdn mre s 3 orizen 5 JLSal m 22 0 4
O ka3 3)90 dlge b cusdlgiiul Jobo mudine (olad (1) 1Bl e
2 Bdshs (508 5 (Sitn A8 po Wl 4nb ol oo 0 Sl

XYeoo dl‘o.s)}a p,m)‘g)WMTA bg;SEM dLoJ—AJiw
g o0 0320 (Jolu Sl ol o Johw Jloyi (559799 ,90

Jley 3558090 9 (Shsez i o) )3 ipidd o) s
999 odalie JEMTA 93 p0 5 uiliyy ol ©jgbxe 3 b Jobeo
Ao e jl s 50,5 Ll job 4 b Jolw IRM @ jglrs 4o
59 otnlia U ite J, S 09, 15 Ly Jglow S hisuns
(=2 J)

L3552 Wi g, (ke J5US) IRM 29,5 SEM gles -4 S0
ol badlio B8 b 51 1as 93,5 O yguo s gl xY o e v

B, § ! . = ,
oS )50 b o 59y 9Ly ylosws 2955 SEM (glod —Y + S
394500 0313 (Jobw JUaST b Joheo (55999990 Jlo 5 slas XY e

Yoy


https://jdm.tums.ac.ir/article-1-203-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-09-25 ]

OhiSed g )l e

e 035 MTA &gl )3 sl cawdgiin] sla Jobw 059098590 Clpuis 9 (Shiws (o)

(AN) 283 045 MTA 3)50 1> )6 g ZhU 4 ], 1Sen
ot sy Gt ohLSan 5 Abdullah 4 ladlbs
©)glome > SAOS2 oS lwgiinl Lo olw Fuly 59y 2 Joko
S598y90 9 Sty 2Lyl ol plogl MTA o ailiy o
som o ) SLs adllas o) lis 28,5 & ppo SEM Lawgs Jsbo
ey S 28 QUG g ol o o3l Sy Wil (o oS
Gsb adllas 2ol alie 35 ol adllae zols (VW) 5,5 1, lsscial

il e
g9 93 (s G jL g S §55 olSen 5 RibEITO
o=l 3 sy )8 oLyl 3y9-0 1) S g TEQUIEAN 3y los
sakaline single cell gel (comet) ¢l acan s jl i
5 Pl oS oy i guls b ealanwl trypan blue exclusion
9 49395 SIS §i93f MTA (yimon g by (o £55 95 0
G55 (=l 53 odlawl 3)90 slaJoluw s Joho S o
Lo allas alio aallas (l qlis (IY) 232 (3o cslogid (sloJsbo

g

S5 Oleds 0l pbol Yoo Jlo 0 &5 (6,50 dolllas 5o
MTA 5 25 glogs &g > lasl ages o] (slo Jskos
Copogiid glaJolo &gl &S A5 saalin 9 C8)S )15 () 350
ot 9> DNA Sloso aal58l caps MTA g 4l s loges by lace
{0F) 255505 ook

MG-63 ps5 szl (sla sl )San 5 Perez adlas ;>
S59199590 055 g dudw MTA 03l 95 Ly (oS 1 o) 4 51
2 5oy Wl e primary sla Sl Jg 05,8 Laas 1) 555 Jloys
gl (Vo) S odnliie 035 5 Jled O ygo 4y b MTA s
2 olds clde 4 calises dlgs 4y Candigitul o Joho (Sdus

(V+) 25l o Slge liosss clinl b oole o clasein
sl sLaos, L (primary) adsl (sl Joho LT St 3,90 5
Sg—e (s )3l oy 2 sl (Jhgeg sl Job) aneuploid
Loy 5l oolawl 0a8 (V) 3yl dgng Hlas M Wgus o3litu!
ol (e s blod 4 La Jolw &S cuwl opl aneuploid Jolw
o besdon (laow)p lp g Cosl b Jsho Conar g sitn

(V) Mwd S5 S8 o5l

Yo

Sgg il o Jolus pi SOl el Sz als po o3le Sy prlaus
G Lw ool 4 el ool alis  Saiae o 3,5 sl Jolu
(V) 28 e

5305103, b 1y 0,5 MTA s (6,5 il lulas
015 Cull 03 oo 5 Figiiaw 325 ) o3l () (WUl eiomen
MTA s 4y MTA 5l cosis g5 b daly )5 Jg (o—A) ol
Lol 0 plsil (glod yinS Cldllae join (White MTA) subw

5 25 (o )3 ool 5y90 (S 5>y oS Wiy los
(V) Gl 00 gpan (S35 b Lape lilllas iy o 18]
e L oL g Holland &+ Y JLw o Jle j5bo a4
s MTA Llads Sy e calid e iz sla 558
day K 6 LU 1Sy 350 53 1y (slaslllas (PC) ails oyl
adllas (ol @l B 50l bl pudits <8 Gl 5 (ol Sl
J) cow <8l jload JoSis Vg ol Jy S5 jg) 70 5l o
=l PC g0, 5 MTA 5 cuily 50 ladiges don o Ly,as (e
¥) ol las 1y eelie

$9) 3= OhlSen 5 SAAON bawgs (6,503 s VeV Jlo >
LaaoS @ (gt Sl o B )5 9o ain slaaaSss
b Slgzial Slyis g 200 jouuS] jabow 42l U Jutie (sl ]
il g LA dniS aan VW B'Y s bylen b 5 PC s MTA
ooy ) )8 (6)95 g S b Sjdgtunn (L) v
MTA slacilial &gl 5 cids jlw (8L Sledl g Sl
7) 392 Lo 09,5 93 2 )> Jsho (1Slg g Cutls 3929 PC

Podle sl as ses ol adlles o) )0 IRM Glsasl Jds
g ol aily 3955 03le plgis 4 Slghhd 5, 3l sla L
Ay g oad col odls Cpl (orud (65l pas Calise Cldlles jo
(A) 355000 435 55 5 e J5S 05,5 ol

IRM s 55 Cosdlgiial (sla Jsbo (5358 0 il adllias 55
2 ohlSen 9 Koh alis a5 gy o jl s 55,5 MolS 0 ygu0
Ol Caams paad L Ve Jlo o oy 5 Zhu VAAY Lo
Olowo 9 S 9 055 MTA & pgloro )3 o Jols (Ad)) L3 o 03l
oo (o3 53 9 1391 Jloyi (535198590 s> oy V 5l e 1
5 Koh ol aslics d e o) & s sdalie dlgo 4y ol o


https://jdm.tums.ac.ir/article-1-203-en.html

[ Downloaded from jdm.tums.ac.ir on 2024-09-25 ]

(\‘NA; uL..a.A.v::) A D)Lo.«f: AR 0)5.))

Ot Sloyd (ublagy loss 5 (Kb pole oluisly (S 55100 dlore

g

dyg0 Spuie (Sibi pole oKl idohy (slygd o Guiod oyl
olSiily (i3 pyone Cglae ) Alwgisdy Canl 43,5 )15 g

20,5 o 13,08 ilodges oy |y Baiod (pl (sladl ja oS

1- Zhu Q, Haglund R, Safavi KE, Spangberg LS.Adhesion of
human osteoblasts on root-end filling materials. J Endod. 2000
Jul;26(7):404-6.

2- Torabingad M, Hong CU, PFitt Ford TR, Kettering
JD .Cytotoxicity of four root end filling materials. J Endod.
1995 Oct;21(10):489-92.

3- Holland R,de Souza V, Murata SS, Nerj MJ, Bernab PF,
Otoboni Filho, De Zan Junior E. Healing process of dog dental
pulp after pulpotomy and pulp cover with minera trioxide
aggregate or Portland cement. Braz Dent. 2001; 12(2): 109-13.

4- 1dam [, Chng HK, Yap AU. Comparison of the physical and
mechanical properties of MTA and Portland cement. J Endod.
2006 Mar;32(3):193-7.

5- De-Deus G, Petruccelli V, Gurgel-Filho E, Coutinho-Filho
T. MTA versus Portland cement as repair material for furcal
perforations: a laboratory study using a polymicrobial leakage
model. Int Endod J. 2006 Apr;39(4):293-8.

6- Saidon J, He J, Zhu Q, Safavi K, Spangberg G. Cell and
tissue reactions to mineral trioxide aggregate and Portland
cement. Oral Surg Oral Med Ora Pathol Oral Radiol Endod.
2003 Apr;95(4):483-9.

7- Thomson TS, Berry JE, Somerman MJ, Kirkwood KL.
Cementoblasts maintain expression of osteocalcin in the
presence of mineral trioxide aggregate. J Endod. 2003 Jun; 29
(6): 407-12.

Oyglome 53 Cwdgiinl (slo Jolw gl adllas oyl ol 5.l
d)lf)l_.w o.}._».m.)uL.u_: 9 AJLM_A .\_,..l))J ul"‘t"" 9 J..J.M) 9 O)AJ MTA
04w C;”L?u 5 3]9.@ ")ﬁ‘ )] odlawl 99¢ odlo dus P
33)5 (o5 (Joho Caogonne s ponidig
ool Joho STy 4y i) S allo ol oSl & 225

plil Dlgs oyl Gloaogas b alayly 4o (g iy ledllas 2445 0 Aoy

&l

8- Koh ET, Torabingad M, Pitt Ford TR, Brady K. Minera
trioxide aggregate stimulates response in human osteoblast. J
Biomed Master Res. 1997; 37: 432-9.

9- Cohen S, Burns RC. Pathways of the Pulp. 8" edition.
Philadelphia; 2002;P. 719.

10- Perez AL, Spears S. Guttamann. Osteoblasts and MG-63
osteosarcoma cells behave differently when in contact with pro
root MTA and white MTA. Int Endod J. 2003; 36: 564-70.

11- Song JS, Mante FK, Romanow WJ, Kim S. Chemical
analysis of powder and set forms of Portland cement, gray
ProRoot MTA, white ProRoot MTA, and gray MTA-Angelus.
Oral Surg Ora Med Ora Pathol Oral Radiol Endod. 2006
Dec;102(6):809-15. Epub 2006 Apr 21.

12- Abdullah D, Ford TR, Papaioannou S, Nicholson J, Mc
McDonal F. An evaluation of accelerated Portland cement as a
restorative material. Biomaterials. 2002 Oct; 23(19): 4001-10.
13- Ribeiro DA, Duarte MA, Matsumoto MA, Marques ME,
Salvadori DM. Biocompatibility invitro tests of mineral trioxide
aggregate and regular and white Portland cements. J Endod.
2005; 31(8): 605-7.

14- Braz MG, Camarg OEA, Savadori D.M.F, Marques
M.E.A, Ribeiro DA. Evauation of genetic damage in human
peripheral lymphocytes exposed to mineral trioxide aggregate
and Portland cement. Journal of Oral Rehabilitation 2006 Mar;
33(3): 234-9.

Y.5


https://jdm.tums.ac.ir/article-1-203-en.html
http://www.tcpdf.org

