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Loma Linda University, California, USA 2] Mahmoud Torabinejad®ll <]
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II. MTASQ] in vitro A E%2% EA

1. MTA #4574

W2 MTAS EdWoldAE Ames assayE ©o]&3] H7lE ) o
Ago = MTAS, tE Aodd 954 Q552 IRM, Super-EBA7}F
tpekal Qo] fdo W7sk Salmonella Typhimurium LT-29F
7 vl E AL revertant bacteria colony counts’} A= ith A8 A
7} MTAE ¥33sk ojust Alg] A 5o A% revertant bacteria colony
counts®] S717F S A & o] A MTA, IRM, Super-EBA7} &=
AWol it BEHE FHA devthe 28 Yehdgh

MTA® FHd5A4L oz] AFolA mouse lymphoma cell, human
peripheral lymphocyte, Chinese hamster ovary cell, human
osteosarcoma cell (MG63)S ©]&3] single cell gel assay %+
mitochondrial colorimetric assay® H7}sl+=d of® AFolA =

MTA® 54 vehtA ey
2. MTA AxZ54
7}. ProRoot MTAS] Al X %54
MTA®] in vitro AIEZ 54 A7+ B2 AFAEdd 98] JaA=EA=
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e AE mYg AFENA MTAZE AlZ54d0] wig 42 A=
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cytomorphologyS scanning electron microscoopyS ©]-&3le] #4231
=H 19 FoF 3d Foll IRM =4 Aol Al2se] 5 JdeE o it
W, MTAS HE& e AXEL A%sids AL 29v® agx
Riberio et al.2 mouse lymphoma cells®]4] alkaline single cell gel
(comet) assay®} trypan blue exclusion testE ©]-&3] MTA<} Portland
cements® FAFAI AE5AHS F7Fskd=d 1000 ug/mle] & =7hA]
DNA &35 283 5 i AES5AHE Rolx ¢drh” & Chinese
hamster ovary cellS 37ColA 1A]ZF &<F 1-1000 pg/ml %< MTA
9} white Portland cemente] *=%A]Zl F alkaline single cell gel
(comet) assay$} trypan blue exclusion testZ ©]-§3d H7}etdvd =
E FFENN A5 AES5A] YERA ghkh®
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Super EBA, IRM, glass ionomers, gallium GF2, gutta—percha,
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E]— 29,31-43

ol A9} o] tEE AFo|A MTAE U AZERT AYE =4
o] YrkAut o]# s dAFEo] HbelA MTAY AFE=AHo] thE AB8E

I 2 Aoz gAY B EA U2 A7EE AdT MTAS Ax=4

; SEESE



& gt g4 EebE e vseA ustem® #Ho A folA
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712] 31 murin pre-osteoblastic clone cell B ol A o] Fo]z T &
Tol A= MTAS Super Bond resin®] A ¥ F=3} F2 oA 2 n 3k
zpo]l S Holx gkth® m gingival fibroblastoll A theFst x2g o
A AFmE AFs #F A9 Ay MTACl Hl3] Geristoreo] ¥ &
AE B2FE epdo

Koulaouzidou et al.2 fibroblast cell line®l4 MTA, zinc
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%A 7] lactate dehydrogenase EA =5 =4 3to] #7135t o] 4
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AMEzEA AE S4 #ste] GMTAY WMTA Alelol o] & w3
SHA] g

WMTA+= 2t &3 A3 Astd A
murine odontoblast-like cellZ} w]&3} X]4=
WMTAS] sko mE Ax5de] Zolm A=, MepmAxLe] BE
7 FHHY BHe ArEe WMTAC 9side d&s v ¢
7 %% (20mg/mL)e] WMTAE Al¥ FAEE A7) Wetn

o of@ BSPO ARt ol #a A8g oA A
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wpo] zpelzh A A eFhrh®

AMTAS} &2 A5E3e] vud+= #o] MPH =0 Buckley's
formocresol, CH, ferric sulfate solution¥ -2 pulpotomy agents 3}
Hlal Aol A AMTAZE 7HE w2 AlESA4S Zte vde 2S5 523
0 a8 s g Aol s AWMTAS WMTAZE Vitrebond9h Super
EBA°] Hls] Ax oA $Fsiths Ae Bk = 7de
human pulp cellel A A a&BE AMTAS castor oil#e] Hlu Ao A=
F AR BT AEEA a%E Holx g™

olg]g AL LAS] AMTAE AX wjdol A ProRoot MTAS}

A BAE AR AE B4l W Tk A2 ¢ F 9
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e =2 =3 Al AE 549 ¥

™ % murine fibroblast®} macrophageol 4= WMTA”} Hir5=9F &3t
S wWHY 0.12% chlorhexidine gluconate®} &3+& S w {2 v] s}
A 2 AESEE JEhATE” & L929 AE v A= Ak
A 2t E3¥ WMTA® GMTA®] AXEAe] s &, saline, 2%
lidocaine, 5% CaCls, 3% NaOCl gel, KY liquid #<& t}3lt Hr7E5e
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NaOCl gele Al¢ldtaie MTAZF 2t EFHAS W= AEFFo] G
S FA &drt Kang et al.2 WMTA®] 0.1 wt% citric acid, 10 wt%
calcium chloride, 43.4 wt% calcium lactate gluconate &S &3gsf zt
zrel A AAAS dAFEAde. 1 Ay 0.1 wt% citric acide} &3
MTA+= =2 AAATAH S BH L 434 wt% calcium lactate gluconate
fdo] E3E MTARE 19 Ale co04d AAAFAES ZIAR 10
wt% calcium chloride®t &3% MTA+:= 53 MTAC] #s|A A4
e Az g4me AX 7AS Bn® = g2 dFdMes KoY
jellyZ WMTA 39t ¢} £%3te] human PDL celld] 3 N E54S
ZAbskgit. 1 A3 WMTAZS K-Y jellys} £83 A& B3 583
AT FAE AAAFAE BA® WMTASE 15% NaHPO, & 9§ &
gr3te] mouse fibroblastoll thgh Mx =4S H7bsk AgoAs 197
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DA ol gk Aol EFIIET AE A £AE2 interleukin (IL)-1
a, IL-1B, IL-2, IL-4, IL-6, IL-8, IL-10, osteocalcin, alkaline
phosphatase, bone sialoprotein, osteopontin, BMP-2 %<& X335+
T} 2527347653

of ] A7elA Ale]E7EQIS] o] AlxE &3t AFZ=A AR EHU
th. MTA® bone cellol A @54 AlolEIRIS] WS Frstal +2
A F2S Yebdli=d WA human osteosarcoma cell line (U20S)°l
A IL-49 TL-109] 2&E F7HAZA G 283 Huang et al= 954
AlolE 7 el 3 CH-based material (Life), Suepr EBA, MTA2] <
o vlalste], MTAZE &4 W7 b & Aisol EA4T wry IL-4
o} IL-109] o] FolmsiA Bris A& B

Mitchell et al.> MTA <A Al IL-1a®} IL-1B9] S7} glo] IL-67
IL-8°] Z7l3ttes RS HoFA? Deller-Quinn et al.’= mouse
preosteoblastell A IL-1a9] F7F §lo] IL-67} S7Istte= AS HAFA
o™ 3A W Koh et al.> AZES MTAC 6d%E< HE5A17]3 IL-69
A IL-la, IL-1Be F7F= ®BATh® a8z MTAZE &4 o
M-CSFE 7 QA% 24> MTACA B9k olye b2 X3 A=
59 EA stelME dojwtt”

o] AEold MTAE dubdog ASA AolE7] whe<
TR AR AFo A= Alo] BTl AJito] #EE A gFtrh. W
A mouse fibroblasts®} macrophagesE ©]&3] zZask 2do|A IL-18
oF IL-69] Aike]l dojubA] eFgtal, AlolE71e] A2 MTA FW 9
AZ ok gd wAdy Fwrs o 28la M13 M2 macrophage
g o] &3 Aol Ato]ETIQIS Aibe] #EE R FprhH E ThE

A58 MTA”F M13} M2 macrophage phagocytosis®ll G &S FX &
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Tomson et al.& A& A 2o &Hlo tigk WMTAS GMTAS
M4 AR s 2AEAGY 59 Ane T okA FRe
MTA 5 glycosaminoglycans, noncollagenous proteins,
adrenomedullin (ADM), TGF-B1& @A th= A& B o] Ay}

E2 MTAYA ddde=z 71849 AEEC FAHSZ  dentine
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Pistorius et al.2 gingival fibroblastE A}&3 A, oFZ7} inert
titanium alloyol] ¢33+ PGE29 A HS =As vt 159 A=
titanium alloy®} MTA”} PGE2 A4HS F7HA171 vbd
F4S At TE e BT

3 X Y AFol A MTAE NF-kappa B signaling system®
HstE Fd PGE2 A4S 741712 COX-29F NOS mRNA 23S
F7HNAHTET MAPK A=2E FeAoz Axe 44y #4, #sh A
8-S A3t} Huang et al.-& human osteosarcoma (U20S) & o] &3}
of MTA®Q &A1 Alo] A Eu|LN A extracellular regulated kinases
(ERKs) 7} Z7hstthe 318 #3lth® ERKs &4 MTAY F%=7F @
oA FolEaL A AFto] AojAsE Askith ERK o AIAlE #
7}stel ERK 422 JAstd MTAC] th3t &akoj&Ady A7 &4 o]
3R o] AL osteosarcoma celld]l ™3 MTASl =¥+ ERK,
MAPK®] 2o o3 fFE=Hths 2S Yepln®

Yasuda et al.& # ¢ dental pulp cellE& ©]&3Fe] MTA, Dycal,

adhesive resin cementZ B &Rt 7 A3 MTAE dental pulp cell
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ZWNZek 2] Wk A Dycal BMP-2 &S Z4A# 3l dentin
adhesive cement= BMP-2 A4tell &g w X« ¢dgirh® o] 4%
ok A= MTA =4 A type I collagen® A4F#} osteocalcin &2
6 T} 32437980

Cementoblastol] W3t 3 Aol MTAE BSP¢ collagen type 19
93 7} mineralization® F7MAIATET o] AF A= MTAV
cementoblast M3z 9] 8-5S A3} cementoconductivedt Al st A
S vrebdith 2832 bone cell (MG63)ell thdk A& oA MTAZ} type I
collagen, osteocalcin, alkaline phosphatase, bone sialoprotein,
osteopontin =& 2] AA T ZF71E dozl FHow Hol MTAE bone
cellel thal osteoconductive effect® 7FAl+= A 2o

F <t Laurent et al.> MTA &FES& AX Y F7isk £
nestin & 3} mineralized matrix2] @4-& #Z3Ych* 3 Simon et
al.e MTA® €%=ES pulp-derived cell cultured] F7}stdS o type
I collagen®} dentin sialoprotein (DSP)o] Z3lA wWa &= AL H s
AtH® Pulp capping ¥ dentin bridgeoll 5] DSP¢] &A% &Hels]glrtP
23 Min et al.< enamel matrix derivative®} MTA<®] Z3o] MTA
Wb AFE3lE A HTE human dental pulp celld] 35 W=7 3,
alkaline phosphatase &%), DSPP %&, BSP &, mineralizations =
A &G E AE Basg”

Rat®] pulp cell?t WA=t o] &3 ¢ A= WMTAS &
3= Dycal¥} Hlwstgtt. WMTAS widd &89 AEE= pulp
healing &9t AolARA Y 3ol FAZH heat-shock protein 255 4
Bl 3 DSPel HSP 258 $13 mRNA® %2 &S vebloh”

Human alveolar osteoblastol] thgh &= tf & AE v A= "

13 A & L]l



ATES® WA dentin matrixE F-E] ¢] bioactive signaling molecule?]
£k, vER dojuE 3ol Fasth® MTA¢
simulated tissue fluid7} H% ¥ MTA $ol HAZF A58 57 o=
34 += osteopontin®] ¥o] HA IS A=3dt= 54 w@o] ook
T} 9899

g E-5 9] in vitro A= MTAZ}F Aol EFLOII AsAY Bae 27}
A7l Edolgs AS FAskAh Aol ERS ALke]l ik MTAS
B g dF AFE Y ATHE AHRES AX

MTAS 5%, A58 Al Eslele] iol e 25 4 ok
L}, MTA-Angelus

MTA-Angelusol] W= AlelE7IQ17 A dd £4 A F= &
ol tjs] 2 AFES o]FAHY. Guven et al.> human gingival
celll ©]gF TGF-B1¥ BMP-2 A4te] tid GMTAS AMTAS E3&
vt 185 7 7HA TR MTA BEF AX A4s A5ste
AL BTk 24A 73 7247kl A TGF-B19] 42 GMTA 1HFHT}
AMTA 5ol 9 smokvh ol wksiA BMP-2 e 244 bol A
AMTA®] Hl8] GMTA ZHollA o =okch® 1ea & te Ax w
A= GMTAS AMTA®] th3F mouse macrophage? W3S #7713l

14 A ‘“._, ‘_]l



b 25 Alo] =g}l gzl e A] gkghrh™

Gomes et al.2 ¢ H= W2 AMTA &S FAFstaL PMN
olFFell ek AMTAS s Ayt 159 23 AMTAZE 9l
S u viRkMEZe} A AEE PMN o]F5 AIZE oF &% oF w2
o% FASE IL-16, MIP-2, LT-B4 28 @& Ao 271912 Ak}
AL vyl

Silva et al.& thekst A=A Alo]E7elo] 9=t A mRNAS L3S

rlr

13 murine teethell F-& AFdds A8 £ Holde AT 245 H
Zhekth 159 A= AGMTAZF CC5, IL-1a, interferon-y9 mRNA
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I. MTA®] 3t in vivo FZAHF-S-

1 ool4 kg

7 5wk

B AFE] MTASH o2k CH, Super EBA, thekgh <3 534,
IRM, ZOE, cold ceramic, EBA % ©W& A &Eol
g8k wrgS vl 98 A= MTA A&l
&S HuFop IO o] s giRRE M35 R EAE 2
& Von Kossa 7181& AR&&tih P21 Ae 2
Mo 2 Von Kossa—positive¢! F+-x%E0] A5t AS Hgon ¢ &
g A MTA A8oA o 2 438 FxE0] EAAUT " GMTA}
WMTA E5F o2y FH F942 435 FxES Koo

ol wbEjA ojw AFEolM = o]AE MTA FHom 435 3
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IV. 4%

MTA®] in vitro AATE A= T2 Axs54, FHA54, Axq
S Soll dste] ol FoA gkt WA Salmonella Typhimurium LT-2%5
AbE-3 Ames assayolA MTAS ZdwoldAde yelyxr  ekkar
mouse lymphoma cell, human peripheral lymphocyte, Chinese hamster
ovary cell, human osteosarcoma cell (MG63)S o] &3 & oA

MTAS] 454 e e gt
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=4 e A BFA ¢ & AFE HAY Gray MTA9F white
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I AE AE BAEe 77 BRAEA oH 7 Aol EFRIET AT
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alkaline phosphatase, bone sialoprotein, osteopontin, BMP-2 &< X3}
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Abstract

A Review of Biocompatibility of
Mineral Trioxide Aggregate

Lee Jaehee
Department of Dentistry
The Graduate School

Seoul National University

Mineral Trioxide Aggregate (MTA) was developed in the 1990s as a
root-end filling material and it has good sealing ability, ease of
handling, good long term prognosis and ability to stimulate tissue
regeneration. Because of these excellent physical properties, it has
been used during many clinical applications such as root-end filling,
apexification, direct pulp capping, repair of perforations and so on.
Since it is used in direct contact with soft tissue and hard tissue, the
biocompatibility of MTA is very important characteristic. In this
article, previous studies regarding the biocompatibility of MTA were
reviewed.

In vitro biocompatibility studies of MTA materials have evaluated
cytotoxicity, genotoxicity, cell response. The mutagenicity of MTA
were evaluated using the Ames mutagenicity assay with Salmonella
Typhimurium LT-2 strains and the results showed no mutagenicity.

Moreover, none of studies with various cells have shown genotoxic



effects of MTA. The cytotoxicity of MTA was evaluated in various
cell culture systems and a number of investigations have shown that
MTA is one of the least cytotoxic dental materials. An increase of
various types of cytokines and signaling molecules has been reported
in the presence of MTA in various cell culture studies. Subcutaneous
reaction investigations showed a moderate response to MTA with
necrosis, dystrophic calcification. Osseous reaction studies have shown
relatively mild response to MTA. And various in vivo studies
regarding root—end filling, apexification, direct pulp capping and repair
of perforations showed favorable tissue reactions.

In conclusion, studies regarding the biocompatibility of MTA in
general tend to support the excellent biocompatibility of MTA.
However, since clinical stuides in all of its clinical applications are

insufficient yet, further long-term clinical studies are encouraged.

keywords : MTA, mineral trioxide aggregate,
biocompatibility
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