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ABSTRACT

Properties and Clinical Application of MTA

Dongjin Kim, Jinhyung Cho, Eunjeong Gwak, Wonse Park, Bock-Young Jung,
Kee-Deog Kim, Nan-Sim Pang

Department of Advanced General Dentistry, College of Dentistry, Yonsei University

Mineral trioxide aggregate (MTA) is a calcium silicate-based cement commonly used in endodontic procedures
involving pulpal regeneration and hard tissue repair, such as pulp capping, pulpotomy, apexogenesis, apexification,
perforation repair, and root-end filling. Since MTA’s introduction in 1993, numerous studies have been published
regarding various aspects of this material. The purpose of this paper was to review the composition, properties,
biocompatibility, and to give evidence-based recommendation for the clinical use of these materials.
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A =2 Administration (FDA)2] 2138 o} ProRoot MTA (Tulsa

Dental Products, Tulsa, OK, USA)&t= AFEH o2 SA 5

2 ZuA R Aifls A2d 2202 Al I QT AZo AEE AHLFS u), MTAZ} IRMo| L}
19 Aol FASHEA WA WEA, ZBAR ool wsA] wy R320] M1, Ik Adko]

&

9] AF-L T (root canal system)Q} 1 FH Z2-& A 09 WA o] RIE XZHo g MTAZ A% pulp
22 dAdst= 2Hebsolyt A@-F (apical foramina), capping, pulpotomy, apexogenesis, HH %28 74X =
F-3 (accessory canals) 59 HE2E WHst= 2o & ool A ATk FAL 2lF HRZA, EFF perforation
2 At o] & 93t o)Al TH EEE ARY =40] repair, L8] 3 720 Wt oAb Qi 2pke] ZAAZ
B, g fash gon), AR Asela £ 2 1 5 gaig weinl el A8ET Yo ole] MTA
Hofl a7}t glom, 53] 2ol U= AefolA LHE o) JEy} slata], Bad AEeA Ao ta) s

7t Fotof gt 19939 v]= Loma Linda A AT wy olgmos ofwA HeEx] dGolw 1z} g,
Dr. Torabinejad®]] 2J3l 119FEl Mineral trioxide aggregate

(MTA)= 28A = 9 AT 454 A=22 g

At o] AEE 19959 vl= 53 E W Federal Drug = 2
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Ml A8 Sl B A7t 2ok o A ¥
Ae WA B3tk 7|2 HoR MTAL 23} weale 2
Zol=AY A Fej2 Helthl Fsteie, o)t At
A%§ AMES vaT HFPUL Aoy, AR 5

o] fARaH] Tolct.

19959 EAX]E MTAE= 50~75% (F£A¥])9] calcium
oxide?} 15~25% (F-AH])9] silicon dioxideZ A= o] Q)
oL B3 FDA B3 o AIE|o] 9ir}. o] F Aol
AolHA MTAL] FAE 2] tricalcium silicate [(Ca0)3SiO2],
dicalciumsilicate [(Ca0)2Si0:], tricalcium aluminate [(CaO);3
AlO3], tetracalcium aluminoferrite [(Ca0)sAL,OsFe05]7} &
Aol a1, B71H 2 F Gypsum [CaSO42H,0] & HFAFA
EEAS Hol7] 3 Bismuthoxide [Bi,0s]7F H7}HE]
o] gt

Estrela 5= 92| AlatS ©]-835te] MTA, 45§ AW
E (Portland cement), calcium hydroxide paste & Dycal 2]
AL ALEHA Portland cement= MTAS}F &
steha] ES 7FA I ekl MTAY it 2 zx9] A+
£ 39y, 3}, Funteas 52 199549 E3]& dhe 27]
9] MTAXE Portland cement2} bismuth oxideZ A 2]3}11=
147]¢] A Eo| t}Eo] ¢SS 43T}, Portland ce-
ment®} MTAS] {FAM-E $-4o] ofye} u|= FDA 53]
AENAE 7|2 Q2= Portland cement®] 7@’ o]2kal
93] 9lom, MTAZ} Portland cement2 A2 4= QL
ot A&, o]o] 11719] MTAX.T} Portland cement
£ AHESHbE Al=R UARE 34 Aol A Portland
cementE MTA 4l YAAH o2 HLsl7]of B3 HE
of ettt

B4 "l dFoJA Portland cement= MTAX.T} Cu,
Mn, Sr, Pd, As 59 S5 Hl&°] & A= UeH
I, 0] FolA As= MTART} 6HfL =2 A2 853
o 3 MTAS] v]8] £ =7} ol du] Ho] o
AL, @F 23 9 43 g0 Y H-$, Carbonate
of &J3} carbonation®7] 412, o]E A AF = &
ey 59| B4 Fo| Jejuctn sty w3 54 B
AR AMFE Ze, A@Yo = AU 5 U=E HF
3t =7 =7F € 23|, Portland cements= MTA®] H| 3|
S E7E RobA EFstar, HabiAero] AN 2
AEEE AR Al A2 &S o8 7HsAdol itk

sty aela, 27 &4 5, gud 3)=o] Hd

(e}

[e)

O] Zgol2o] BEE ojof 3=t Portland cement
A, MTAR T BE5Fo] Wol 243t 3&o] 71

o L Rl o o2
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o % o skt

MTAZ} portland cement}2 o} JAFZ O 2 &-8317]0f H
23t Fo] AR HHE Utk MTAS B s &2
e, 23e] ofelg. WAl 54, 28 9 334 @
% 2213 A7A7F otk Mol ek, w3 71 A3t A
ZFo] MTAQ] Td o2 HIEQ Xt Islam 52 white
MTA (WMTA)@} gray MTA (GMTA)®] 73} A|7to] zbzt
1408, 175802t AEX| ey, o] dt 21 A3} A|7te.
2 qlafo] Ay 2 93 271HQ Welo] Wasl,
9 A3 Y Foll B #Ip B2 5 dew, F
A A% Aol ofa] ga8 F1540] &

A= olHE MTAS TS Hekstr] 98 o v
gholl A 522 Q0 MTAS 7HEat, §3],20134 0 A=
S8} wage) ek 27149 4R Wste Fa) 24
o) A& Al=SHAL QAT

(2.5

|

A
(=]

}
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1) 43t g

MTA+E Portland cementE 7|22 7fE Zo]7]4
=< 7l 20| Aito| HHA HoH) o] &
A= EA4L 254, 4, 55, A5y T/ T o
o FEY 2/ v 7MY S Eol wen,
MTA A| Aol &3 == EHu|= oF 3: 10|t}

MTA £2o] 3} 4]o]A =, calcium hydroxide2}
calcium silicate hydrate7} A2 A= 1, k3o Z20]
£ Aol "t o] Fo = Eo| = AEfollAl calcium
silicatet= 7}E3|E LS A calcium hydroxide®} A | 7]
9] calcium silicate hydrateS A§4dgtct. o]o] et Wh-g&-

obzje} 2!,
2(3Ca0Si02) + 6H,0 — 3Ca0,Si0,3H20 + 3Ca(OH),
2(3Ca0Si0,) + 4H,0 — 3Ca0,Si0,3H,0 + Ca(OH),

AlZko] AU A Zg JHEC] A&HA BAFEL,
oo we} calcium silicate®] = A& E5A He
o], oju] BAAHE ZH JAEANA AEHEHLE calcium
hydroxideZ} A EHA 2 A7174 (°F pH 12.5)=
A3HA] Eth. Calcium hydroxideo] A4do] o] AJHoj
A gt dsiAe of2 =29 o271 Ut
Camilleri £-& dicalcium silicate?} tricalcium silicate”} &
3+ 88 30| calcium hydroxideZ} ATt st ",

Dammaschke S-& tricalcium aluminate?] =3} 3} o A



hydroxide7} A3/ €tz sk,
MTAQ] FAAE = tricalcium silicate= A|HE 2] 7]

o] F83t calcium silicate hydrateE & AJ3}aL, Dical-

cium silicate hydratex= tricalcium silicate 2t} © &4 &
T} ghgste] SRk 9] Aol FastA Fgdsles AL

2 IHA Yot E o2 A EQ Bismuth oxide=
AT (PSR A4 & L=, ol MTA A
A3 ABIAI 7| I, healing®]] TE AT 240 &
ot S A= Aoz dHA ok’

2) pH

MTAZ} &3 £9tE 3 ¢ 259 pHe 10.20]9, o] %
A& Assto] oF 3AIZE Zof 125714 St £ o=
A= A&H o= Zgol F2 =L calcium hydroxide
7t A E0] 2 pHE FASHE A2 IA JoH’,
gray MTAS} white MTA 7toll&= 3271 ] 2 ¢S 2
%ot o2 g GMTASF WMTA Zte] pH &ol= &3t 53}
3 602 Fof B AAEA vEbg T

3. =218 E4

1) A3t AlZH(Setting time)

MTAE 3:19] EH82 43S uf, B3} A7 Gan-
dolfi 5 MTA®] Z|F 73} A|Zk& 1700 2kal Bt
Ao Ber 5-& 20289 A3} A7He wrEsiR ",
Islam 52 white MTA (WMTA)$} gray MTA (GMTA) <]
Az} A7ko] Z+7k 1405, 1758 0|2ta AEA QY. o=
71& $EEQ olWk, GI, IRMET 1 71 4312, MTA
o A9 % U= 2 5 Utk o2 s A 11E
MTA| H7HES EAY, 9] JBE v 5o o
71 A= 1T} Wiltbank 52 portland cement®] 73 83
AA = 2 &3 A calcium chloride, calcium nitrate, calcium
formate 5= GMTA| &35S o, F3} Al7to] &<
A Bade Bt stE. Ber 52 F55 4l
15% Na;HPO, & HAZ AHE-3H9S o, WMTAS] %3}
AlZko] ZHadt= AL B, o= A3t 3, I =,
pH 59 o2 &7, 33 EA F3FZ vA A &%
R

2) As} WH (Setting expansion)

MTAE &9 H7I= Qlste] A3t BAst= dEo]
U=t o)z st L%t dHHy WA AJAES U
EPAT}. 3R]k o] 23 o] B e > F ket A2

Kim et al. MTAQ| EAM T} UMK M

oo mbA S op7|E = glo, A A ko] #std
t}* Gandolfi 5-& WMTA®] 0.77% B3-& &elatg ",
Islam¥} Chng 52 GMTA2} WMTAZ} 212} 0.28%, 0.3%
o] B e gictn skt Wiltbank 5 30
o F¢F MTAY] 0.7% 53] 3712 wastgen, Storm
52 g9 75004 GMTAS] 1.02%, WMTAL] 0.08%,
Portland cement®] 0.29% HAL BustAct” 7} 5o
Ortho MTA, WMTA, White portland cement2] 733} W3-
H| 23} =4, OrthoMTAS] 73} FAEL 0.08+0.02%
0] 131, ProRoot white MTA, White portland cements= 2+2¢
0.28+0.06%, 0.80+0.25%Fth. Z+ Aol A3} B3}
AE7} 2ol 7F U= o= A7IA] R MTAS &
B4 gt AFES S FHol 7)ol 9o
A BE5IE O] QA FataL, o] AH <l 4 EE AlgHd
o] AAE o} AR ¢k7] Wl Aoz ArRHL}

3) &3l|= (Solubility)

MTAS] g3z #sjA= 2 FAY gict &
TEI Yoy AHE] =R Fo|A, AR HokS
o], £ =7} 2713t R uE o’ WMTALF GMTA
2 v wslgS W, WMTA7} §] B2 faes Bga’,
=R 7 ReH MTAS] 58 (porosity) ¥ &3 =7}
LA yebgtl olg] dolA T f8=7 yehya
PE AL Sl SAYH 2 $3HA2F MTAS] JFH,
EHu7L o2 Ao 7118t A& AR HC}

4) &= L= (Compressive strength), 22 2=
(Flexural strength), Push-out strength

MTAS] 457 == MTAS] =3HES- 24A|17F S4ll of
D2, IRMof| H|8f ZA]9E, 35 A& AU F=rt Bl
S| At} o= MTAL] 4 AEZ dicalcium silicate2] 4=
3} Uk &% 7} tricalcium silicate?] ¥HE £ X T =g
Aol 7113 B3 ¢F% AEE YubE o2 MTA A
A9 o) AA H9HA G ASE et

IF e ARY T 2HE EY 7AFeRE J
of FHEE7|E ¥HEsto] E ®loA AREH=AE 53

o 2H SAEE ZAEolth. MTAY 7% 3

ofd FHoA & FFote] 24X & SN =
=7} o ZsiA vebg T

Push-out strentgth+= perforation repair & material®] tooth
functiono]] oJs HE 4= =AY RE Hst= a4
Z,MTAE IRMO|Y} Super EBAE T & =& e
ATt

_—

o]

H oy
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Y ATES ums) Here o, MTAS 4% ZE

¢

5) gAMI = E 1+ (Radiopacity)

MTAS] A EE AL aluminum 7.17 mmol| 333t
t}. Gutta-perchats= 6.6, QA 21 root canal sealeri= 2F 3
oJgtE Holu MTAZ} 5&35t7] Ao X&' IFHA
2 A3 2E Super EBA cementt} IRM2 5~8mm 3=
2,0 ERTE &2 ot WMTASY] 2%, GMTA%}
Az Al E°]7F= bismuth oxide ¥ ZHo 1}, WMTAQ]
AP ER Y o] =4 UEht= olf+= WMTAY] o2

=) 9
A Aol 919 % gleka e

6) UXt 27| (Particle size)

AZALS] A9 MTAY S5jo] J5he MTA B
H5.0] portland cement?} FAMSFHIL Bt =T, AJdll
Eo) Fg WHe YR F7leh mopel e chao,
Dammaschke 5l 251" WMTA®] 742 2 YA %15}
e At FAsa ERGE GRoletu sy,
ES AR} Z7]e disiA= WMTAS] d&H7F GMTAR
t} o gAstgtHs B7b 9o ®” | portland cement=
GMTAS} Wo| FAbsitt 3t GMTA £%9] 9}
37|+ 1~10 umzt gk 9HA, Camilleri= WMTAS] ¢
2t A7) 1um o|5toll A oF 30 umata G AWE
o] 294 AE& 24 A7)0 et o2, AT 2
T5 Sdste dALke HE WF o] 27] e 27
FE7F o AAL B HEke o GOl A2 A+
of &std MTAS] oj® UAFA7]= 1.5um JEAA o
AobA| g gtoll AF7L 7Hed Hmolth . o] Ao
T £33 W F hydraulic sealingS EA3F] MTA
Wso] 208 ETE 9] gevt s FEE 9%
ol EWES AANL G AopAlo] AEY
o @Aol7lo] YAHeRE % o 1T Barl

o

s

3 flo (2 1o Mo o

4 4= (Microhardness)

4 Free 249 o= ol U= A=E UE
A2, 2Aolu A4 B 1 W et Axrt
°o 2 o] A&7t Ar9 dAFo] AHEHTH MTA
AE+= pH, §A, &5 o9, 7|1 Z, A4 S5,
o JFFL W’ HE MTAS] hydration phase
© cubic A&} AtO]2 needle-like 27t A= A%

70

SHA w2 E=7F FTlsheT A oA = ol
needle-like AA7F FAEA| gob m|aF =7F FAastA
Hor”, E3H MTAS] 4 9 &A1) g3y o] BAglol
MTAY] F77} BAL4E va = F7hstdn”, &
2 &%, %S pH, chelating agent] Z7 (EDTA), % A
o] o] WesF i Bk Fadhs B UE

31
Aok

8) & x{&t(Fracture resistance)

ko] ul <4 X Lol MTAE open apex?] apical barrier
2 ARERE ARolA, 30 Foll= sl Aot HEkgt
EATRo] SR YA, 19 Fol 22
calcium hydroxide®} B3] H kS wj, oA A go] <
5] F7Fe o] Bt o] Aol i, AP FHS
o] 83 A3t A}, metalloproteinase-22] tissue inhibitor
(TIMP-2)7} MTA A3 9] 2|ofof Art Ukt TIMP-2
= 2ehe) g vl AaHoz o] ol AT
2g 2 Ay,

9) 0| MTA

199019 ZRtof| 7HE Mineral Trioxide Aggregate= %
A Am AAZE 7ol ar, 2 7)7t of B, B3HAIZE
o] A Eak WAL $UT & Yok Aol AR
MATIE AL S5E 4RI AR A0S ZAL F o
AFE AS dote dA7HEY 83T ® oE JfEE
ALY A U2 7hA gkt
WMTA= 2002301 7N = A=Hl, 712 GMTAZ} A
ofo] WA F& of7|gt Ao Hls| Au]dE MAAFL
o, & kA g, AYrlAE A F] (tetracalcium
aluminoferrite) 9] &aFo] W},

2001 =ofl= B el 9] Angelus A} 1 AEo| H]
251t #7121 MTA Angelus (Angelus, Londrina, PR, Bra-
zi) S 7fste] T35t ol calcium sulfate dehy-
drateE A A5t 7]&9] Avket S0l W A3
37129l 10802 A,

20079 &A% BioAggregate= MTAS} FAFSH 74 A
< 7HA AL ey 540 gtk &% aluminumo] §l
, calicium phosphate® -3l E T2 EXOo=Z=
FAMAEETA]S 913l bismuth oxide™ Al tantalum oxide
A3 Sk AolT,

o]2]of| = CPM (Egeo S.R.L., Buenos Aires, Argentina),
Ortho MTA (BioMTA, Seoul, Korea), Endocem MTA (Maru-
chi, Wonju-si, Korea) 5 ©]&|o|= thofst MTAZ} 74,

e o K Mz



2= o 52 GMTAS] AAHe 40| 75%9]
Portland cement®}, 5% 2] Zrg, 123 WA ERIAA-S
A3t 20%2] bismuth oxideZ Eo] U= Ao v 80%<]
Portland cement®} 20%2] bismuth oxide2 = o] 3, Aj
2 FAE MTA= H|aA®o] AZE AU B
F AEg 2% A FT vhE &A%Y HAaE BEY
s, Chang 52 ProRoot MTA®} Ortho MTA W <&] 5
24 w2 8 24 ARE AT} LA =e oL,
B4 9 As, Cr, &7 283 Pbe] FFE 2ARE At
ProRoot MTA 2] Ast= 1.16 ppme E 21} Ortho MTA®]|
A AEEA ok, o 183 Phe F 7HA] BEo
A HEEHA Gk 8432, Crd Ortho MTAO A -
OJ5HA] HA L= 0], As, Cr, (" 12|31 Pbo] T
A H¥ 5 MTAZ} Qe M elo] Astctn sheehs,
ERL, OrthoMTAS] 3t FHFES 008%= AZH 54
A (KS P ISO 6876:2008)9] Q7270 Batets AR=

Agith o]E gt HAF o] Ueh}E= 0]8E Free calcium
oxide®] H|&o] A& AL E 4 r}. Free calcium oxide
£ AUES] 43t BHoA BEsH ZoT dot 3
L gpons gl £ A% B 2EE o]
3H} . BioMTA A &A= Free calcium oxide®] H]- &<
0.7%2 ¥4 ProRoot MTAY] 1.7%E T} A2 H|&S
UPEFIChT SRYTE O]9 o] A2 275k olF MTA

L RN SAM SYS HolZ, 4% 2
1l A, Sl B YAHAERDA O diste] AY
ARG =29] Hlolg & F3%lt.

A

P | M

4. yatx

i
am

1) == (Leakage)

Al-Hezaimi 52 <#SAEZ Y dy 58& H7tst
7] 913t Ao A, GMTA, WMTA, gutta-percha with sealer
Y 2 A=E H]JJ—‘C'?P%“QI GMTA Ao A 7H
He =29 BAH’ Chogle 5& WMTA 91 58&
gelstr] s S8 WMTAR %xdfs}ﬂ, 22 HE
AFE 3mmA Adste] AgHS AHEEY, BE
A9 AFHEEE 9mm AZG7HA] D7 Ho| IS
AP MTAE 2HFHELE AHEE & QAT
229 A AL oA, 39 I 7HsAdol ey ¢
”7}%—% olZ|gt EAE &L qlofof gt

TAS] ¥ dH 582 MTAY g3k A9 st
E/ﬂ A2 934 A2 AHEFS v, A2 JA3HF

Kim et al. MTAS| EMT} AUAE MR

o] g AH&E UL w, IRMO|L} amalgam® t} 95
A 9y 592 B MTAL 29 plug (apical
plugle 2= FH oz ALEE 4 glou, Y 4
shzgol dob glod W o] HoljA= Aoz &
HA gloma* MTA apical plug ¥4 A 2Ty =4t
sbded 7 3 4% AAE TaR 5“4 T3,
MTAE AZd&s Al 954 Q22 ARESHIS o, 1]
B3 oA AA Y7h= (wash-out) Dol BE 4= 1o
oz Al~9~”-°4 %912 QS MTAY] ¥ 9H 5

< MTA 54 & AIZF B3] w2t 5L 3 = A
oz ol—g:];dl:q] o]83 XS MTA7} 7HA = ASIE
% 9 MTASH Hotele] AWH o] ojg Ao Azte
.

2) M| XM e (Biocompatibility)

MTAE 7|=0| A}&E o] &+ 0}‘31'7“, IRM, Super EBA
59 Amof vls] HA XS0l 43 A= o 7]
Eo AFE Tl dFE v ok AAIE, MTAE disc
HoF A|lHC 2 A Z5}e] MG63 osteosarcoma cell I} 3F
A 24X12t FH MR T AES] BT} A 5
B0 S AFgsto]l AT AT IRM o H|$) MTA
o Zo] ujFet Al ZE9 A4 D F& A7t oS 4
T AL AT 5 UG MTAE AZEA 9=

‘é“’ﬂHE AT Aow HuFH o, W

TEolA MTAZF A2 24 9 X523
_% ‘IH ;qo]. 7:11;5] PAL 2R oo
1o EAZAS A1)
AR M

(1) 42} =4 (Mutagenicity)
=ddo] g - TSt Salmonella typhimurium
LT-25 ©o]-&3t Ames’ testoll Al MTAE GAR EA4Jo] ¢l

£ Ao yehgn,

(2) Vascular effect

3ol 2H8-3F MTAS] 3k F 714 A7} $l=dl, st
Us MTAS 230 A& A] 1 EAEHo|A 9 mja
223} (microcirculation)©] 3 EEE= A7E el AojuY,
ohE Shihe pulp F919) BRDL S3e7) sl 2
I oR BurES oot 29E wel Aoln,
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() AEZ 43 25}

2ol NlZ7F S48k H 2
a3t Ao 2L WEHA Ak 0|2 A MTAT
Q&= Z=73}to A PDL fibroblastZ} S415tA] 3L, pulp

£ 9%g nA $43 232 fED, §2ol
BMP29] A Z7HA7EA Mot AxH FHS =
&}A "oh’. o]ol| ule} Alkaline phosphatase, osteopon-
tin, osteonectin 5-&] WEo| F7}5HA EHiL ZJof FxZ

o gAdol EAdster.

(4) MTA®] 9J3f &&= Gene, Molecule¥} &gt

Odontoblast®] & Z} AH=2?1 Dentin sialoprotein (DSP)
9} dentin phophoprotein (DPP)= 3}be] F-H Ao I =
©] 213 Dentinogenosis?} ITHE o] 31 21, odontobalst]
o 2 ATl A2l EAHA YT DMPIE col
lagen matrixE /dst= © Z&st= 2 £4,4A5H
g=2 9= 283t} Alkaline phosphatase (ALP)= Al
X 59| early osteogenic differentiation®] A EZ Z-&3}
1, denting F3}st= g F=H &L 3t} Osteocalcin
(OCN)Z 22 9] F3oA =24 TS staL, 2ol
29 S A8kt Bone sialoprotein (BSP)+= Osteo-
blastic phenotype®] X|ZEZ A, BSPL| ¥r3o] =& X2
AR E= AAYE bone matrix7t BAAE O] AL 7HsA
o] T}, Osteopontin (OPN)2 Sialic acid-rich phosphory-
lated glycoprotein® 2, Z2] FAI} 42 F7F &4 <
marker2 43 Ho]@} tissue repairet WEE o] QUtt. o]
Qo= x]o} @S0 23t Runx2, preodontoblast®} 7] A4
< odontoblast?] B3} S & & 3= Ao =R A A Yrt.
o} X2 © 2 TNF-a Neutrophil®] 433}t monocyte 2]
recruitmento]] B3, TGF-fl= WL 92 NE =
Al Z3to] rofdttt BMP-2= £4 denting §-E5=
520 gy,

(5) /43t <= Pathwayd] F7¢} 7]

MTAZ SA3EE= ASHAEA T HF2HA AL
MAPK, NF-kB, calcium-calmodulin dependent protein ki-
nase II pathway”7} Q1=4], ©] 3 MAPK cascade= ZE
N ES] nEFol YT, ME 247} Rojo] iy
o] Qlt}. MAPKE Serine/threonine kinase family= ERK,
JCK, p38 JCK 9] 371212 EF3tT 9t} o] % p3se] <l

AFS}= odontoblast®] molecular switchZ24] 48] 7|5

72

TS, MTAR QI3 A% 571 Al pulp cell®] angio-
genesis =7 Stk NF-kBE A EZZ | EZA3} Al
2 EA5}AL, kinaseo]l oJ3 &/4d3} il FAlo dow
Eo]7} E4 DNA siteo]| bindingdle] B4 A= 2y
Q&3 NF-kB7F 843} A] RelA, c-Rel, p50, p52 59
Cytokine©| #H| =1L, FFRE-EolA ohefst A= T
d, 248 o Fa% 982 P
olggt ¢ AAHES MTAZF FEEHE <77 H
A EAH, A MTAZ} A& =HA calcium hydroxide
7h AR EDLL, 714 fEE Deoleso] AxXs9y F
2t} FA]of ofshA Frt. Calcium hydroxideZd A<
oz AT HA =olA pHO 2J3) antibacterial envi-
ronment’} ZAE AL, FHolo] 4O ASHAGAE F3)
cytokineE5°| A HT} o]F A AYAH cytokines= A=x
g Bt NEZES =M =L, =9 AlZ2s
S MTA E9o| hydroxy apatiteZ2 FAA dlo] Y&+
2 UH g 7HsA Pk
2o A= BxE S F28H= cytokines
SAHA QAL HxZ
HAE A3l cytokine E= A RS down-regulation
st Wake AEL agoltt o] A= ofdE
AgYE|ojof T A7t Hol Hol Sl

=

[e]
up-regulation 3l= £ 02 TJRE ]
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MTA®] antibacterial effect= £7 Bre]| 2| o} (facultative
bacteria)®]] TH3ll A|e+E antibacterial effectES ERHTE
Estrela 5] gt A&o]A] MTA+= Staphylococcus aureus,
Enterococcus faecalis, pseudomonas aeruginosa, Bacillus
subtilis, Candida albicans 59] 4] 27] E3}¢ch”. 7
gtE &, 24A17F At GMTAOA] antifungal effects X
ol=t] o] AL pHY F7IE QI Ao R HIthl 3}4]
t}. Efaecalis®} S.sanguiso] o3l 72 antibacterial effect
£ 27] 98 2F5HE GMTAY S == WMTAR T 2+
ATt o= 7 MTAZE Ad&EAto]of 7|13 A2 Hlth
TA Ao A+ dentin®] calcium hydroxide?} NaOClI,
chlorohexidine®] 7|52 A/ sfgtehar sHEAIT, | A
o] =9, Dentin®] MTAL] bacterial killing activityS &
AAZeEL 3F T MTA 2] antibacterial effecto]] o3l 2
T=o] oA Uetbes A2 Aol o] &% bacteria
9 FHF4 MTAY F&= Fo] thafstA ALEHU7] o
Folt}, o' HAFoAE= WMTAS A= 29 0.12%2)
Chlorohexidine 3 3}FA| FH B U, antibacterial effect”} Z7}3}



= A2 YepdE=d], 2%9] chlorohexidineS Z3HA|Z
7Aolls AlZA 2 MTAY] o5 = ASHE of7|8t=
FAEE FHE= @40l gt & & dAtolA
= MTA®} Gel type] chlorohexidine?} 4% A], 78] A
UE ZSHEA] o2 Hiof|, HA| Ao chlorohexidine
A= Al 73tst= d 12417 AR

5. UdH™ HE

1) Root-end filling materials

MTAZE root-end filling material 2 AM&3HA & o=
LW GAZE LAz, ofof] tiEt o7 7HA] AtE FollA
Chong, Lindeboom 59l &3} IRM3} MTAZ} root-end
filling material2 AMEE 1S w, MTAZ} IRME T} 9F7H
o HEHAYE 235 BRI A4 ae4 W
AT BF BT g A0E 29 sEoE . von
Arx 52 Retrograde2 o8] £4 242 4 &, A|7H9
S50 W& &4 4FE sl dFsideT, 1d &
o] AFE HuoA= 24E 1Y AFE A7t &4
A EubA] Gk AITE, 59 $9] H]AL A-tof| A= Pro-
Root MTAS] AFE°] 925%2 th2 o EAEHT}
A Yepdo,

olo] ts}e] Kim3¥} Kratchman 52 MTA”} root-end
filling 3}7]° 713 A ARl Q= A2t AFst

et
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