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[ ErY] EHE7EHEA] T & D mineral trioxide aggregate MTA)DKE = HIO L LT, %<
DO BIEMEEAIBAHE S 4L T X 7o, AW TIE 24 5 O BB 5L O AR R B HE D 22
FAZ OV THRE LT,

[J5#:] F28RIZIL, ProRoot MTA, TheraCal PT, NEX MTA £ A > K, BIO=r K
& 2 MTA premixed & V=, T v b EBE—FHRICEMm 2 ER L, SHEBEEH
EME, A==y RTHEH L, LER 1, 2 BXT4BRIS, T 71 4]
REERL, 707407V v VOBBRIZOWTHEIZ LT, F£7- TheraCal PT Tid,
osteocalcin (OC) DRI DU THFEFM A BIZE L=, A T, ProRoot MTA &
TheraCal PT %~ 7 A SAZEE SRR E 35l MC3T3-E1 I /BT &4, OC EEAEIZ D
THIEALRRFHTIRE L7,

[#R] SEERAIFCT T 4 7 v VORKIZEZRITR O 7202572, TheraCal
PT TiL, BT v 7 17V v VHHORERIC, §1 OC JADEBGIELIEH
B HAVT-, F72, MC3T3-El AlfEiZ 81T 5 OC D EEA I, ProRoot MTA X ¥ % TheraCal
PT ZHM L ZBRICERE 72 ER- 2R LT,

[Faa] 4 FEOERAII N T ORIBEOT T 0 7V v VIKGHEEEZ A L T
V7=, F 72, TheraCal PT /%, ProRoot MTA (ZLbi: L C OC OBHE R PEARE 2R~ LT,

X —TU— K T 27X =2 7RIS, bioactive dental material, osteocalcin



Abstract

[Purpose] Up to date, various mineral trioxide aggregate (MTA)-based dental pulp-capping

materials have been developed. The purpose of the present study was to compare the ability of

dentin bridge formation and osteocalcin (OC) induction using four different MTA cements.

[Methods] ProRoot MTA, TheraCal PT, NEX MTA cement, and Endocem MTA premixed

were applied to the exposed dental pulp on the first maxillary molar of Wister rats. The dentin

bridge formation was examined by hematoxylin-eosin staining. The OC induction of TheraCal

PT was examined by immunohistochemistry. In addition, ProRoot MTA and TheraCal PT

were applied to the osteoblast-like cell line, MC3T3-E1, and OC induction was also examined

by the immunocytochemical method.

[Results] There was no difference in the formation of dentin bridges among the various MTA

cements. In TheraCal PT, a positive anti-OC antibody reaction was observed in the stromal

area around the formed dentin bridge. In addition, OC production in MC3T3-E1 cells was

most markedly increased by TheraCal PT.

[Conclusion] All four MTA cements had the same ability to induce dentin bridge formation.

In addition, TheraCal PT showed remarkable OC production compared to ProRoot MTA.

Key words: dual-cured pulp capping materials, bioactive dental material, osteocalcin
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REEOHAKNZHEL, ZHUT L > THEBORSFZ Bfa S 16RIEIL, EFOH

$

FHAFHAREROEERETH Y, ZOHMEERT D720k~ e MBI BIR S h
T35 Y, 7273 CT% mineral trioxide aggregate (MTA) 1%, \ D% bioactive dental
material (BDM) OENZRMECTH Y 2, BAEZND & AV EBEEREENEACET
b, EHRERIEIC L > TERRMEE STV 5B Y, MTA ORI A v
TULATHY, TR EMT S5 Lo T~ MY v 7 AR S, KH
TR L TR NS T B E T A BTN T DKFIBTER E N D, Z DK
SIS DTN T L, TAE, THWI=TAHDHWILIE AT AL F DR
BT 52 L THRIEERET D L ERTWD *, HEAEICEWTIE 2007 4205
ProRoot MTA (Dentsply Tulsa, Tulsa, OK, USA) Al S vz, —7F, MTA [ZaE{biZ e
R WK 2 22 L, 2 O 7 OMAL W B B TIT AR R B MG D 2 & 23
BRE SN TERY, ZomREmRRTR<, ZRETIZE < O MTA Bi# o BDM 23
A SN TE TV,

TheraCal LC (Bisco, Schamburg, IL, USA) %, ##IERT L X — b ZEE T H & &S
% hydroxyethyl methacrylate (HEMA) 9% & %72\  BDM Th 5, DKL LT
HRFIC L > THEEL, BMWEMAEZELZ N TE 5, £, ®HEHFICLINUEZZDO

B, BFMEICRE LT WEAMYEE ) ~—Z2 G A THELO0, KIZEEMET



b5 L EOREEA LTS, —J7, TheraCal LC DEAFEEIZ 1.7 mm Th v 1,
FEFEREMETD Imm LT CRET 5 L 2 fRShTns,

HEAGRBENA T 2EARME S VD R a5 BT S - EaAl
TheraCal PT (Bisco, Schamburg, IL, USA) Th 5, ZOMRMNIE, HESICNA TELFE
AKX VEEKIET D, Wb T a7 VX7 28ALTEY, RN L W
REBIE, EFEAICK VT 5 2 LA MIfFT& %, £/, TheraCal LC THWHH
TWBBAMEE ) ~—2EGATHZ LT, C5&ITL0E LRI A 2Bk 5
Z L EAREL LIZEAITH D,

NEXMTA A (V—y—, HR) X, MTA DERSTHDHHRNLET v R X
VNS, ZKAEDES SN BRAITH D, BB OB RILDO - OB TR T,
KRS - IR OEI G Z 2 b —v L, MR JOSOeEE kb Lz s S
MECH B,

T > K 2 MTA premixed (Maruchi, Korea) 1%, KiatEs U B &2fAT 252 LT, #&
FALMEES D720, REEEDERFTITA DM AL A L, kg b7 Mk
MEHESND Z LIC RV BRWIERHEZ RIET 2 L Shand 2,

LLED X DIz, flix OFEMEL R E L TR NED 51T\ D MTA REEFCH
D08, ENENOEMBIERRE D i L5 134 b, RIFFETIE, 7 v Mg

BEAIC L CHFBDM 2 HWTCEM LT-ROT T 4 7 U v PO ZERIZON



THETT 5L L 11T, ProRoot MTA 3 X TheraCal PT (22Tl in vitro IZBIT 5

osteocalcin (OC) FEAEFFEREIZ OV T HRRETZ2 A 7o,



MEtE L U5k
LR
FEERIZIL, Wistar REEMZ > & (6-7 W) W, 7> ME, 12 KEROKE
A 7 NVOBRET, HiEE 23°C) THHRICEME L OKSEIRATE 2RETHE L
2o AWFFEIX, BAKRFEMEREES DA (AP1I9DEN033-2) 252, HEXR

DA KT A v ITHERLL T o 12,

BEEA
ARFEBRIITEEBERA L LT, ProRoot MTA, TheraCal PT, NEX MTA & A > |,

BIORx» Rt L MTA premixed & V7= (1) .

7 v b ERE—EWII 3 2 BHEAIR

5%A Y T NT RN KD RRERE A, ZHRGHERE (EBEAT FIY Y 015
mgkg+ 2 %V T L2 mgkg+HEARET ML T 7 —L 2.5 mekg) & HEENTESR L4
SRR i L7o, MEEORI 2R Lo, BHASHREZ AW TP S, mfl B3 —
Fthz 73— & A58 L, M8 20EEL 72 (X la), SE0/NERTEO =T A VE &K
L7eZAvELS RRA K (MI-FOOP, RAJE, HHS) CTHIBR L7, JHE - #1/2
7 v KoX— (ISO#006, AR, H#R) %MV, B 0.7 mm OFEREHE % A9 5 i

L 72 (X 1b), [RIERDIH| & B EIT R KT CTRBE L 72l 23T > 7o, i
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BB AK TR L, b2 TR Lotk BRI A B A A LG E R S
HRIZHE > CTREFT L7z, TheraCal PT (ZERWTIE, AIHERIBHES (774 F 5, o5
YHEIV, KIR) &2 AWT 10 BPREDERRS L, sk &7 (¥ 1c), EHEAIZMEL LT
5T LR VTR L%, @i EE RS TA—/3—R 2 K (C&B &
v N, URT 4 I, W) AROCTERBAMECI > THEL, ALk owEs

BELT % 7230 R B T 2 L L7

RELRR P HOBL 22

AT NT NI KD RIEE A%, R PRERSE & IEIE N T4 U 4 By TR % it
1T U7z, WO ZRIh 2 MesB U721, 0.9% BRI /K (500 ml) % W CTROLAYIZI
Il UZ2385E S H-7-, D%, phosphate buffered saline (PBS) (Z¥&fi# L7~ 4% paraform
aldehide (pH 7.4) Z W CHEEIREE 1T 7=, EE%, 7 v b EHEBEZHHL, 4%
paraform aldehide (ZRE L, 24 FFEEE Uiz, fHfkH %2 PBS Tl L7, dudHBK
K (K-CX, 7 7/b~, HR) 2KV =R T 48 R 21T o 7=, DK, &L, /3
T 4@ LTz, 27 e b—2A (LS-113, KFEHE T3, H5E) 2 H\T4 pm @
WO R Z BRI, ~~ %LU v - =4V (HE) fetazir-o72,

TheraCal PT &R IR ORIV TiE, Y1 % =R T 0.3%@iE LK EM
AL —HIZIRIE L 20 SBOS S8, NRME~S VAT 2 —BiEEZ NE LS

7o 71 X271, 1% bovine serum albumin (BSA) -PBS H1C 1 Bl st S ¥72, %
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D%, 1% BSA-PBS T 100 {1277 L7251 OC Hiik % fEH S TR T 24 FEF S &

Wi, XAT 47 a2y hr—/LiZiddt OC ik % & £ 721 1% BSA-PBS & W\ 7o, Ik
UV, horse radish peroxidase (HRP) 4= IgG Hii& (500 £2I27K) 2= T 1 B
i S 7=, PBS & W T4 1%, diaminobenzidine (DAB) 3 &8, ~~ hF U v
IZ X DR E AL, BB 21T o o, BT A— LA U SR (BZ-X810,

F—x R, Kf) ZHWNTIT- 7=,

MIfERE 2R I K OB HEARIHIE

ProRoot MTA 35 & O TheraCal PT I3\ C, AEMIEMEIZ OV THRF 21T o7, U
A FAZE R IR B IR MC3T3-E1 (B L A58 S A AV vV — A9tk o # —,
KY¥R) 1%, o-minimum essential medium (a-MEM ; & =7 ¢ /L AT, KPK) 12 10%
UM O 1% 2= U - 2 R L7 kA > (Sigma-Aldrich, MO, USA)
ZIRMLUTZH D (10% FCS o-MEM) (2 &V 37°C, 5% CO, fE/E F T3 L 7=,
MC3T3-El #ifidlX 6 ;X7 L— K (AGC 77 / 7' Z A, #lil) 12 3x10° cells/well & 725
KO L, 18 RFfIZICEE 3k %, 10 nM B-glycerophosphate (& 1= 7 1 /L A FIYEHIER)
FBE VY50 pg/mL L-ascorbic acid (& 17 « /L AFGHIER) 2 UM U 72/ B A5 S AT
(ZAZHA L 7=, ProRoot MTA Z##fn1%, WEE3 mm, E& 1 mm OFJEORICHIEL,
SE T 24 FEfGE L Cfbs w72 b 0%, FL— bk ESOA oY —F (KT VA X3

um, 7 7R 7, KIR) ICRE L, MRic 72 FEfEEA &8 7=, $£72, TheraCal PT I3,
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ProRoot MTA [FIERIZT 4 A 7 MR ZAFR L, BEikIC 24 REERE L7c 1%, [RIARISHE
FRlZ 72 BERIER S W72, £ D%, Mz PBS TPEF L, 4% paraform aldehide C[EH &

L7=%, HLOC FURIZ L 0 stk et 247> 7=,



HTRBREA] O L

7 v MBI AZRNCAER U 72 @288 4 FOBMAI 2 A6 L, BT 1, 2B &
C4BHIZEREOAIRKILIB LOT T 4 7V v P OFRECIRIAZ DWW CRERR A 8]
LT, TOMRK, BT 1RSI N TOEMA TAATEALIC — B L7t
BEOAKACD DN RO (X 2ab, EBY), QBT 2 %D B 1A R NI #iHE
FROMEED BT 5 & & I, AR OENHEIN LT (X 2ab, FEE), AifF 4 @ #
(X RENTR L2 L 918, MEMERHRICRO NS T T4 71 v VO
FRAHERR T D 2 L NHIRTS (X 2ab, T EY), #MMSERIICIZ I 6 OZA RIE 4 M OE
BEAI CRREICBIZE Sh, MR THEREWVWZIRON R -7, £z, $XTOHE
BEFNZ I T, BEAT 2 858 F C U pk BERZE PN L S RE PR e R S0 Bl 6 2 1. S S e S L

72h3, BT 4 R IIIRIEROSITITITIH R LTz,

SRR OBl

HEAT 4 RRIR IS O RT T 40 7 0w VOB R O TIc 7o), B ORS
HRARHA G D BRI DU TR ARG Lo, ARFEBRIC VN 4 T O B REH
WZBWTT T4 TV y VORBRICRERENRO NN 0D,
TheraCal PT {ZEFH L THET L2 L 2 A, RSN T T 4 o7 U v PO REBFEICH

OC HURITHKI T DGO A BTz (K 3), LarL, MRS OC JuikG s %
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AR S IR S iR Te, — 07, BRERI DM 24T D7 o T BRI 1

Pt OC PURBGME SO THERR S 7R o T2,

MC3T3-E1 Mgz x4 % 1EA
ProRoot MTA & TheraCal PT OAEMIHTEIZ DUV CREE ML 2 F W CHB 217 - 72,

MC3T3-E1 MR Z LN OBREH 2 /FH S8, ARG EAIZ XY OC OFBLA 1
BTz, ZORE, K4 IR LI XD ITH® 72 Kk, * 7473 br—
& L LU C TheraCal PT {EFRECILBAREIC OC OFEN LA L TWD Z LR S
o ZORRNE, F& U THIRSMNERICRS b, MIENICIE 5 TS
DDHDOHRTH-T= (X4, TIX), —F, ProRoot MTA TlE, TheraCal PT & bz L C
OC DPEAITMIF T, MK OIS EE 31T 2 MEROGIZIZ & A LB S

molo (X4, i),
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AWFFETIL, T v b BB —HEOKREIIC NS HEMm 2R L, 2ok
TAFEEOBDM 2 EH &, 77 4 7 U v VIR O ERIZ OV TR LT,
ZORER, MEFITWThoOMES, ZIERBEOCT V7 4 7 U v VA
AT 5 LT, BRPHINCREME 2L IR T 7 0 7 U v U3, M 4 38
BT END Z &N B E 72 572, TheraCal PT (281 5 HT OC HURIZ kT 2 )%
MR T UL, BPEROR IR X T 2 b D TH D L B2 bivl (K3), £z,
AR MIIZ 3N T 6 TheraCal PT ITMIIRAMNEEIZ OC ZE T 2R 1 & DH 2 L3R
SN HMTAIZ L DEHEBEICL D, T T 4 7V v VORI OWTITER A
I BYRE CRRET S C & 2 Y, 2 RS R, B E A O T AR 72 B T, BDM
BEATT% 1 AR TR ERE N S, 3~4 BE TRIFME 208 5 BT RS
nNoEEnNTEHY 0 KFEOMERE KL,

ProRoot MTA [FREALRFH] N & <, WAL AIHI Bl CERE BN R O NN E V)
KGR SN TWD 2D, £z, BEFEO pH 28 12 FRETH Y, Z OMEISHEO
BRI AEIT 5 L Shd 2, —F, MTA (32 OB{LIHICRE WL TIE, Mo+ 5
REEEETDH MBS TS P, 2 ZTRIFEIZET 5 in vitro FEHTIL,
ProRoot MTA % fi#i{l S H7-1%Z, F7= TheraCal PT 1T YGHRSH%, (LR Z AIIRES 2K
(ZIRHE L 72 #41C MC3T3-El Ml /E S ¥ 72, ZoREE, mERiAl L b, HHEMmc

X% 2 H MR TR <, 5528 24 RFIAT A% O A A A7 3R 13 90% LA BTz Tz,
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7 v MEBEHIIE & V72 BT, ProRoot MTA (34 E M2 /8 72T T <,
B & L9 5 bone morphogenetic protein-2 <° dentin sialoprotein D pEA= % #5545
LENY, EEREESRLEHFETELEEZLNTVDS, AFEICBNTYH, w7
B EE R B # AL MC3T3-E1 MifRiC381F 5 OC FEAFEIZ W TR Z1To 72,
WAL PEAEFBEOFRIE L LT OC Z V223, OC IXEIHMIIC X v AW IS
56 kDa DF L X7ETHY @, KiahAKIEEREEZAT 5 Y, RO~

—/45F & LTI Lhx6 OFFERFI S TWS A Y, OC 1 Z5 LI T 6 9L 3g
BRI TND L ALY, SFEREEAZET L2 b0 LB BN, &
Z T, ARHFZETIE OC IZ DWW TR AT BET L7, & OfES%, TheraCal PT |2 X

% 24 WfiIEs & 1% OIS IO THRWSIEDBIEE S 1, VTSI R 0 55
AN AER, MR ERENIC OC NERE LIZ7-H & & 2 b7z, TheraCal PT ffif) 4
W % ORI 2 ek ClE, MRS EEIZ BV ThL OC BRIz LT
PEROSDMBIEE SN T2 2 L1, invitro FBROFER L b —HTH DO Th o7z,

AAFFETIL, ProRoot MTA 21k LT, TheraCal PT T X Y 58\ OC #5ERE D RS
Nilce TaThF 278> TiHE{ET 5 TheraCal PT 1%, ZOfpks LTIV E
Jw—EEA LTSI E0D, FHIIIC Ca¥' e & DA 2 ORJEIED ProRoot MTA
&bl U TR <, ProRoot MTA TIE S LA AV RBERRE VLD EB X BILD, A
WFPED TR Tld, ProRoot MTA Z ARMEALDIRAET, F 7= TheraCal PT |3 EHRHE

%12 MC3T3-E1 MR SE 7228, B2 24 BRI ICITIET N TOMIBE A FER L
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7o =T, AWETIINEES I -%ICHIZ/ER & 72 Z & 23 TheraCal PT 725
DY 72 Ca®" A F 270 EDOBRIIT OB > -/ REMENE 2 b, S HI245% OC &

BT DOFBITEEER T Runx2 I X 0 S ST 5728 %Y, TheraCal PT (2L % OC

PEEIETRNER G L~ TR STV D DN OWTHRFIARE & Z 2 bl

14



I

o i
PLEDZ Ee, KFgE THWEEBHAITW TN BIRIERBREDOT T 47U >
CIRBEE AT HZ ENbhoT-, £7 in vivo FEEEF L O MC3T3-El1 fiinZ A=

ZEER 7/~ 5 TheraCal PT I% ProRoot MTA & Ll L C OC FEEANEEE TH Y OC IFHfust

HEICER T RN E ST,
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# 1 EBRICHW-BRER & ZF O

1 =
JDD

(i) KRR
/AN = N — TR S s - . s =
ProRoot MTA Wby A, CRIES AR, BILE AR, BIET A=A
(Dentsply Tulsa)
WK R ELK
R—=Z WV T REAL N, RUZFLZYa—AIRAE 7Y F—Fh
TheraCalPT Bis-GMA, A ha o F T AN TR, By A%
(BISCO) Xy H VAL ARRYFULYT A, Bs-GMA, MU xFL 7Y a—Ly
AETVT— N, CAITLEAY T A
B mien vy s, B CRLTAH, BT AT =04
NEX MTA£ Ak BBy A, B{be A~ R, BT AR, BIET V=D
=)

W R R

x> F& 2 MTA premixed
(Maruchi)

BRAb Vo N, TEET AR, RV =T A, ZiR{EE R~ A, HRS

Fl, AT A

%Bis-GMA : 2,2-E' 2 [4-(E FRXI3-AF 7 UnAf VFF T 7aRFxy) 7x=)L] T r/Nr

1 7 v b B — ISR 2 B AL

a. T 3—HF APGIRIC

£ DT Ok

b. THEA (ELHY 0.7mm) %A 5 EiAERK
c. BEBEm ~DEREA| (TheraCal PT) DHLfT
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2a HBEREAIZNEAT L72T > b RS —FI# O HE 42 fafg

BREBRAAGT 1, 2B X4 BEMRICT v NEEREEL, F-HWxzai L3EE
AR Uiz, BUKTR, T 7 4 COIRZERL, HEREIZRV T T4 0T ) oY
DIHAIRBUZ DWW THIZE LT, (n=7) A~ —/L : 100 um
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2b BEREAIZAT L2 T b EFEE—H O HE Yeffs

KABHANAT 1,2 BLXO4BEBRICT v bEERBEEL, F—HE2 &0 L3S 2
U7z, BiKtR, X774 U Z2ERIL, HEREIZED T T 407U v PO
BCRPUZ DWW THEIZE LT, (n=7) A%~ —/L : 100 um
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3 HT OC Hifk% AV 7= TheraCal PT HEfF 4 3 DStk G

TheraCal PT {4 D /3T 7 ¢ )72 W T, B OC HLifIc & 2 g ik a2 17
272, (F T 2R S M7z dentin bridge & PHIZHT OC HUARIZX T D BMERIS (RAD))
BE x40 BEMEES, TEB : X100 BEMEEE A4 —/L 1100 pm
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4 FEBEFIRIL TS T 72 BEREIRE R MC3T3-E1 ~OHL OC Hifk & Fu 7= S e ta
MC3T3-El #Z#HIOIEFET (X EB) , ProRoot MTA F1E T (XIHEY) , £721%
TheraCal PT f77E F (B FEB) T 72 RefiIE5#1%, L OC HURIZ K 0 Sk o 217

o7, A —Jb 20 pm
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