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Mineral trioxide aggregate (MTA) 2V Y fb 7 V7 & RN LI 3EIRE eI > —

F—lE, @7 UMEAHER L CaztDiEITEN, ®mWEEHEZ A T2 2 EhmEINT

W5, BEFZEOBAIE, BYE—T =2 W TIRERE L% D, BEIL~D& A MNEEE

EAREAR D TR & AR IR 8 DI MAE T 2 R AP RIC Rl 2 Z & Th 2.

(B8t & J7ik]

FTRME—F— (TS), AH 77 % (AH), MTA 7 1 7~y 27 2 (MF), XU NEX

MTA £ 2>k (NM) 760 CaztiEitism4a 12 MEHE L7z, RIZE—7 VRO P1~P4 %

EL, TS, AH, MF & v #Z X—F ¥ iR"A > b EHOTREFTEZITV 2, 6 BEZICIR

RILDOE A v NEREEAGRIC LD EHHR A HEAICERI L. 51, BE—=J RO Pl

~P4 2B, RENICT T — 7 BB AZE AL TIRRIEE R R Z35F Lz, 4 %, TS,

AH, MF &7y Z—=F ¥ RA » eV TREFE L, 2, 6 BZITRISHE RIAmFE A

FAREFACERAIT 5 & & bIT, BRALDOE A NERRERGRIC K 2 BHEIRRE 2 514 L 7-.

(G SR =

TS @ CaziEiiE 12 M E TR L. wHi&EIZI NM, TS, MF OJET%<, TS |LMF ®

1.25f%, NM @ 0.83 {ETH o727, AH Bl S nZemno7=. £7-, W% ICIRE T

HZAT o T2 iARTIE, 2, 6 1% & bAHARIC X DARFLESRIT AH, MF ([ZHE~TTS 2



ARICEWETH 7o, —J7, IRRMEWERFEFE L TIRE RIH AT > 72k Ti, 6 1%,

TS O xXiEEFEIT AH, MF X0 AEI/NS <, MHLARIC & DARKFLESERIT TS 23l

2 FEICHI L THEICE WVEEZ R LT, 2O OFEENDS, TS I EEO IR Zh F

SELEEbNI.

VUt 7 VT o EaH MTA > —F—1%, AH 79 2 & MTA 7 ¢ 73y 7 2| ZHilg LT

AR & D ARRALE PRI L, ARIRMER A R OIBIREN R AT D Z LR EShiz,

F—TU— R : U7 /V7 2, Mineral trioxide aggregate, IREFHEHT —F—, A

v NE
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Mineral trioxide aggregate (MTA) |¥, (EN/-#EALFERAEZ AL " Y,
it b pH12 FREE SR T L4 UM FRGE L C ¥ B2 95 2 & " v Sh
TWb. ZHHOEMEND, MTA IZZAIMOES Y, BEREERM Y B L OWiRE i
O ZICHVbh, & ICHIRE R IR IEH OGS A E E, S5
MTA RIZ b A v NEREEARSERR S S, BAF 2 BRRBGREA HA S 41T
57 I, EEOREFRBICHWCHERRERES M BT 2 2 L b HifF s T
B W UL MTA IZTRENE SR -0 THRE A~ OBEEE G 7o < BN T2
D W TIHRT AN EANTCYA /B AT FCRET D 2 &P
T, HA LAV RE S EEE E X TLE I ONRBRTH D .

—HV UL TNT L, TAa—ANSRHEEHO B ThHH I NT
ORRIEER O-0H 5% U VL L7 b DT, A R v 787 4 R gL ",
BRI BERL TN D 2 LR HE Y SnTnb. SHIZY VBT VT v
FKTHRT 2 & REZ I TAEE A L, R ORI > T3 572
O, WEFEM T —T —ITROONDWMEEB D 72D DM GG ARE L A
PND.

Thebb, VBT VT % NMA IZIREGT 52 LT, MAMREREECHUE

PEICHE R, Bt L OERESYED & <, BB S BODIRE FEEM 270 5 AT6E



Wndn., KEBIX, UVUBb7 VT & MIA I L 72 By — 7 — 2 v
TAFZRC, MTA & RRRICE T V0 UM ZHERF L Ca OFEHICBRL TV 2L 17,
BHEMEIZ MTA ICHERTREL A ELTWH Z EZ2HE Y LTS, EHig, 1B
EREDA I Y —E, BIOMEEEIIIRAFT 2 IR T b U 7 450 EDTA (33
PICHE LG 27202 &, 0T & TAREREIK D3 AF L T b EEHME
PETL22NWZ EARENTHD 9. —F, RIEv—7—%7 v MY A
TRNICHIAE U 72 S2BR C U, RIEMERIIR O HBUIMh o v — T —z ki LT e <,
MTA E[RIREEDAERBFIMEZAE L TVDZ EHHEL 0D . L LERIC
RIEY— T — 2 AW TIRE R L7255 ORI DN TUIHF R 220,

Z ZCARBIEO B, RIEV— T — 2 O TIREFTRIE L2 0, BRI~
TR NEARBEARRR O TE RIS K OMR M 8 8 R ORI KA 350 R A i BEAL

FHNCFHET 2 Z L TH D,

MEEE ik
EBR1 Ca’imitiE
By =7 — (U= —, B, BUFTS) LARRKZEEL 3:1 THAL T

W10 mm, B2 mdDT7T 7 YY) v 7243, 37 °C, 95 %R T C 24



KRR L S, 37 CORiA A2 /K 10 ml (TiR1E L CRIERE 28 CHliE S,
Ca® DR H B & RN EoHriE®E (iCAP 7200 ICP, ¥—F 7 4 vy —H A =
YT 4 T 4y RS, WA ARV C I BRE L. £, ABEL
TAM 792 (FryrFI4vmtF, HiE, UUF AH), MA 7492y 7 R
(Angelus Dental Solutions, Londrina, Brazil, LA F MF) 3 X OYNEX MTA &
AV b (RS Y—v—, B, TN IZ2oWCHREROBEEIT- 72 (%
BEn=b). £ —T—LBRAL MNIA—D—DRITHE - THAD LI IR % (ER

L.

FEER 2 PRl - AR FRIEE ORI AL~ OB Ak

1. $hid - AREFESGIE

FERIZIZ 10 » Ao e — 7 VR 4 P ENAEARTFN 56 A2 W, 7
MVT 7 ) =L (R T7 77—/, Meiji Seika 7 7 b~#ERtt, #A)) 0.1
mg/kg LHEEA T RI Yy (R b=, AL TEMKRSH, EE) 0.1 mg/
kel kX B8EF L, = x7 VU (1/80,000) &4 2% Rh A v (HFHx
vanA A= ) vVt FUYTIArad, B KD RATRE A OF
L CHREZAT o 7o, IR 7 N — & D &ATV, BIEIC LIe S WEEREBRYE L, K 7

TAN (==, ) ARERNITHALTT Hvxy 7 ARG IR 21T



, MRIA~DOZREHEGET DL L BIMEERZIRE LT, #25 7213 H40 %

T T4 RANAZITW, (FEEE THA0 £7-13H#55 £ TILR L. BEESIT

TEE (A F=F w7 10WA, ST42B, £ HEM TEERXSH, ) 20

THAK T TITVY, 51217 %EDTA (17 %EDTA V¥ v K, X b oy R0 8k

AR, BT T 60 B, 10 %RAHHMES N v A Rty Y —F— [

T, AABEK, B T 60 ARE VLA L7k, TEST KT 60 Bk L TR —

IN=TRA b (M AR—=—=KRA b, BRESHEE Y ¥, KBR) TrEELT-.

1M 2 #ead s, -7 HIC TS (TS EE), AH (AHEE), MF (MFEE) & v & 3—

FX¥HRA L b (P——, HR) AW TG INEFRIEE CIREREZ T 72,

K =T =LA MIA =T —DRICHE - THAN L7, ARE SRR, &ili4

T7YVXIGP (U—v—, BHR) TREL, T ¥y 7 AREEIK {7-TC
B SR 2 R LT, R ol T TR TEOEAR Z/ERL L, RAH
SRR D IS TEARBE & AR R FL~ D EHA AL T R RE 2 2140 L 7-.

2. JRELHR A RIBIER Tk

2, 6 BT ML 77— 0.1 mg/ked R h—/1 0.1 mg/kegZ N T- 1RV EE

BTET, XU ER =L (VAT L, TR, ) 200

mg/ke Z JEMEN I G- L ZHFE S T, BIEICIE-> T 10 %F¥ M7 =T MU UL



THKTR, T 7 4 A T, EEEATIZE S 5~6 pm OEkEY A & fE

KL, ~~v ¥y oAU ERG (HERE) 21T-o7.

3. MR FLOFEA R B B O R

A PR B OREAZ VT, Image J (National Institutes of Health, ML,
USA) THRARILRIRAIERZME Lz, 774 RARRE Tk KEDOK 7 7
ANVDOERICKT D, K 77 AVER) — (IREEFAEBREE) OFEGE2HEN
L, ZHEBEAEHEELE L (M1).

AT 1T FHLER Y 7 b (SPSS Statistics version 22.0, HAS IBM, HA)
Z AV T Kruskal-Wallis test 38X ONDunnett’ s test Z4T-o72. AEAUEX

WTIE 5 % L7z

SEER 3 RIS ERIZEB T DI DOUE L ARIRFLA~ DRI K
1. MRERMESFEROFHEFE

FBRIZIE 10 » Al D e — 7 /LK 5 ILORFTFE 60 Az vz, EER 1 &[F
BRICIR R AL~ D 2l & fend i, RETBEMREE L, 247V —F— X%
T, S DITTER K TR L TR— =R A TR L. ZDOBRREN

WCHREIRE L TBWE S — 7Bk 0.1 ml 2 F L, &iE 7Y XI GP TR



HL7.

4%, T HNT Y I ARG AT o TIRREVE RIBIRIE 2 el U7z, (i
MalrEL, FB1 LFERICT N—F LR T CTIREICR, Bk, REWEH 21T
WV, T2TEBITTS, AP, MF OWF e Ty Z8—F ¥ WA~z TR

EFHEECIRE R 2 ITo7-. BiMZ 7Y XTI GP THHEL, T &Ly r R

[V

BRI fiRsE 21T - CTIRE FEHR B 2 fERE L 7.

kIR 2, 3 FALiRERFEM FERE RS (14-016) OAREZHGTIT- 7.

2. TUEANT YT ZHERIZ X DB KR A O

g % 77— 7 BRI CI5 %% 4 BB L O, REFRER 2, 6 HIZBITHT
ZTy 7 ARRE A VT, IREEHE KEREA Inage ] THIE L7z,

HEH AT, R FEHRE ARE I 2, 6 %% & OB IE Willcoxon signed

/i

rank test, 3 BEE]DHEZIZIE Kruskal-Wallis test 38 (N Dunnett’ s test %

Tol-. AEAEZINTNE 5 b& Lz

3. ELHRR T RIBIZR 3 KL OEHI
RAEFEHE 2, 6 AERICHERR 1 L RRICERY A ZERL, ~~ XUy - =

FULERE B R) 2170, RAMEEMMRORERE, RELICBY



D IARFR I IR B A BIE2 U7, BEARARIC K DRSS ALEMHEITFERR 2 L [FERIZET

HL7z. F£7o, REREEXEEHEZ Inage J THHI L.

WEEH AT, EBR 1 & [ERRIS, W T Kruskal-Wallis test 38 X O8N Dunnett’ s

test 21TV, AEAKEINTNL 5 % L.

R

R 1 Ca TR

TS, MF, NM @ Ca*¥aHiiE 12 HEHE L TRV, 12 BHE O Ca® IR &I N,

TS, MF DIETZ%< (K 2), TS 2>BIXMF @ 1.25 £, NM D 0. 83 2D Ca* ™ ixH

LCW=. AH MBI Ca* W HHITH Sz oo 7.

SRR 2 PRl - AR FEEER ORI AL~ DOFEFAARIE AL

2%, 3REL BRREEMEMICRIEIZIZLAERLNT, BERELALNZR

Motz (1X3).

6 W%, TS FETITMMERIAIB~DE X > MEREMED Z =ITTER S, & X

v MERREAERR I A o MEICESEE L, RRAZTEICEEL TV LERE

oz (X 4). —J7, AHBESC MF BECI 2 8% & [RRRICAR R FLICIT RS A AR



NHHI, WHERIZAITIZE A EBIE S o T,

2 W% OIS X DR RALEREOHIE (W Ar&pH) 1%, TS BE2Y 17.5

(22.5) %, AHEEO (0) %, MEEEO (12.0) % T, TSEMNAEICEVMELX <L

7= (p<0.05). 6 BZIL TS B 23.5 (32.0) %, AHELO (0) %, MFEEO0 (0) % T,

TS BEERN A EICEVMEZ < L7 (p<0.05) (4 5).

EER 3 ARRMESERIZB T DINE DOUE L ARIRFLA~ ORI K

1. Ty Ty 7 ZAREHRIC X 58 KR EE O R

FRAEWN Z AR CIB YL S8 C 4 8%, 60 AR J 58 tARIZT o X /L 7 AR

BRI H RENBO b, BXREmMET 3 R THEZZI 21T

(p>0.05) (X6). Z2BEBRENALSNRoT- 2 WRIZER SR L=,

IRAE FEHE 2 W% OB KA, TS B CITARE SRR Il LT/ LT

HEIRNZ L, il (PU43AZ&aPH) 1% 0.65 (0.50) mm* Tdh-o7-. —J7, AH

BEIZ 1.23(0.80) mm®, MF AETC 1.33(0.92) mm’> TEREBEOH/MNIIZTE A ELBLI

P, TS BRI 2 BEICEE L CH SIS WE RS R L7 (p<0.05) . 4R

ol

TSI 6 W, TS FEIX0.03 (0.19) mm®, o> 2 FEI 2 H% & IFIXEEE T AH B

12 0.61(0.72) mm®, MF #£1% 1.04(0.65) mm*> TH VY, TS BEiIfho 2 BElZH#E L C

HEINSVMETH - 72 (p<0. 05).



2. JREALRR OB R K OVE KR IS & AR R EBHR

RE T 2 W%, TS FEOBKENITH KGR TR SN TN bORE

<, MEMBNIZIZDTNICY U RSERRUFFERB B S D RETh o 72 (K
7). —J7, AHBEE MF BECIEZ B O RAEMEMIE AN AHIH IR LTz,

RAE T 6 W, TS HECIXE KIBNORE AN RIEMIXIE L A L2
ST, B RBITHMEN L TEHAT O A b (K 8). Elo—HOHET
ITARIALEIC & A > NERREALRR DT3B b vtz —F, AHBEE MF #EITE
REOHENIHED HONT, B REWNITITRIEMEMRAZERE L TV D b
DN IN->Te.

AR AR FHR U 72 2 % 0B RIRHEFE L, TS BEAY 0.45 (0.28) mm’, AHFEAS
0.90 (0.43) mm®, MF F£730.95 (0.30) mm® T, TS BEIAEI/NSWETH-7-
(p<0.05) (X 9). 6 #%IE, TS BEAS 0.18 (0.37) mm?, AH BE 1.43 (0.44) mn’,
MF £ 1. 11 (0.62) mm® T TS FHIAEIZ/NSVWMETH - 72 (p<0. 05).

TEAHAR & DARSFLEMHERIT, 2 B TS REDY 5. 0 (27.5) %, AHEE2. 0 (7.5) %,
MF #£ 0(0) %T TS BEREVMEZ R LI A EZEIT R - 72 (p€0.05). 6 B
TSH#E37.5 (3.8) %, AHEEO0(0) %, MF F£0(0) %TTSHIIMO 2 FRIZEZ L T

BIZEWEEHR AR L7z (p<0.05) (] 10) .



EE

MTAZ Y AT VT B RN LTARE SR v — 7 — 2 5lfE L, IRE JeiEd
DIRRALA~DE A v NERRBEAARR O, 36 J ORISR & & TR R E 3
BIRE ST 5 B TR 21T > 72

WSS LTMA ZEH/ LRV L Y VRV —T—D M 77 AL, MIA &5
BIDHMA T 47y 7 AR, A, WF &R TASRAISNTEY A
FRESTHLZ L, ZLOERTHEAINTND Z ENBRIRLT-.

TS @ Ca* TRHNF 2 E TR T2 Z EMKBE DI L o THE " STV 528,
REFBUCH WSS, BRIL~OBEMEBERIIZE SICEMEZET 52 Lo
b, KERTIZZIHIZ 128 E TEHIZIT o 72, £ ORER 12 BEZIZFHNTH Ca™
OWHEAMF L0 b <, TSIEEMICh > THMBERAMEETE D LB 25

ni-.

TN

IR AL~ DREFARIZ AT,  ARE DGR AECHR 52 o JE AR D SRR IZ -

TRELSEELEZZTHEBEALND Z 0D, THbDEREZERS LIIRAET

IS5 2 LABETHD. T I CES, AN E R, B LRI

DEERFIZ IR 27 Il L 72, £ OFEER, KERTEIVWFhoy—7 =2 T



b, R EMRRICRIENIT L A EBIRE NN -T2 D, ¥ — T — O
IR B A B9~ 2 IS 1@ B 2 EBR AT 2 7o & B 2 iz,

AREBRCIIBIEMMAZ 2, 6 L Uiz, MTA (2 X DIRISFLES~DRHFLHR DIk

ZAHE L7 o B KRR G, BIEMIE 3~5 A 2 L ARFEBR LV L B O
FENRZ. Lo L, RRIALASOFAFEIZAIE 0. 5mm LT DO 73725 T 100% D
PSR O Z L h, RUITOBIE LT - 7256 11T B ARTIG M TR FLED
~OFEFRIZ N4 U D AR B 0, > — T — O R % et 51213 6 8
FEGI R ChH o7 B2 NS, Fo, TSHTIT2 @KLY 6 BHDOHTR
T A NMEREHAIC XD EEENR LT AN A LN Z En D, BlEEH
M2 & < UL TS BETITW R ALE ~ ORI &N L, TR S
HHRAEINT 5 Z & b S,

728, RRILASOEMMIARIEED R, RRAELFEBLIHRRED K 77
A NVOERITKT D, IRISIRAZER O Fe/ MBFROEFNIG TR L7z, ZHUdHirE ' 2

BEMFOE A MEOERDPARERIERDH ST Th 5.

IR~ ORI 1T, ARE FREM O @ W E RS AR K0 %
JEOFRAEDIEIND Z EIZNZ, Ca I DRt T 2 ENEELINTE
D, TS EERHEICEWVIRRILEHEEZ R LoD, Ca AR L7- 2 &

WHENTh-TEEZDBND. MF b Ca* I N b D12 000 b AR AL



PIEEANEHRLNIR)ST=DIE, MTA B &H TS D 60~80%Zx%F LT MF 1% 13%
ThV, CIHENIAR T ThoToZ EFEKEBbhs.

WAZ, KB 3 TITARRMERE K OIGEIC KA TR & et Lo, AR E
RITHFERAF LT 7 7 — 7 BB 2 AR I TEA LTI Lz, TORER, 4 1%
DTy 7 AFREE TIE E A EOWIRORRIBITE KENRBO B, B KREmEE
X 3 BB CHBEN o2 &b, BMRRIEDOERMETY — 7 —DREA AT
flicEEB R b,

—FRITARMERR A R 2 £ U T D356, REILRIER & ARE Ve 4+ 12T
2L, BIRFRAE L CHRE AT > TR AIRERIEZIT-> T, 1BFAE
IR E T oA 2 N D, Lo, REBRTIEAH B MF BECIX 2, 637
& B IRRERE KEAITITIRORIEMERIIZ MR A LTl Y, FRE LT
JERT DHIRB LA DT, THUEA X OWEIR TITRE PR REH TEEITy

INVDARR PG N2\ N T2 D, ARE IR RCCARE VR 721 TR BRI T2 &
PWREECTH 7= 2 ENFRRTIE ARV EBbhviz. —J7, TS BRI Rk
DIIEMEMIRE IO 2 FEL Y D, FTraxy 7 ZHig TR L7z
MRACERE RAE AL & ORI P EHI L 7o B R FE2S, 2, 6 WL bho
2HLVARITNES otz BT NS VEORRRITPIEREI N/ REIN TR 2,

S IEMTA RPKFRAL A Lo D b EIRIBRIC pH 12 FEEE D i 7 v 0 U AR 92 1



ZEnh, TSEETIEIRIEDOUE LHREDH/NPIFONIZEEL LN,

F 72, FEBR 3 TIIBRRALOEMIC X A2 EERITFER 2 L 00H8 550D

[FRR D 23 L B AL, ARMEBERIZIBN TS TS ITMEAHARIZ L 5 @m W EEME A

AL, TRHDZ &0, BERKHIFERIE R-OARE T 23 N 8 CHRAE FEE 2 A -

G720 R T WEE RS LT ARE SRR, RV iR, AECCRIRE 8 & 5

RE, BIDHDLMEREICKH LT, TS THWL Z &ICL > THIEMEIC L D%

KEDUE & AR R I~ DO AT K 2 B MR M B L, HEMARL R E & D

R DA L3 IR TE 5 L b,

o i

VU7 VT o EH/ MA v —F—1%, AH 7T AL MTA 7 4 T Xy 7 ATk

e U TR & DRQFLET VIS, RRMEW AR OIEIEE Rz A4

L2 EDNIREINT.

B

ARERZDICHIZY, #&06 THRE, THETHES £ LcAtmE R 2R bl

WFIERE N G BB o A o] - o PIIRTE SRR e L OVERM B TR B E D=

BOEREB LY VBT VT UEAR NTA BREFEH Y — 7 —EfRlc /18



WA SH Y — v =L K D W L E T,

ARBFFEDO—HRIL, FREFTPERE VAR 26 FFEE TR TR bR 3e ) (2L V1T
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Novel phosphorylated pullulan-MTA root canal sealer has been reported to
maintain high pH and constant release of Ca2* and has a high root canal
sealing ability. The purpose of this study was to evaluate histologically the
effect of cementum-like tissue formation at the apical foramen and healing of
apical periodontitis after root canal filling using phosphorylated pullulan-
MTA sealer.

Ca?* release from phosphorylated pullulan-MTA sealer (trial sealer, TS), AH



plus (AH), MTA Fillapex (MF) and NEX MTA (NM) were measured by IPC for
12 weeks. Beagle dogs underwent pulpectomy and root canal filling of
premolars using TS, AH, MF or gutta-percha point. Histological
measurements of the sealing rate by the cementum-like tissue at the apical
foramen were performed at 2 and 6 weeks after root canal filling.
Furthermore, beagle dogs received pulpectomy of premolars and dental
plaque suspension was Injected into the root canal to induce apical
periodontitis. Four weeks later, root canals were filled with TS, AH, MF or
gutta-percha point. Histological measurements of bone defect areas and
sealing rate by the cementum-like tissue at the apical foramen were
performed at 2 and 6 weeks after root canal filling.

TS maintained a constant release of Ca?* for 12 weeks. The amount of
released Ca2* was highest in NM, followed by TS and MF, and Ca2* was not
detected from AH. Additionally, the amount of released Ca2* from TS was 1.25
times that of MF and 0.83 times that of NM. The sealing rate by the hard
tissue at the apical foramen in TS was significantly higher than that in AH
and MF at 2 and 6 weeks. In contrast, in apical periodontitis, the apical bone

defect area in TS was significantly smaller and the sealing rate at the apical



foramen in TS was significantly higher than that in AH and MF at 6 weeks.

These results seemed to show an improved success rate of endodontic therapy

with TS.

In conclusion, phosphorylated pullulan-containing MTA sealer was superior

to AH plus and MTA Fillapex in terms of apical sealing by hard tissues and

healing promotion in apical periodontitis.

Key ward:,Phosphorylated pullulan, Mineral trioxide aggregate ,Root canal

sealer,Cementum



