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HEY : NiTi 7 7 A /Ui, 8HE & 5 BEBEVRREIC L 0, RETEARICE T 26%)
PERRE SN TNDN, RENTORIIRMEE SN TnD. LavL, BREICETS
WE IR, RENTHEYT L2 NITL 7 7 A VOBREFEPHELENTWD LITE
WEED, ZHET, EEROIGHTNITL 7 7 A VT 2B R S THREZ RS ICT
LHIEERIT A ZEHEME L, EOHIZEY NITL 7 7 A VT 2R &
5 HMERI 21T > CTE 72, AR TIE, 2 FEOIEKRIZE D NiTL 7 7 A VT
ROBEAN=ZALIOWTHHTL, 622 FREMSHORENEA BN LT, 3K
WRIRFEEDOZAL, RIEHE, BLO 2 FHEOIKOFEANEHAPERIEMIZE D L D 7ok
B2 RAE T M HOWN TG L=,

ML 515 - NiTi = —% U —7 7 4 L& LT, ProTaper® (Dentsply Maillefer,
Switzerland) #25, F2 Z{Ef L7-. R{IEFEKICIX, pH4.5 (T L=V VEREEE
2%(w/iv) 7 At v U o AR (LLF, APF), 10%(w/v)IRIEIEZE#BE T U 7 A
-19%(wivHEA LT Y 7 AR (LLF, NCN), BXO=a» ha— & LTHA 4
KEMHLZ., BEIREZONTOOINE, X Bf~A27u7F 74 % —2kb SEI
i, LRIy BT, BIOEREERSITIC L VITo72. HIK O BRI KIET
BT ST,

OF SRR A

@FIE~DEARTTIED R
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@2 FHAA D HAL DA EAF A D525

ICONWTENEIRET LTc. RIS ORHMINE, RIEAT & RIA 3 Btk O EREZED

HENDEM LTz, S BITBREFRIZEIGIC OV TBIZE 21T o 72,

i e 1 LRI OFER, APF TIE Ti OEH Y, NCN Tid Ni DR L < #5140,

JEEA D= ALNRIRD Z PRI NTo. BRI KT T 8L, FRRE O L5

(SR R L7z, BRI~ DRIETIAE, ERiiIciRET 5 L0 bE R

ITEdE U7z, EiHOM BEAEA TIiX APF 10218 % NCN ICRIE S5/l bDER

EIRPMEE S Tz,

fisam : APF & NCN Tid, BERENRZR D Z LR S, £, FRIEED

EFSS, B A~ORIBIRRIA, 2 HOKRZHALIEHSES 2 &1, NiTi 77

A NAT R OIS BIRZARE S E D iR H 2D Z L AR L.

X—U—FR:NTNi 771V, BE, Kt
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B PIRTR AL 35 1) D ARFIE DO — DIARE N CORMEBIT 0T s Y. IREN
(ZER BRI A R LI 6, £ ORORETBIROP S L 720, SBERE Tl

M DTRAF, JEGARE TILERGROI D IR L2 IV, BEOTHRAREICEEZ &

&

FFoLeRn?. ZoRDEkEY, WENOMITREZRET -0, i
HERFELRZ O ERIObREE 2, &R OB RIS ZFIH Lz bikkis 1017,
L VR K0 kT T 2R LBRET 2 51E 1Y, B L OMERARGIER 2 & DAY
PRIk M NRA LN TE 2. LaL, BMARBREEIIEEOHIRENSZ <, strip
perforation CHRE HIEE~DEZEIL, WA OMBRINOL O LT L & Wo 7o fafitt:
Bds Y. &SI < OBIEIHIIAR LT RFEOOTAHEAEL S5 0P
LT, BWIEm A AR EIT XD micro crack OFFEBHER S NLD. EEF O
2 X DAL FHIBR BB T AR A~ DR BN R E <, TRVE O VAR I E O Va0 i J& REAk A~
ORREARIEE 725 2 & b WE 0 ShTnd

NiTi 7 7 A UL, ME & S BEAYRAEIZ 0, IRETZRIZ I 1T DA 2h A
B xn, KKEEREHENTWS., Z0O—FHT, AT L AXAF—LE-OFH
77 A MR D EIBIEZEIE D7 < B KO T 7 A NV HEOMOE WIRCTH
ET D2 LT L. S SICHEBNC N2 5 £ TOISHIE—EDEIA THMT 5720 2,
ZEIRAEWI T 272 EFRB 2 E IS P, MENTOMITNZEREL D Z LML &

NTW5b. F7, NiTi 7 7 A VTR RE <, LI N2 Enb b, IRE
3



NTNITL 7 7 A VEBAT S BT HE, BT OREBIIES TRWI ER#HRIND
B LinL, BECETIHENRD D OO D RN TR L7z NiTi 7 7 1
VOBREFECOWTTE PR STy >,

—f%IZ, NiTi &alZfbiE (RERE) (T TW L TeOMNEENRIFTH D
MW, N A F AR e EIRWERICHEBRIE CIIgE s S g R R S 2 &
NEISNTND 03— LR RIS, 2k TRIEOISHIZE Y NiTi 7 7
AT R Z BB S THRELR ST HHEOMNZ HRE U, REEFERT Y
ULIRLNZT vbT B U U LB TRIRA~DIRIEIZ L D8RO EMEIZ OV TR
AEIToTETZ. ZORER, 2o D3N, NiTi 7 7 A Wk A icxt L CERAE
HEHTHZ L 2EEREOREIZLVHLNCLE 2P, S5, BERENEE
Secondary Electron Image (LLF, SEI &9 %) 3 X O%HEXBMEIZ L - TBIE AT
STl T A, ZHHOHETIINITL 7 7 A VOB REHEN R D Z LR I
B MAT, WREEASED Z LI I RESGTE~ORBLENTH DL Z LD
MRS, L L, ZHE TOHFETIE 24 Bl & v 9 BRI R 2 3RIR O zh#
e L7 b OT, BRRISHICIIERAER#HE LW B2 65,

AWFFEIE, NiTi 7 7 A VT R O BRI R O 2 B & LT, FRRIREO
Ak, MR ERE OMER, 3 X O 2 FEOFKE O AN PNBE RS ED L 5 7
L AT T OWTHRF L, £o, WHERET M LR WNCT vk |

U0 L@ OHIRIRE LI A OB A T = XD ONTELE L.



Mk L UG

1. A8k
1) NiTi 77 A v
NiTi v—4% U —>7 7 A /L& LT, ProTaper® (Dentsply Maillefer, Switzerland)
#25, F2 2 L7, &7 7 A/, £ D 5.0mm OFNLEZ /S A A T
E L, B L Tkl =, ke L7z (Fig.1).
2) ik
REFRICIE, AFoboafiflL, 135720 3.0ml Z Huiz.
(1) pH4.5 [ZFREL L 72 U U fefiet: 2%(wiv) 7 w4k b U O AR (LR APF & 9°5%)
7 oAb U T A GREERER, FOLMBETH) O 2%(wiv)KERZFR L2
DIz, BV U GRERRE, FeMET3) 20% C pH4.5(x0.05)ICFH%L L 7=
(2) 10%(w/v) K HEHEERET N Y v A 19%wwEbT N U 7 A% (LUF NCN &
T5)
10%K ISR T N U A (XA 7V —F—, IARIKTZ) ([ZENLF NI D
L (BRUEERARR, FOEHISET ) 2z CRR L7,
(3) xtHfE (LLF Cont &9 %)

iA A oK e R & L TR L7z,



2. ik

1) FRIRE DS B RIE TR

NiTi 7 7 A /L DKL 60 A% vy, APF, NCN, Cont ® 3 FEIC# 20 AT 4317,
IZIERTORE D B & 4 | CF 1 KFE (Sartorius-1773, Germany, fE&E&E 0.1mg)
IZCRIMHELTC1R, B OEimilad 77 AF » 7 EMNaIC 2 LiAA, RY ZAF L X
7 2 —EHOBEOFRIICEE Lz (Fig.1). AEHIMWmAASHEN S 5.0mm O
NEEIC 72D X9 |EICERE Lic., HHOREHT 10 KT 2l251F, 37C B7TCH) B
LT 60C (60°CHE) DOfEIEAME T T 2 BrffRfF L2, RYAF LRI Y 2 —&
HHNIZ, 3TCHECIT 3TCOMERAE T Thfr L3Rk %, 60°CREIZIE 60°CDOTEIRME T
TRAF LT3 2, 224 3.0ml iEA L, FELOMHHE 25 2.5mm DAL E TE
RS, 37TCoOEEMT T 3 FFHfRF L7 (Fig.1). 3 KREZICEREIZ Y L,
10.0ml D iAo A2 KD A TZalBRE (SRl 28 L, sUBRE X &4 — (NS-80, Pk
SE) T 10 BRVES %, MRS TE T RFICLVERLZFHEL, BEAMOREO
HEICHT2EEEE (%) ZHEMH L. #GEHLELX, Unpaired Student’s t-test {%
WZEVREEIT- T2, Fo, BEFHENOBIE 2 EAE FHMEE (JSM-6360LV,
JEOL) 2k v SEI 2k L TBlEZLT-.
2) RBE~DORBEHFEDERBRICKIETRE

NiTi 7 7 A /L Dkl 60 A% V>, APF, NCN, Cont ® 3 FEI/y T 7-1%, =Rl
HEIC L 0 FNE N OB A S L RBED 2 BEC 10 AT o572, & IEIE, 60°C

OIEIRMEC 2 BRRFE L%, RURFL U827 ) o — &P Ic43EE% 3.0ml
6



EAL, WEOMWHES 2.5mm OFNLE TERESE, 3TCOERM T TRFEL

7o, EEHENE, R AT 3STCOMEREM Y © 3R 2 RE Y. F72,

[FIERIEIT, 156 RIERRICIRIE S RICKE DA 2 FEIEL, BUBHIvEHE I 3 &)

A OREZ 22T, FHE 60°COMEIRM T THRAFE L TW /KR 3.0ml ICRIESHE, & 3

PRI IRIE 92 £ O ICa & Lz, AT 3 BSiRIZiRIE L 722 I L,

10.0ml DA A > KD A - TRl ISR 2 % L, sBRE X 59— T 10 BHVEZ,

HESETETFRMICIVERLZFE L. £0%, RIEAMORABOEREITS T HH

B L EZRH LMFHAE 21T~ 72, £ 72, TR >WTIE SEL 24k L THL

bl

L7z,
3) FEROHAEERDPEREBMRRITTE

NiTi 7 7 A /L DORE 40 A% 10 AFoD 4 FHTH T, ANBEE LT APF 123 1.5
FPfiRE S E /2%, NCN IZFF 1.5 BpfliRiE S 78, NAREL LTNCN IZEF 1.5 R
[Ei2E S 7214, APF (CFF 1.5 BRERIR{E S & 72 8F, ABEE LT APF OZAICE 3 e
RIESWE7HE, NABEE LT NCN OZIEF 3 FFfElRE S E/2 BT 72, S FERIE
60°COIEIRME T 2 KefIfRAE L 72, MBKIE & RO iE CREI 2 RE S E 7z, 4
BHIFE 8 KFIRIE L7 I L, ZHVE CTOFER L [FRIZEHE LR IZIRIERT O
REOEEICHTL2EEL(LEZRH L. HEFHLPIE, Non-repeated measures
ANOVA L2 X 2 BEH, A H K% 5% T Student-Newman-Keuls FEIZ L © £ E Lt
W A1T o7, F£72, WREZHEIZOWTIE SEL 24k L CTEIZR LT-.

4) NiTi B OFRBFERIEALDBER L OTR T
7



ME{ECTAPF B X O'NCN [CIRBESH R B 2 Lo o aMl L, ftlrms @&+ 5
F THFEE L 721%, EPMA (JXA-8530F, JEOL) |2 & ¥, Backscattered Electron Image
(LLFBEI £92%) % L, Ni, Ti, O ®xH#E~ v B 7 %1T-o7=. 512, EPMA
(JCMA-733, JEOL) (Z X 0 EMERESIT 21T o7z, Fiz, MEUE THEERIAE 2
RIBSHETH, RUAF LAY Y 2 —EROFICRO TR KRB L OER
ERO NI B L O TI OEWE RS Z2, @ERFEMS T 7 X~ Fortik
(ICPS-8000, EfdfEar, LT ICP &%) KU'EPMA (JXA-8900, JEOL) (Z

AQUE Y o



1. FRRIRED R REMRICRITTRE

APF 128\ T, =& 3 Wil #4 CTid 37TCHEIE 95.9%12, 60°CHEIL 93.5%IZ EE &3
BL, ZOEIFT24%TH-7-. NCNIZEBWTIE, 3TCRETIE 97.1%IZ, 60CHET
I 94.1%ICEENBA L, TDEIT 3.0%ThH-o7= (Fig.2). =2 ba—/LZBWT
X, WTNORETHEEOEIITRD b o7=. APF, NCN & & 3KgEE D
ERICE YV EEOEEN KX 72V, Unpaired Student’s t-test %12 X - THIKIR
JERCREGHEMIA B 220788 B 1172 (p<0.05).

JEREFHIZ L OBIEZETIX, APF ICIRIELTZ NiTL 7 7 A AT A E, AWIRFT LI

m:b

BWTHREIOERBICE T2 Do 7Dy, FHRIZRIE LTS OFRE T RAITEAL T
Wiz, SEIFTACIE, 37°CHE, 60°CHEE H12 APF IZigE L 7= S I/ LAY 2 B
I, 60°CHEL 3TCREE B L, /NMLOKBEML, BOKZNBDOBA LI, BEE
T o/ FLEERE L TRIRDIEREZ 2T 2 b D bise =7z (Fig.3).

—7J7, NCN{Zig{# L7z NiTi 7 7 A /MARPT 1L, BRI & Se sl m s - s
BRRPHETT HREZ R L1z, SELFTALTIX, 37°CHE, 60°CHE, & ICEMMlicE
WY OBRE R REEGEO biviz. F£72, 60°CHIL 3TCREL iR L, O
FENRELh-oT- (Fig4).

22 b= TIE SEIFTRICEWT, EREMR 2R SIIERD R o 72,



2. EE~ORBEHENFERBRIC KT TEE

APF T, HHiET 93.5%I2, MBIEIX 91.6%ICEENHD L, TOHEN 1.9% T
Hofe. Fiz, NCNIZEWT, HHET 94.1%, FEIEIL 89.4%ICEE&MNED L,
FDEN 4.7% Tho7- (Figh). v Fr—LIlB T, WTFNOREFETDH
HEOEITERD Sn/eh o7z, APF, NCN WFhOREICEE L2 HAIcB 0T
b, HLE LKL, MEETORBETITEREOL(ERNRELS 2V, HEHPHAEE
ZEDNFRD B AT (p<0.05).

APF (Z3& L7 NiTi 7 7 A /VIEAT i @ SEI Fr /i Cid, e, MaE & HICiRE
U 7o B BRI/ NLIS B B AVTZ DS, TRERNCE LUV INMLOELOENSY, B RBIEfR O
FEDOZEITRO G- 7- (Fig.e).

NCN [Z{2i& L7z NiTi 7 7 A Vg iy © SEI pr il CiE, aEfeeds, RIEE & & IThk
WrillZ B W T MY OBEERAEG N O 6L, FICHBRIEICBWTELILr- -
(Fig.7). @a> bu—® SEIFTA TIE, BRIFMEEZ RTBIZA LN R -T-,

3. HROHAERAPEREBMRCRITTEE

APF & NCN, 2 fEEOIKR & HAE DR TZEFEICB T, AR 91.6%I12, N
BRI 89.4%1C, NA BHIE 93.9%I2, AN #EIX 77.4%\CEENHA L, AN BEIZBWT
&b ENKE Do 72, Non-repeated measures ANOVA 1EI1C L 2 HiER, AEK
#E 5% C Student-Newman-Keuls #2 €2 L W ZE I A 1T 7285 58K, AN BRI S0
L, AEZAENEO B (p<0.01). F7z, ABEE NEEM, ABEE NA BRI

HEAENRD LN o712 (p>0.05) 28, TOMOBIESRUEM CITAEENRD LN
10



72(p<0.05) (Fig.8).

SEI A fllZ3B W\ T, NA FE TR O A & RIET 0 BRI B 2 /N LR &
, AREE N BHCIRIE LB OB IENRE LB 2 2 LTz, B AN B
WZRBWTIINLA D —KUTHRHEN R~ ET L2 L O REF LVAEGZ 2 L TV
(Fig.9).

4. NiTif#rh ORRBFEHELOBIEL L OTTR O

IR L 0 APF ~2 L 7= 30k o ffitiriai o BEI Fr bl Tik, SEtOBRBIZZ biX
IRINO TN, W R S 7 7 A W Sesmfl 18 23O FRR IS B i 2347 L, 2,000
B NWTIE, 121 00RO 7 7 A VEHH S POEA~EERNEITL TV HIE
FRARAB ST BTz, Z AUk L C NCN 1Zi2E L 7= 30k o fie Wi o BEI Ft i CI3E
BT K DRENE L, WD & SEm ANz 2y > THEFT 9~ 2 M1 o0 35 B 72 AR 44 3
Wbk (Fig.10).

APF ~RiEL7REIOEHE~ v o 7Tk, MilmEm 2z — @8 5 Bk Oy
X, Ti &L, Ni& O 3% <@BHOLN (Fig1l). EESH T, Ni 0EES
—ky NI, FEEE, BREmE LI N2 oIcH L, FEREICH TS Ti O
FEN— ML 37.2wt%, BREREICHIT S Ti OEE S—& 2 ME 7.8 wth & EH
(&> 72 (Tablel). F7z, FBIAIRIE LR ERIZIE, TREME IO b
o7, ICP IZ K 2RI D Ni KO T OEMHEE RSN T, Ni 28 27mg/L,
Ti 78 24mg/L i & 47= (Table2).

NCN [CiRE L-RE O HEzE~ v v 7 TlE, REoRBICH-2BAEREICIE, Ni
11



LHBIL, Ti & O AEL<RBOONE (Figl2). EESFTIE, T OERES—t
M, FEERE, BREE LICEN LV olcHt L, FEREICHEIT S Ni OHEER
—t 2 ME 46.3 wt%, EREIZHIT S NI OEE/ S—F 2 M 11.6 wt% & EIIK
o7z (Tabled). FRBFZIRE L7 B3RIRTICIE, 7 7 A VORIV EADE
BARDNLL 50 (Fig.13), A7 L7 4 & —|C Tl L TR & by
2o, T EAT o TR, ICP T K 25K D Ni KO Ti O EMEE &5 T,
Ni % 0.5mg/L #&iifi, Til%0.1mg/L KifiTdh-o7= (Table2). LiL, EPMAIZ L%
LR O TEVEE BT T, Ni 23 55.6wt%, Ti 23 23.6wt% &, Ni OB/ —&

hAaMliEE L L, £ <@B® biviz (Tabled).

12



NiTi 7 7 A VIS & 5 BRI L 0, REBREMEICERL TWD. 20
7o, HHONY RE—2 % W TAREEESDIHNIC X D RE TR FTRRIZZR Y, Tk
DAT VUV VARAF—NBOFTHT 7 AL LT, L ORNIZ, i O R D7
<, WEHEOEBNDRVIRERREIT) ZENTEDL L IR 330 L
L, B9 280, HEOMOSREBNR ED, JHRELNEE AL RNED, il
THNKEETH O, REBREFICTRE N TR T2 Z L RHEE SN TS
B3I/ NIiTi 7 7 A L ORIERFRITINT, HERITHID 2L TR TH > 7=0ITx L,
A, NiTi 80BULEIC LY, &80 TRTEIET S Z & T 7 A /MTHURERN
2 8 OTHEEALRNBND X 9127577 7 A MBS D & i 0, fER O IR s
BICBEXTANT AR 74— 0 0L ) REEESZRY Ahz v RE—X
RENERE Y SN, Ty A NOBITOMEE LT DX SIS0 TEEA, BED
{7 5 DR 0 I L 0 BT 9 B fakiE 2% 136k SR,

Z DL D BRIREN O BT TR 2BREEIL TN E TIZ, BMABREEET
HIBRZIEDRFT STV DA, REN & WD PR AHZEM COREITIREEL X o
% . Masseran kit® (Micro Mega, France)<> IRS™ (Dentsply Maillefer, Switzerland)
D X5 I BRI HT i 2 H0RE U CBR AT 2 518 2%, REBEOHIREN %< 725
72, ZIL, WIRAT, micro crack FADMERIMENH Y, EEARE OV TEARIC

THEICAREETH D, S HIT, BREFHIIIB T DI ORENH DM LU LIz DN T
13



DI HND VDM RAHT CERAMIT A U B AT SRR BIE D fE
BRPEA (LD . TECIIR A O ERBMET 2 0P L, B RIRE 26 A LRrEER
AL TWD., ZAUTHEMBITA OMFIZA Y » FEER L, ZORMICHE ST
y T HARAN L TR S ¥ CTRET 20, RENBATOZ LT 7 A VHREREIZ &
AL EIZEVERI D70, AMBESBVIAATHNDLEARETIERAY v h&E AR
5B CMFIE L L CREILIHNC D722 N 28R H 5. £, WIThBRERIL 67~
87% & DHMEL H VIREFREIZH S BRVIAATLEF —ATIEBRETERNWI L H D
6.745)

— 7, ALFRIBREBEIZB OV TL, MR & ORfEE VW5 6 00 Zivk Tk
HEENTND N 018 R EER 0 i A T E O K R 8 PHAEAE ~ 0D 2 EVE A IR & &
N5, EESOISHZITO T2DIIT+0RERE L EHIC, EROIBMFANLETHD.
LU, FAIDOISTARZFEO DI WK ThHUE, WEOHIREN DN
N 2 B T AULERRAIC AR ik LB 2 5. @ NiTL 7 7 A VDR N Tl
P 2856, NEMREBEICEVIALIE T v 7 SAUCREERETT % . £ < o NiTi
Ty A MBS ) VI T 4 T F T ORIRE LTRY, RE~OBHEHET
HEOREBELTNDTED, 77 A VRPN EVIAL THITT 5 Z 13720, Kim
& NIRE A L 721 D ProTaper 7 7 A VOIS 45370 2 fBHT L TV 578, 7
7 A VISR IS I DNERO BN o122 b b, 7 7 A MR ERIC I A
DPINHIRVIRRET, EBEIZR VAT DIERT L T D Z LR HEER SN S.

ZDTD, ZONEHRE 7 ST E IR I Z < WL TH D B2 b,
14



ZOEHGEREG T E~TEOLIVEKRIZLVIERET S Z LT - T, REREIZ L
HWITERED TV v T 2iRDH LN TE, ZORITHEEIRIRE) TR S IZHREDN Alig
LD ZOEAE, WEMITh ORTEREMR L THRETIHNET R 25D,

NiTi &4, BHEREDBIEICEDLONTEY RgRMENEEZ AT 28EE LT
MHENTWS. LinL, ZOBMUBEIL CILFD L 5 a s oA 4 OfFE R Tl
WS ERZELS . ClIC L 2BLEORIED ST SICo0TE, Ni T
HERROBE ST W2 & THEZAE LTV OITH L, Ti O EIRIIAEE S iz <
WL THZFIR THE OIS, BHICLER TiO: (FRILI) & 7220 At %
RHET 572, NiTi AEOMEBIEZE W E ShTWD 30, o A b & UL
TilINi & L CTA A AUEHIA DA RE S A AL LT W L1272 5208, 20 TiO:
DEBLIEDAFEIZ LV BAFRITHEMEZ R TWDH Z &b, L7ehR>T, ZD LD
RO @S WEIR B R T 5720121, TiO2 DR LIS 2 W RANICIEME S 5 2 &3
HELEZEZBND.

ZHETOMZE®® T, NiTi 7 7 A M1, Cla &t NCNIREB L O F
Z 35T APF IR~ DIRIBIC L > TR BT 2 Z LRI N, £ OEROIE ik
FICITE VA A DAL, NCN T2 &8 & AETT 5 DIck L, APF TIZ7 7
A VAR D —RRICE RN ETTL TV o7z, L LBROEITITELS, 24 K
M CHREERBREME CITITEL o7, 72 APF 5L UNCN ORELFE
OB RETT D700, BIFRITIRIE LTARERTEORFNR~A 7 n ey 1 —

ZEEHPE LT EZAH, WTHOEE~DRIBIZBWTHRIERBEIZE EE o7z
15



ZEING, BFE~OREER/NRICIMZ OO, 77 A VTR 2R SE, B
EERBFITT DM RB S -, L, ERRICHZ 2 KO AT AR
HLNEEZDND., T TAMZETIE, NiTi 7 7 A /VEHT T OIS IR O &
S b REMEAZ B E LT, APFBLXUNCNICLD NiTi 7 7 A VT DR A 7
S A LDOHEIZOWTHRETT 2 & & Hig, FRREDOE(L, K~ MK 2IZIE,
B IO 2 BIHOIIKOF EAEM A NITL 7 7 A WV F DI BRI E O L 5 I
FAET T HOWTHRET L 7=,

1. SRR DS B RIE T B

AEOFEBRTHRE LT 3TC LW FRIRESRMT, RENORELZME LD
Thb. —7, 60°CICHIEEE 23 E LR e LTiE, M soms Dk,
60°CIZANIE L7 NaOCl ZREPNICIEA LD b N 25 0 SR 2% iR E 0 1R 23
ATCHEMZ 2otz L, TR PDOHBET, 4 XOTFHEAHEOREMNIC 2000CD £ —
NI =% A LT & EOWBREEELEP  KFTH 428 CTho7c 2 &, Fiz
Eriksson & "D K 2 ALK 2 B C thE Lk 5 03 U 2 B
BENATCTHDH Z LR EITESNTND. FEBRTIX 60°COEKIC NiTi Ok %
RIESH, ZO%IT3TCOERM P TREL TWDA, MFK 3 R CIEIRIR
IIMETFLTCLES. Lonl, ZHIEEBOBRK CHEAT2HG0OREZEE LD
THD.

APF B X O'NCN ~DRIFIZEBWT, FKiE L LA SE25E6, NiTi 7 71V

At i OIS BEIIEE S, MEHFRICAEESRBO O, Zhid, ERRE L
16



EREEDZLICED, NITL 7 7 A VTR OB EEROGTF OGS HMERE L 72729
EBEZLND. —MRIALFERIGHEEITIRE O ERIC X > T L, Fishidmsd Tz
W2 ERIMBINTWD., £, EIRED EFICX Y, &RFiEOMBALIEOTE KL
ELICRLERbDERY, BBENEIHCEED 5D, Peter 5 53 21°C L 60°CITF*
TE LRI RS T b U 7 AVEIRIC NITL 7 7 A V% 2 BERIER, 7 7 A /L Ofiflr

NV OB A4 i 7 & OBEMAOREME & G L T2 03, 60°C ODIRE TIX b M Il
ISR HEFMENMET LTV B 2 L 28t LT\ 5. £72, Sirtes 13 Vil
W% 20°C, 45°C, 60°COWMHIERIET M U LK CHETLTEY, 60C1 &S
RO TH ST Z L Z2HMEL TS, 2o ONEHRE L, S EIOME & FFEICEERK
DIRE EFICX D ZOERABMEHRINTZLDEEZLND.

SEI ft iLiC L 2 eI L OBILE TIE, APF ~ORIEIZBW T, 3TCRETIXR
{5 L7z NiTi 7 7 A VBT i ORIEA R 2RI N LR D B LTz b DA%, 60°CHE
TSGR E D R K> TR EBISHMEE S, /INMLOBDMEINL, BOKEZ W
DHLRD B, BHET D/ LEDRR S TWBEFTR AN, ZO/NLUTHLE LS
2D, LEOFAEIT B LIZBEBRIM DT A T OFRANAE 1T
HHOLEEZLNTND D WHITEBRERIMOED X 5 2 KIERICE 2 0 NI EE

, BERETERL L CRBA A N Eil Lo <725, DF W EMEEF OfgHR L e
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Abstract

Purpose: Nickel-titanium (NiTi) rotary files have been shown to be effective for

root canal preparation due to their superelastic mechanical properties; they can

sometimes fracture in the root canal. Nevertheless, few studies have examined

removal of file fragments, and a method for removing files that have fractured in

the root canal has yet to be firmly established. In an attempt to establish a simple

method for removing NiTi file fragments by corrosion with a chemical solution, we

previously conducted basic studies in which we corroded file fragments with

different solutions. In the present study, we analyzed the mechanisms for NiTi file

fragment corrosion action by two chemical solutions and examined the effects of

different solution temperatures, immersion methods, and interactions between

the two types of solutions on dissolution to reduce dissolution time.
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Materials and Methods: The NiTi rotary files used were #25 F2 ProTaper®

(Dentsply, Maillefer, Switzerland). The two chemical solutions were APF,

composed of 2% (w/v) sodium fluoride (pH of 4.5) + phosphoric acid, and NCN,

composed of 10% (w/v) sodium hypochlorite + 19% (w/v) sodium chloride.

Deionized water was used as a control solution. Corrosion mechanisms were

analyzed both by SEI observation and elemental mapping with an X-ray micro

analyzer and by quantitative and qualitative analysis with an electron probe

microanalyzer. To examine the effects on dissolution by corrosion, we looked at

effects of the following: (1) solution temperature; (2) method of immersion in the

solution; and (3) interactions between the two types of solutions. Dissolution

progress was calculated by measuring the differences in weight from before

immersion to three hours after immersion. Morphological changes were also

observed.
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Results: Elemental analysis revealed that Ti dissolution was greater in APF and

that Ni dissolution was greater in NCN, thereby suggesting different corrosion

mechanisms in the two solutions. In addition, corrosion progressed faster with

higher solution temperatures and intermittent as opposed to continuous

immersion in the solution. For solution interaction, dissolution was fastest when

the fragment was immersed in NCN after APF.

Conclusions: We confirmed that the corrosion mechanism differed for APF and

NCN. Dissolution of NiTi file fragments by corrosion can be accelerated by

elevating the solution temperature, immersing the fragment in the solution

intermittently, and utilizing the interaction between the two kinds of solutions.

Key words : nickel-titanium file, corrosion, removal
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Table 1

Quantitative and qualitative analysis of specimens

Tablel
i |

1mmersed in APF for 3 hours with an electron probe micro

analyzer.
(wt%)
N1 Ti O C total
non- mean 46.4 37.2 2.0 0.5 86.1
Corrosion
side SD 0.4 0.7 0.4 0.5 1.3
Corrosion mean 43.6 7.8 3.0 3.0 57.5
side SD 37 25 03 08 4.2



Table 2
Quantitative ICP analysis of each
residual solutions for 3 hours.

Table2
P )

APF NCN
solution solution

(mg/L)

N1 27 <0.5%

T1 24 <0.1*

*Limit of detection



Table 3

Quantitative and qualitative analysis of specimens

Table3
i |

immersed in NCN for 3 hours with an electron probe micro

analyzer.
(wt%)
N1 Ti O C total
non- mean 46.3 37.8 3.4 0.3 87.8
Corrosion
side SD 0.3 0.1 0.2 0.2 0.6
Corrosion mean 11.6 33.6 18.5 2.5 66.1
side SD 53 46 45 1.5 5.4



Table 4

Quantitative and qualitative
analysis of corrosion product of
specimens immersed i1n NCN
for 3 hours with electron probe
micro analyzer.

e
Ni 55.6
Ti 23.6
5 2.4
C 2.2
Ca 1.4

O 14.7

Table4
i |
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Figure Legends
Fig.1 Setup of specimens for immersion examination:
NiTi endodontic files were made to rotate and separated at a point
5.0mm from the tip. The files were immersed 2.5mm from broken edge

in APF, NCN or control.

Fig.2 Weight change of specimens immersed in each solutions at 37°C and

60°C for 3 hours.

Fig.3 SEI observation of specimens immersed in APF at 37°C and 60°C for 3

hours (x20, X100, X600).

Fig.4 SEI observation of specimens immersed in NCN at 37°C and 60°C for 3

hours (x20, X100, x600).

Fig.5 Weight change of specimens immersed in each solutions by

continuously and intermittently method for 3 hours.

Fig.6 SEI observation of specimens immersed in APF by continuously and

intermittently method for 3 hours (x20, x100, x600).



Fig.7 SEI observation of specimens immersed in NCN by continuously and

intermittently method for 3 hours (x20, x100, x600).

Fig.8 Weight change of specimens immersed in each groups for 3 hours.
Same letters indicate no significant difference between groups at

p>0.05.

Fig.9 SEI observation of specimens immersed in each groups for 3 hours.

(x20, X100, x600).

Fig.10 BEI observation of specimens immersed in APF, NCN with X-ray

micro analyzer (x50, X400, x2000).

Fig.11 Elemental mapping of specimens immersed in APF for 3 hours with

X-ray micro analyzer (x2000).

Fig.12 Elemental mapping of specimens immersed in NCN for 3 hours with

X-ray micro analyzer (x2000).



Fig.13 SEI observation of corrosion product of specimens immersed in NCN

for 3 hours (x200).



