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Abstract : Ni-Ti alloy used as an orthodontic arch wire has super-elasticity and shows excellent corrosion
resistance due to the thin oxide layer of TiO, formed in the atmosphere. However, dissolution of the oxide layer
occurs when HF molecule is formed from H' ion and F~ ion which is contained in dental caries prophylactics. In
particular, an oxide layer breaks in strong acidic environment and as a result both Ti and Ni elute from the alloy.
As adverse effect by the dissolved Ni, cytotoxicity, allergy, and carcinogenicity are known, and accordingly
decrease of the amount of Ni dissolution is strongly desired.

The aim of this study is to confirm decrease of the amount of Ni dissolution by the surface treatment of anodic
oxidation. Therefore, the electrochemical treatment of the commercial Ni-Ti orthodontic wires in acid or alkaline
electrolyte was carried out and dissolution test of treated wires was done in acid solution containing F~ ion.

Commercially available Ni-Ti orthodontic wires were cut into the pieces of 20 mm in length as specimens. In an
aqueous solution of 0.008 mol/L H,SO, or 0.030 mol/L NaOH as electrolyte, the anodic oxidation of the specimens
was carried out for 300 s at applied voltage of 10 VDC at room temperature. Each specimen, as received, anodized
in H,SO, or anodized in NaOH, was dipped at 37 C for 1 hour into one of two corrosive solutions, pH 3.6 or pH 4.4,
which contained 1,000 ppm of NaF. The inductively-coupled plasma mass spectrometer (ICP-MS) was used to
determine the amounts of Ti and Ni that were eluted from the specimens into the corrosive solutions. Before and
after the dissolution tests, the chemical composition of oxide films and thickness of them were estimated from the
depth profiles performed by the X-ray photoelectron spectroscopy (XPS).

The mean values of current density at anodizing treatment were 1.3 mA/mm?® regardless of the electrolyte.
Each thickness of oxide films was as follows; 4.0 = 0.5 nm (as received), 33.3 = 1.5 nm (anodized in H,SO,), and 8.3
+ (0.8 nm (anodized in NaOH). The main component of the oxide films generated by anodic oxidation was TiO,. In
the case of the solution of pH 3.6, each amount of Ni dissolution was as follows; 24.3 * 1.3 ug/cm?® (as received),
191 + 17 ug/cm’ (anodized in H,SO,), and 267 = 0.1 u g/cm?® (anodized in NaOH). In the case of the solution of
pH 44, each was as follows; 65 * 0.7 ug/cm?® (as received), 27 = 14 ug/cm’ (anodized in H,SO,), and 7.6 + 05

ug/cm® (anodized in NaOH). As for the specimen anodized in H,SO,, an oxide layer was generated thicker than
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that of the specimen anodized in NaOH. As a result, the amount of Ni dissolution decreased to about 40 % of that
of as received specimen in the solution of pH 4.4.

The amount of Ni dissolution from Ni-Ti orthodontic wires reduced when we properly performed anodic
oxidation even if containing considerably amount of HF in the solution.

P8 WHBEM T A Y E LTRSS NiTi 4403, BlEonE2ib, KM TTIO 2 EKa e+ 50 <
TR 2 RMICER T 5720, MO TRFAMEEEZRT. LrL, HWFHiELLICEETNE 7 vt
LBEFEAFTUPAERL, H ATV ERHELTHF 512 s N5 &, BILHIEOBEMAME S 5, HHIC, MVEEMESR
B GBI OB M OMRAE L, THESH,S Ti & NiEH T4, BHLANICK2FEEAE LT, Mz,
TUNF—, BEERENAISNTEY, NiAHEBAIT5Z L0 EEN5,

RIFFED HIE, WO NiTIBIEHN 7 A Y 2 @Bk 7237 v h ) ESER I THBBEILL, ZhoR2 F
A% U EAOBEBRTIRE L, BB L 2 KALEOME, 2F 0, NNBHEORDEZHRAT L2 L TH 5,

WO Ni-TiBIEN 7 4 Y 2 E X 20mm IC8IHF L, 3BE Lz BMMMLiE, 0.008mol/L H,SO, % 7213 0.030mol/
L NaOH # &M L LTHV, RIS T, B 10V T, 300 HMEEL TIT o7z, IHREBRIE, AP0 T T & BEE
1L L7230k % 1,000ppm @ NaF # &t pH 3.6 7213 pH 44 O EEHE DI, 37C T, 1MREL TIro7. BE
BB L2 Ti & NiE, FEFEE 77 ABERGNEE (ICP-MS) 2 MW TER Lz, BHHERT#O%R
BOMIWIEDIZ X L HIKIZ, XBAEETHRE XPS) 2V, 7270774 WX WREF L7

FRRALRE OBRBEEE, £bO0BMHEZ M V2EED, FHMHIE L3mA/mm’ TH - 720 F AR OBRILHIIE
S, AFoFF 140 = 05nm, H,SO, H CHMEEL : 33.3 = 1.5nm, NaOH A CHM&EER1L : 8.3 = 0.8nm TH - 726
F72, BB X o THAR L 2B 280512, TiO, Th o720 HRE» SO NIBEHRIZUTOLH 2k -
720 pH 36 DB EBHA~ORETIE, ATFOFT T 1243 = 1.3ug/cm®, HSO, 1 CTHMBEEIL : 191 = 1.7 4 g/cm?,
NaOH fr TR ERL : 267 = 0.1 ug/cm® Th o720, T72, pH 44 DIFABHEADORIETIE, AFDOT T 165 =07
wg/cm’, H,S0, TR EEL : 27 = 14ug/cm®, NaOH H CHiMEEIL : 76 = 05ug/cm* ThH o7z, Thb b,
H,SO, TR L L 7-30EHE, NaOH 2 W72 4E X0 b, BAILBEVE (RS, 2%, pH 44 Tid,
Ni AHEIZAFOE FOHEOH 40% 12D L7z,

CNOORE, BERILZ#EYICIT 21X, HE 0 FOFET 2B EERP T, NiTIFIEH T A Y550 Ni G
BEDLRLTELZ LRI,

OHEIMDTL WY 25, Nif + v oEig,
[#

il

EHDH D,

e
HUEY RTULAF—" 070, BERKICHEE: 22

Ni-Ti A4id, BEPEOREIC L - T, WFHEIEH 7
AXZIFLOELT, ELHEREHSATH2 Y, 2o
H413, KAH T TiO, ORB WL Z A3 % DT,
— NI B AR AR RS S eSS R Tw 5 Y,
L72L, Watanabe 1%, 7 vtz &) il PRiH S
NiTid & ZEmzsl a8y z2MELLY,
Nakagawa 51, TiDBEERBZITV, 7 v ZBRED
& BRI, pH Ofi % MEfhc i S &, Ak FIE
LB EMOFROBR I EMRE 2SI 2R, Bz
¥, 1,000ppm @ NaF & (4524ppm F) H T, pH 4.2
LUF T Ti o fitEAdebh s 2 & 28 Lz Y Ni-Ti
BEOLELMESEZ R THEE, RuERI N
TiO, DWIETH % 720, WL bh s 7 v Kkl
& pH Ofiiix, Nakagawa b DL FBEFEICL L LT
MEhz, ¥abb, NiTiBEATA YL, 7o #Kik
JE& pH OMHEAE E5MZ0723 &, Ti % Ni 0%
EHEINL, TIZOWTRZFOHFEERLT LIV F -7 &

TRETICYH, WEMORED 2D, BILA? 2E
SALEIILEE Y 2 &2 VT, GE0KEIZE VR
Bl % AT B AV AT TWA, LA L, Ni-Ti%E
IEAT A XX 100C AT CERBIREHPH 2> X 9 12
BEANTWE2D Y, ThE2BMETLE, A—H—
ASEE S THIAT LT 2B O BRI D L A3
BEND, F72, BERALFOLILTIE, BT 2 B
BIE, W, W SUFAEICESD Y, SECko
TR DIE X 7213 Th <, ZDfb3ms X OE
BPERD ZE b o TL 5 Wy BRI B LA LB
ORETHY, ThEFTOLL OET, EICEHIEET
HTHbNTE, Lo L, ERENEBEORE R
WAL O SR 5720, NiEIHEZ B CTE 5K
W 2 PG R AR LT R

KL DR R % MRS 2 723, AW Ot itk %,
WS, pH . H AV IRRIENRM 222 TRt
179 2 & TEl L 7= 35 A5 5 2

_22_



A

ARBFFETIE, MifEZ3%EZ AT, Hlo Ni-Ti FI1E
AT A X ZBMEE 72037 VA ) BRI B W Tl
BALL, 7 v FBA R ETIENTREI VES 7 v #F A+
YR EE T M L7 ISR 2R LT, Niis R
DAY B B IR LML PG 2 a8 L 7o

[#1#4 & 5]

1. B O%EME

Ni-TIBIEH 7 A Y (v aAf 7 —F74 % — 520-
28, L7 % ¥ a25—055x07lmm, b 3I—, &5,
HA) OBEMES %4 20mm O S 2L, 3k e
L7zo BEEPEEHE (B-1200, YAMATO, HA) #Hw,
IF 7= (Wi 955%, FIGHMIBETE, KK, HA)
EBMAK (U QK) ITT, ThEFNR240P0, BY
Wekige L 720

2. BRIt

MR AL o B L L <, 0008mol/L H,SO, (HifE
95%, BRI, W, HA) & 0.030mol/L NaOH (i
BE95%, FMDGAISE T3, KBR, HA) OKEWRZE i
L7ze SNOOEMBOBREEL, BHEERILEEOBREE
ZIZIZM LT 5720, FMEROMEEZSEZICL Tk
E L7

Bt R AL O 2 B3 2 Figl 1SR, R 50mL
OB E AN, Btk e LTGRO —%2 5 15mm O
B85 % BRI L, Fom 3 i A IR (104123 B,
B, A, BHAR) OIFEMICER L. T2, BiE L
THIARD—=F M (20 x 20 x 1 mm, HEF7 3
A, W, HA) 2 ZoBMICHER Lz, fAFL 7T

Dired -current power supply wni
Ammeter I..___
- o
AT ™
_

I". = A nodes
Y Ma-Th woare

< Cathodes
Glazay
carbon plate

/

Electrolyio (R0 mlL)

Fig. 1 Fat&izfbo2Estx

BN 133

ARA — RO ORI, 20 ~ 30mm O #iPH THE
WMEZKE—T B 720 M U720 FatiRALIZENINEE & 5
W10V & L, 300 BHEEL TiTo 7. T, 30%
TEICERMENE L7z, Rtk ey s —
VERMAK (3 QK) IZT, ZhEh 240 B, &
HW L 7o

3. AHHE

H,PO, (#iFE85.0%, FIOGHiZE T3, KBk, HA) %
Bk (2 QA W THML, 1,000ppm ® NaF (Fil
F£99.0%, FOGHIEE T3, KBk, HA) & pH 36
EPpHAADBEWRZHAEL /2o 215 o pH H 1,
Nakagawa 5 O #Hiis ¥ 2 5%\ L O ik & JEg &
I L 2 B X DB L 720 L L 229 o pH O
WL, 7Y &V pH EF (YK-21PH |, fRiErG S, Mzl
HA) %z,

wHREH OB, Fig2 lISRT L9112, BREBIL
MEHEOT A4 Y% RS 13mm IZYK L, Wiz b i
857 4 v (Rl 56 ~58C, #iEfbs:, W, AAR)
WCTHELT, PR 10mm 722 H B s, &l
L7288 D FEMAEIX 26mm® & ko720 TNELY ) —
VERMAK (2 QK) ITT, ZhZFh 2401, #
TS L, BRI TEEREL 2,

BIHREE, 10mL OB AR %Z A7z 14mL KD
R 7Tl ®]OREE (91016, TPP, XA X) I
FitoBmRBHREE AN, FEOFX v v FITTER
L, 2h#% 37CoEEM (Drying Oven DVS402, ¥
~ MR, HE, HA) HUC 1 RERIBREEL TIr o 72,
HERER D 5t & ELOWEFR % Table 1 1377

AED DB ~NAER LTI E Ni 2 ERT 572

BT wre
‘lr
¥
| E——
[
i
4+ * L
10N pvam Paraffin

Lsurface area 25 mm)

!

|' | i mmeraed
for 1 hour
at 370
e Corroaree 2olution
10 ml.)
— w

Fig. 2 #EHEBROE

_23_



134 B AR

40(2) : 2010

Table 1 EHRBO LM & B OMERR
o pH 3.6 BRERFIC  pH 4.4 BRBERHRIC
=EAl . [N
1 BERERE 1 BEERE
AFDOE EORF AS-b AS-3 AS-4
H,SO, TEAEREL L =38t SO-b S0-3 S0-4
NaOH TREEREE L -8t NA-b NA-3 NA-4

W, BEBERZEBMAK (39U Q/K) T100 AL,
FEEE T 7 A ERESoMESE (ICPM-8500, B,
#, HA) 2HWT, HEH48 D Ti L R 58 D Ni
R L7zo MEMFIE, Student ®d t REIC THFHS
MEAT, BREDHEERIT- 7,

4. XIHEFHHE (XPS)

BRI ZORE OIS L ES 2 KD S
72% XPS (Quantum 2000, 7V Ny 7 -7 7 4, #hZ3I,
HA) 2 L7 2471%, 8 10° Torr DEZEFIZT,
Al-Ka X#t (16kV, 256W) ZJHWT, ¥— 282100 um,
KB/BFIY B LAE A ICTITo 720 T7FATT T 74
VERLIZDIZ, ArAF &k B A8y % & Ti2p,
Ni2p, Ols, Cls ®F T —ZARY MILOSN % 38 HAZ 4k
DB LATo720 Ar A4 Y A%y #1E, 2mm X 2mm
OWIRITH L 1 23 21T, A28y IR 0 ~ 60min
TIEMEEE 05kV, A%y F B 60 ~ 80min TN
HWEE 20kV & Lz, ANy RS, HO5HLORD
BNTWVD SO, WD A8y ¥z wT, A8y ¥
R HHE L, SO, #IKDJE X & LT nm HAL TR
L7e F72, £HXBOBIHEEORSMEITT AT 7 7
AN SHEE L7z, HlBoOBLEFEOESIE, ZhE
TOWE" 2BEI2L, Ols AT MVl O KE
N 7T FOMOD 1/2 OMEICHY T 5 A8y
FREELEHR Lz, T — 5 OITICIE, HEMNEOY T
b = 7 MultiPak % i L7z,

(4% K]

H,SO, 3 & U" NaOH % i T O B i R 1L vk 0 B i %
DA% Fig3 IR BEBALBGE %2 5 30 B
FC, BEIIRE A LUMERNETH 7225, €D
#%, 1FIE—EIC ko 30 ~ 300 BOEREED
fili 1d, H,SO, % # H T1& 1.32 = 0.0lmA/mm® NaOH
WP TIE 134 = 003mA/mm® & &0, WHE—FKT
LTl EMR LI, MEMEEL DI, AEBIUFT A
KA — KRB S DFADIEENFER S NT=D, F84
BOD W2 0B N ECIAHBETH o720 T2, B
AL O RFERENIE, H,SO, il Tldskt, NaOH %
WTIXERBTDH - AR Kbz,

AFOF TR (ASb) @ Ar 4+ ¥ A%y # 5[4

o Ti2p & Ni2p ®F 1 — A7 M V% Figd \ZR7,
C ORI RERD S 12nm OEE S ISH YT 5 T TORH
EFRLTWD, HITRTLIIC, ZhERT AL F—
&% Ti2p (2p3/2 & 2pl1/2):451 ~ 468eV, Ni2p (2p3/2
& 2pl/2) 1 846 ~88leV Lk L, ¥ —ZExRD,
BonzF7rA7a7 74 V% Figh (1) \SRL7z. B
I ArlCX B ANy FREEZRL, MR TILEL
FLTW5D, THONILTIELTIENI & Ti DFFHX
FEHAYICIE 1 18R B DT, Figh (1) &—3 L%,
FD®, TEIHOBOIAVF—IEE, Ti2p 3%
B3, Ni2pllowTid#Eo#mEY 28%10L,
846 ~ 862eV (Ni2p3/2, Figd) [CZEHLTHERLD
A% Figh (2) TH5b, ZDOETIENi & Ti DFEFHZEKIZ
BLZEL1:112hY, BEHENAEIEOW0T, B
%, EERIHEICBVTIE, COZAVF—IREZRA L.
ATDT T L HmEILHEOZRE DO XPS 77271
77 A NVOB % Figé (1) ~ (3) TR, KPICERE
AR TR LR S OfitilL, BEBEE S ICHY 35, w
Fhoik b, BB d i, Ti OB T#EE2S Ni
DETRELIYDRECZEN G0 5, XPSTT AT 0
T 7 A DR 7 BT O 5 R O AL B IREE S
% Fig7 |2 § o SO-b OFALBIIE S 1k AS-b Dy 8 £,
NA-b DBLHEE X 12 ASh DK 25 TH Y, W,

1.5
= 0.030 mol/LL. NaOH
g8 14} o
Z
g — 1 3333111
S 13 b ¥
ey 0.008 mol/L. H,SO,
wn
S 12¢
ge}
+
()
E 1.1+
=]
O
1.0 1

0 60 120 180 240 300
Time (s)

Fig. 3 BflRILIR: O B A B DZAL

_24_



A EAY 135

]

£

[}

£

2

g

pt

=

2

n

L 1 ! 1 1 1 1 1 H
472 470 468 466 464 462 460 458 456 454 452 450
Binding energy (eV)

]
E

5]

£

2

g

E \

0
1 1 J

885 880 875 870 865 860 855 850 845
Binding energy (eV)

Fig. 4 ASb®»Fu—2a~xz7 k) :Ti2p (k) & Ni2p (TF)

WETIIZHETH - 72 (p<0.05),

1,000ppm @ NaF % & & pH 36 DB BB DO A,
Ti & Ni OBEHEOHE RS Fig8la/Rd, 7272L, 4/
OBV R LERDI B, 1MIIRFEMEERLZ2D,
keI CTHER DR, REMEZEHL, n =3 TREML
Hafio7ze TIOBEHEZILEKT S &, NA-3IE, AS3
BLUSO3 LY KEMNoTe T/, NiGHEZ KT
5%,S0-31F, AS3BIUNA3 XD /WE Dot —H,
NA31x, AS3 LW K&ED o7 LT, COBE
BT, H,S0, TR 17 - 2B o
M, BRICNIBHEIY 2272 (p<0.05),.

1,000ppm ® NaF % & & pH 44 DB EHEBR DG A,

(1) g0 1 (e r
/Ox1de film

70F Ni2p : 846~881 eV

Atomic concentration ( % )

0 10 20 30 40 50 60 70 80
Sputter depth (nm )

(2) 90f _ Oxide film
8of

70F,

60} ¢

ol Ni2p : 846~862 eV

40F & / Ti2p

30F ‘ v'faw\“{/

20F |

Atomic concentration ( %)
)
1
!
]

1
1
\
\
/
\
1]
1
1
1
'
1]
1
1}
LY
\
y
\

1
10 i R Ols .o
1

0 10 20 30 40 50 60 70 80
Sputter depth (nm )

Fig. 5 Ni2p DT A NF—MEIZL > TEILLZASDD
XPS F7ATFa 7 74V

Ti & Ni OEHEOM B Figd 1IR ¥, TinEHEs
Wi 5L, NA4Z, AS4B XS04 X ) bEFhic
KEDPoTzo NidAHEZIKT 2L, SO41%, AS4 B
XU NA4 OBEHED 1/2 LTI L7z,

BRI O KRR OB OIE S 2 KD 5 729,
XPSFFATOT7 74 Ve KDz, TDOMEF% pH 36
Y& % Figlo (1) ~ (3) I, pH 44 0¥& % Figll
(1) ~ 3) TR T. WTFhoied, BbgiEd i,
Ni OFFHREZ Ti OFRFIREL D% ) /M E o7z,

Figl0, 11 2°5, KRBOBILEEE X %Ko, Z0
MW %E Figl2 I2R L7z ZORIZBWT, 3>
ftiix pH 36 IIZIEE, A 3 Do0fIE pH 44 1ZiREE
DBALWIEE L 2R F, pH36ICBWT, AEEDD
LHABEDLELD LD, ZHICKEREVIZEN S 72,
$7:, pH 44128\ TIE, AS4 & NA4 OFRAL#EE
KIXFIEEFA L 5720 SHISHL, SO-4 DB LHERIE
X3 AS4 L NA4 DR 15 TH o7,

_25_



136 ik A2k
(1) oo

8o}
70F,

P Oxide film

Atomic concentration ( % )

0 10 20 30 40 50 60 70 80
Sputter depth (nm )

(2) g0
Oxide film
80F
0r
I ‘-"-.:*-f-*‘;..«?'“

Atomic concentration ( % )

10F

0 10 20 30 40 50 60 70 80
Sputter depth (nm )

(3) 9o
80}
70|

o Oxide film

Atomic concentration ( % )

0 10 20 30 40 50 60 70 80
Sputter depth (nm)

Fig. 6 XPSF7A7a77A):(1) ASh, (2) SO-b, (3)
NA-b

€5 =]
1. BHEABRIOZSHBOBLRIEER &

H,SO, i TR kAL L 7230k (SO-b) DMLk
JEE 2 13#33nm TH Y, AFOF ol (ASb)

40(2) : 2010

DR 8 %, NaOH & TR b L 7230k (NA-b)
DR AETH -7z (Fig?o SO-b DERMIZHRBEEL
TBY, ZHIEE 25~ 40nm @ TiO, BALBEIE A D
THICE o THEBICAZDLEVIHEY L—FLTw
%o NAD OBAEFH 8nm Lk SN, £ BIRHE
bIWKAEIEE SNz, 202 EIZERLEAS 10nm & 1
WSS THESZDONLENY 2 EFFLEV,

BEALFIIBW T, L3P bow (G 2WED
BRAER T 2WEORLE) 388 L ERE IS
%, &w9 Faraday DFEHIARH SN TS, TOFEER
TIHBEBEZ —E L L, HSO, &P & NaOH & T
FLEREETHLILAMHRALTVDLOT, ST
LBALBIRIE S IZE L WS e TR EN, L2 Lad
5, Fig7 o055 L)1, WHPIImEHT Tcomg
LB SUHEWD D o 72 T OJERITEBERICIAEL
7oA, DF Y IKROBLRGRICE RO ANEE S
NTW/7edThHb, LhL, RERTIE, TA%ELEE
BT RizD, BALHIKE S O 2 B4 1) 2 2 &1
LRI TE L o7

2. BHABRZOSZHAMOBRILHIEE &

ATD T T 0RE%Z pH 3.6 DIF RIS 2 FEREIE
L72#BDOXPSF7A7a7 74 V% Figl3 lamd, &
DEAFIBEFIRNCH B720 Y, B ORI ASE 4
BB L TWA EFHEIN, Z0%, KEIIHTHER
ENZ-HRBEWES RS Twbd, ZORE Y R
b SN MALHEEIE £12 23 = 02nm Th o720 RIS
tL, Fig7 lRL72E912, AFOF T0HFE (AShH)
DOMALHEIEIE 12 40 = 05nm TH Y, HRMBILHIKD
K2 Thotze THIE, ASH ORLHEIE X HRMEAL
BT <, ZOBEGORERIL T SO (3
W L) BTN IAEREERL TS, o2 eh
LHABMICIERLLEEZEZONAGBIEHNITIZ A YT
HoTh, HA—N—OWBIFETHRALHIBIE S 128N
AL, ZOMRKE, WX TEERHIRL S 17)
EHEEINTAZEEFELEWY,

BINABRICBIT2ERABOXPS TTATT 7 74
ViZ Figl0, 1112/RENTHY, SO4 2kE, Zhb
DAL BEEE 213 23 ~ 28nm ThH o720 ThiF, Wi
D B ORALBIEASSE AT IR U 7258, AR L
PREAPFTERINEBREEZOND,

—J, H,SO, i Crhatiig b L7-3k (SO-4) o
EBEEE S 138 4nm TH Y, oFMEI D) AEICK
EVWZ Lo ol (p<005), T2, BFHE~A 70
TFIAF =<y ¥V THME T 2 TMERT, B
WIS & 2 BILBE IR XS4 —CTh 5 2 & DR S
NTwb, ThoZEbETEETHE, SO4 T,
BRSPS I ERATE L T B 2 LAY

_26_



Amount of dissolved Ti (pg/cm?)

Amount of dissolved Ti ( pg/cm?)

AR EAY 137

*p<0.05 n=3
or *
1

E : :
5 40} r a1 -
£ 30r
=
<=
-+~
£ 20r
=
[
=]
‘% 10
©)

0

AS-b SO-b NA-b

Fig. 7 BT O & B OB LHEIE &

n.s.: no significant, *:p < 0.05 n=3 n.s.: no significant, *:p < 0.05 n=3

30 30

251

Do
S]]

20 +

1\
(=]

15¢

—
ot

101

Amount of dissolved Ni ( pg/cm?2)
—
o

ot

AS-3 SO-3 NA-3 AS-3 SO-3 NA-3

Fig. 8 pH 36 OBEBFHEH~OEHE  Ti () & Ni (H)

n.s.: no significant, *:p < 0.05 n=4 n.s.: no significant, *:p <0.05 n=4
101 10
*
B ~
8 | — ?, 8t
n.s. >
=,
6} Z 6l
o
>
=]
2
4 B4t
3
-
=
3
2+ g 2t
0 0
AS-4 SO-4 NA-4 AS-4 SO-4 NA-4

Fig. 9 pH 44 OEEGEHED~OBELE  Ti () & Ni (F)



138 B AR

(1) 9o
80
0k

_ Oxide film
A

60} .
50}

Atomic concentration ( % )

40 B L N A Pl el \_—\,"\l/
A Y Ti2p
20f 5
10+ ‘;.' ot OlS

0 5 10 15 20

Sputter depth (nm )

(2) g9
80
70,:

= Oxide film

60 - NiZp;,
50F

40} I P

30 ;I..,,‘\,"- » ‘:_»\vr\/“’ - Ti2p

2 O B e

Atomic concentration ( %)

(=]

0 5 10 15 20
Sputter depth (nm )

(3) 9o
80
70:

= Oxide film

60}, Ni2p,,
50F

_____

40F N A A
: ~ .
I N Ti2p

Atomic concentration ( %)

0 5 10 15 20
Sputter depth (nm )

Fig. 10 (1) AS3, (2) SO-3, (3) NA3 ® XPS 77 A7
774

EINDo

3. BALHMIREDOR S LiEE

AFoF TR (AS-b) &, Figd ® ERIRL7Z
X991z, A%y FRER 043 GRER) DARZ MVICB
WT, AT AT — 4588eV OALEIZ, TiO, \2)R)E

40(2) : 2010

1
(1) g0 _Oxide film
A

[ >A B =2}
oS o O

D W
(=]
T

Atomic concentrarion ( % )

—
(=}
T
@)
[
w

(=]

Sputter depth (nm )

~
(V]
~—
©
(=}
1

A/:}/Omde film

3 o®
oS O
AT

Ni2p,,

(=]
T

%, S =r)
S O
T T

—

AN PRV, S S e
-~ - N7 .

A Ti2p

——Ne )
s

N W
oS O
T T
\
]
1
i
i
\
\

1
{
’

Atomic concentrarion ( % )

—
(=}
T
'
@)
—
[}

. T i, .
0 5 10 15 20
Sputter depth (nm )

(=]

~
w
~—
<©
o
1

A/', Oxide film

a9
oS O
T | T

NiZpg,

(=]
T

(=}
T

~~~~

A Lol AN
’,--\""-—’ L) NN

NiaSad Ti2p

o
\

\

’
<

4

<

>
1

=]
T

Atomic concentration ( %)

= DN W ks Ot D
(=)
T

(=}
T
i O
T =
w

. d . e o :
5 10 15 20
Sputter depth (nm )

(=]
(=)

Fig. 11 (1) AS4, (2) SO4, (3) NA4 ® XPS 77 A7

774N

T2 — BT 5o UKL, 15570 Ar 278y
FLRBED AR PIVIZBWT, fH IR F— 4546eV
¥ — 27BNz, 2O¥—21% TIODOY—2Thsb
455.1eV® L 48 Ti O — 27 Th 5 454.1eV™® oIz
AT B, 2O END, 15450 Ar 2%y 7 PFETIX
&/ Ti & TIILMASRAEL TV B Z LI NS,

_28_



ENEY/ ) 139
n.s.: no significant, *:p <0.05 n=3
E 4 - n.s. - - : 1 T r - 1
a * n.s T
) r il -
£ sl . .
2 : L : *
2o [F
<
g
0
AS-3 SO-3 NA-3 AS-4 SO-4 NA-4
Fig. 12 #HEEZO KX OMALHIEE S pH 36 (2iRE (A 34A) & pH 44 12RE (il 34)
727U, TIO C Ar 289 #2479 L, Ti b O A5y NaF % & G B EHoDc 513 250 Ti ot &M pH 42

FEROFEWP D, O PEPUWIZIY B2, TiO, 25&
TENS TLO, R TIO L DY — 7 BB 2 Z & A5
SNTW3 Y, Zm7=%, Ar A%y ¥ i OIREET TiO
WEBICEEL TVLE0E) DEARHTH 5,

F72, Figb (2) TRTLHIC ww&ﬂﬁ@%ﬁﬁ
#10nm X Y WERTIE, Ni @)?%ktfwaot% 15% T
Bolzo Ni DLFEREEREIL, 8527eV ICE— 2 b3 B
TEMSY EERNIEEZ LN, ZHIZHEmBILI
Lo TEREINBILEEOE X DRE —~TH L7720
BALBEE O WERAL T, THIOEE Ni B ShTw
LEEZOLND,

Thbh, BICEEORS X, £ToRRIIBWT
TiO, THh Y, 4B Ni OEHF I RD o7

4. TiO, BLARIE O AR

E<HISNTVS XIS, #Ti REOMLwEOE
43 TiO, THh 0, —MIIZER 22T M %R,
LA L, HF OfET CiaEksLbh, BRTs2E
PHSNTWE, ZOTFE LT, TiROSKAIRE
XhTns Y,

TiO,+4HF — TiF,+2H,0

NaF % & T\ pH OBREE T Tid, BALBIE O %%
o, F AL+ IZEkoTTid%<{, HF 5 +i2X o T
Bnshs . HR i, WP OF A v H A4 >
LREEGTHIEIZL-oTHELSD, pH METFT 512
ONT, A4+ vaEPHEML, FALVEXR—-ETD
HF 234013 %, 1,000ppm @ NaF % & ¢ pH 44, pH 4.3,
pH 42 OFRERMEERTIZE 5 HF ORI, £hth
130ppm, 21.0ppm, 27.0ppm THh 5 L MEXhTHY ?,
ESIZpH AMET 95 &, HF OEF S S ICHNT %
LEZOND, F/FXET, HTi O EMEIHER S
N5 FERoHF EE X 21.0ppm TH Y, 1,000ppm D

DTFThRbIDEHRESINTYS Y, NiTI 54 % 308
ELARERD BB K 5 1E TIO, TH 5720
1,000ppm @ NaF % &t pH 3.6 DS EEHE %2 H V7288
HEBRTIE, BIBEOBMRREZHEICETLZEEZD
N5,

5. Ti&ENIiDBEHE
Fig8, 93 HMMBROMEZRL T b, TikE

2B L, pH 44 OEW TIIBEMERIL 2 & D&M\ 0
HoF, WTFhoRETYH, pH36DHEEDH 1/ 3T

Holzo —H NiEHEIZE LT pH 44 O¥i& % pH 36
Gz E, AFOF F L NaOH W TR

72 ETIER 1/ 3TH o 7245, H,SO, B Thati
MALL7-AB T3/ 7EREREVERLE, T4
bhH, pH36 TIZWTNOGETHBRHENELL, &
EBROBGBBILOHFPTIE, WEEIUETE2WIIFE
WEE R THLER DN S, 2L, 1,000ppm @
NaF % &CRBIEEhIc B 24 Ti o &1 pH 4.2

Oxide film
8ot ‘/.V

70.-"

901 i

60F =,
50f %
T Y N oo
30p"™

20} _.
w0 /1

A, -
~omamt S oo

LIV

Atomic concentration ( % )

(=]

Sputter depth (nm )

Fig. 13 AF0 T Tk % pH 36 O EAETIC 2 BEfR
ELZEEO XPS 7 AT 77 4 )

_29_



140 B AR

PDFChbisd, EWIEMEY &—31L7,

%7-, Fig8, 91Z2oWT Ti& NioEhEZLET S
&, pH 36 CIRARKE D Ti & Ni ZFAMRETDH - 720
o pH &fETid, BHEDOIFEALNTHAEEHEKT
DY, BALBIERED Ti DRPL RN EZRLT
Wb, pH 44 T, AFDFEF (AS4) & NaOH H T
Fai e fb L 7= 50k (NA4) (CBIL Tid, Ti& NioE
HEIZIFER L ThH o720 ST L, HSO, i<
Bt AL L 723808 (SO-4) &, NimHED TimHEIC
HRTERLTEY, F A4 YHFAETOpH 44 TIENi
BHEOBMDICHG TE LIS OB A ST
W5 EDGH B o H,SO, W TRy RRAL L 72508 T,
COXHITNIBEHEIWA LA, NixdlZEAL
EF 2 WEW TIO, OB AR S v (Fig7), BEMD
B oThH, WRO—IMIKMAL, THEEOHEMH LI
flL Wizt EL b5,

6. KRHEDEEKRN L EE

Watanabe & O Tl, 2590ppm M NaF # & 1)
Yo 2 T o Mm% A6 A, Nupro APF &
Florentine III ® pH fiZMEL7/-& 25, ZhEFN 39
L35 THho72Y TOX)REWHBAANEHNTT v
FRATRATORS, WETIIHRAH 30 FEEEITL 2w
CEMPBRFHIENTV S, ZORM, MEREIZ X SRR #%
BT, pHIZLZ2WIZEAT 2 EE 2 51555, NiTi
RBIEM T A Y 2355 L 72 BEOYE, AT HIC AN
ZEOBEMABE FROBENRI ), NiEHIEES
n5s,

F72, HEARIIBWT, #EoEIUZ X OFEN pH
M=K TFT T2 M5 TBY, FEBRHICD
10% 7 N B coidtk, 79 —27 0 pH "B L Z 47
FTEFL, ZOIREDNS ~ 10 5 MEkT % &S
NTwb 2, Zol, 7 v ZHEBEO W 7 v
1ILWEHOWEA 7 E12X T, NiTiBEHATA Yk
T, HAREDORED 7 vWHIEET I, PLT
DAL BT A2 LD BESIN S,

Ni 7LV —%5| &k I3 Ni OFFFREEE, ST
£ 5 & 600~ 2500ug/day THDH P, 72, NiogEH
IR, 300 ~500ug/day THB Y, 74 YDOES
T EBHE THE TR 28cm 122 5 DT, A1 HES
N7RERZL LI, UTOX D ICE&H % Ni mHEHS
RKDBHNS, pH 36 DR EBERIC 1 REFRE L 72,
AFDT T :160ug HSO, T THMERIL: 130ug,
NaOH H CTHAsEE L : 180ug TH Y, pH 44 DIFEE
WS 1 RERRE L2, AToEF 1 44ug HSO,
RCHmEEAL : 18 ug, NaOH H CTRtiEg{L : 5Slug T
Hbo TOFER, pH 36 DIFAERIC 1 BFEIRIEL 72
FoEh eI E, AFHENEE L T500u g/day &

40(2) : 2010

s % &, RKEREBICA2DST, NiTLIVF—%
BIETAWREND L EEZ DML, TN L, pH 44
DEEEE T OFEMOF R 2SR 2 2R D 1,
Bz X 3R LA a e 58, AF0T T :
120 g, H,SO, HCTIHHIEEIL :50ug E AED 6N, &
FERE & LT 500 g/day 2N LT, H,SO, T
Bl L7234, Ni 7 LoV — O35 sH A i fe &
ns,

Ni-Ti 74 ¥ 25O NUAHEIZHE T 2 5% OO TS
mME LT, AR Z2HEEE S E-oBEREnE L, %
BOOBENTORESMTOREH 2 LU E BbN s,

(& ]

AP O/ ONTERMERIEILTOLEBEY TH S,

1. BRI HSO, B % Hw CHBmgIibz1r) &,
NaOH #7236 O 4 f5 D)8 & @ TiO,
DR E NIz,

2. 1,000ppm ® NaF % & pH 3.6 DB EHEH A T,
AFOETORES, BBERILL-HEOBELZH
35 EIETE D)o,

3. 1,000ppm ® NaF % & pH 44 OB EHEHR A TIE,
H,SO, il i TR AR L L 723084 5 o Ni i =
X, AF0F F 0K NaOH i Tzt
L72AE2 5O NIEHED 12U FThole Z
L, BrBERLIC & o THE AR S 7z TiO, Bk
DO—FIERAETH LT, THAEEOREZ I L
TWwWilhbtEz oMb,

4. ARBFEICE Y, BHEETIT 2 5 LB 20 ML
MIZXoT, NiTIHIEH 7 A Y250 Ni Ol
DIRIBICHIHCTE 5 2 AR E NIz,

€ 29

KT H 720, Aiea Ay @Y RT 3L 2
5 ZTHWESF—UEBIRITRCEH LT 3. K
KRB, A EBED S BMERIC D5 THEE W
EFE L7 T2, BBOGHICBWT, Sl Mk e
ARIEZRIG, JCHAMTE MR AR e o RICKE Bt
WY FLe 72, XPSICX B0 T, FEBMA
RIHEBLAZWIH 2 W72 &3 L. HER#HW
LET,

(& % X #k]
1) Craig RG, Powers JM. Restorative dental

materials, 11th Ed., Mosby, Missouri US 2002;
pp.504-506.

_30_



2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

ENEi=/ N

Firstov GS, Vitchev RG, Kumar H, Blanpain B,
Van Humbeek ], Surface oxidation of NiTi shape
memory alloy. Biomaterials 2002; 23: 4863-4871.
Watanabe I, Watanabe E. Surface changes
induced by fluoride propH ylactic agents on
titanium-based orthodontic wires. Am J Orthod
Dentofacial Orthop. 2003 Jun; 123 (6) : 653-656.
Nakagawa M, Matsuya S, Shiraishi T, Ohta M.
Effect of fluoride concentration and pH on
corrosion behabior of titanium for dental use. ]
Dent Res 1999; 78: 1568-1572.

Egusa H, Ko N, Shimizu T, Yatani H. Suspected
association of an allergic reaction with titanium
dental implants: a clinical report. J Prosthet
Dent 2008; 100: 344-347.

Chien CC, Liu KT, Duh JG, Chang KW, Chung
KH. Effect of nitride film coatings on cell
compatibility. Dent Mater 2008; 24: 986-993.
Minang JT, Arestrom I, Troye-Blomberg M,
Lundeberg L, Ahlborg N. Nickel, cobalt,
chromium, palladium and gold induce a mixed
Thl-and Th2-type cytokine response in vitro in
subjects with contact allergy to the respective
metals. Clin Exp Immunol 2006; 143: 417-426.
IR, TR, AR, SRR L &
fiti L 72 Ni-Ti IIREL R A & 0 R 4HE & &k o
A, #FE 2006; 55: 965-970.

Yao C, Webster T J. Anodization: a promising
nano-modification technique of titanium implants
for orthopedic application. Nanosci Nanotechnol
2006; 6: 2682-2692.

Ren CC, Bai YX, Wang HM, Zheng YF, Li S. PH
ase transformation analysis of varied nickel-
titanium orthodontic wires. Chin Med J 2008;
121: 2060-2064

Homma K, Watanabe K, Okawa S, Kanatani M.
Anodic oxidation of Ni-Ti orthodontic wire in
different solutions. The international dental
materials congress 2007 Bangkok, Thailand;
Proceedings: 299.

Homma K, Okawa S, Kanatani M, Watanabe K.
Corrosion of anodized Ni-Ti orthodontic wire in
acidic solution containing fluoride. J J Dent

_31_

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

141

Mater 2009; 28: 123.

Petoumenou E, Arndt M, Keiling L, Reimann S,
Hoederath H, Eliades T, Jager A, Bourauel C.
Nickel concentration in the saliva of patients
with nickel-titanium orthodontic appliances. Am
J Orthod Dentofacial Orthop 2009; 135: 59-65.
FEEHRS, HEZR, H = XEORE o0,
B, AEHRAH, HA, 1998 pp.181-184.
ChuCL Wang RM,Hu T, Yin L H, PuY P,
Lin P H, Dong Y S, Guo C, Chung C Y, Yeung K
W K, Chu P K. XPS and biocompatibility studies
of titania film on anodized NiTi shape memory
alloy. ] Mater Sci:Mater Med 2009; 20: 223-228.
Velten D, Biehl V, Aubertin F, Valeske B,
Possart W, Breme ]J. Preparation of TiO, layers
on cp-Ti and Ti6Al4V by thermal and anodic
oxidation and by sol-gel coating techniques and
their characterization. ] Biomed Mater Res B
Appl Biomater 2001; 59: 18-28.

Huang HH. Variation in corrosion resistance of
nickel-titanium wires from different
manufactures. Angle Orthod 2005; 75: 661-665.
Chastain J, King RC. Handbook of X-ray pH
otoelectron spectroscopy. PH ysical electronics
Inc. Minnesota, USA 1995; pp.72-73.

AR 5. XPS A7 M VELICENS A F V]
B & 2 &m0 B Kby 2004; 25:
198-204.

Chastain J, King RC. Handbook of X-ray pH
otoelectron spectroscopy. PH ysical electronics
Inc. Minnesota, USA 1995; pp.84-85.

Boere G. Influence of fluoride on titanium in an
acidic environment measured by polarization
resistance technique. J Appl Biomater 1995; 6:
283-288.

W o, HHACTLSEME, 4 BH, VOA B 4 7 A b
Thhr B WFHES O, #1M, AKEE)NE H
A, 2007; pp.340.

Huang HH, Chiu YH, Lee TH, Wu SC, Yang
HW, Su KH, Hsu CC. Ion release from NiTi
orthodontic wires in artificial saliva with various
acidities. Biomaterials 2003; 24: 3585-3592.





