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Study of dissimilar metal corrosion of orthodontic metallic appliances
—Corrosion potentials measured in saline solution—
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Yasuyuki YONEKURA", Hiroki OHNO?, Itaru MIZOGUCHI"

Departments of YOrthodontics and ?Dental Materials Sciences, School of Dentistry, Health Sciences
University of Hokkaido

Abstract

The free corrosion potential of commercially available orthodontic appliances was measured in 0.9%
NaCl solution to assess the galvanic corrosion that can be observed when more than two metallic appli-
ances with different compositions are in contact with each other in oral environments. Eight kinds of me-
tallic brackets, twenty one kinds of archwires, and four kinds of coil springs were employed in this study.
The compositions of the specimens were determined using an energy dispersive X-ray fluorescence ana-
lyzer. The free corrosion potential in the 0.9% NaCl solution at 37°C was measured for 168 h (7 days) us-
ing an electrometer. Comparing the corrosion potential values of the archwires after the 168 h-immersion,
stainless steel wires exhibited the highest (noblest) value, followed by Co-Cr-Ni alloy wires, Ni-Ti alloy
wires, and B-Ti alloy wires. The corrosion potential of the coil springs made of stainless steel and twisted
stainless steel wire was lower (less noble) than that of the stainless steel arch wires. There was a statisti-
cally significant difference in the corrosion potential values of stainless steel brackets with similar compo-
sitions. Single piece type brackets had higher corrosion potentials than two piece type brackets made by
soldering or welding. The remarkably low corrosion potential value of the two piece type brackets suggests
that the contact point between wing and base is a corrosion susceptible site when these brackets are used
in contact with the archwires employed in this study. Considering galvanic corrosion, Ti brackets are rec-

ommended because Ti brackets would be anodic with respect to most archwires and would protect the
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wires they are in contact with from corrosion, resulting in a reduced amount of allergenic metal ions such

as Ni, Co, and Cr ions released.

Key words : Free corrosion potential, Orthodontic appliance, Galvanic corrosion
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Table 1 Chemical composition of orthodontic appliances employed in this study

Toshihiro YUASA el al./Dissimilar metal corrosion of the orthodontic metallic appliances

Alloy appliance propduce name manufacturer | Ni Ti| Fe|] Cr| Co| Mn| Cu | Mo others
Noninium DENTAURUM | 1.8 64.7 | 17.6 131 1.9 [Si(0.9)
remanium DENTAURUM | 8.4 728 | 17.0 0.9 Si (0.9)
wire |[STAINLESS-STEEL ORMCO 8.7 71.8 | 18.1 1.0 Si(0.4)
RESPOND ORMCO 9.0 70.7 | 18.4 12 Si(0.7)
SUS WIRE Sankin 8.8 718|179 1.0 Si(0.5)
STAINLESS Stainless-Steel 3M Unitek 9.1 70.8 | 184 1.0 Si(0.7)
STEEL Ultra-Minitrim DENTAURUM | 9.7 702 | 16.9 12 | 1.2 | 04 [Si(04)
MINI DIAMOND _|[ormMCO 83 71.6 | 15.2 05 | 24 | 0.8 ISi(1.2)
bracket |one pieace bracket RMO 10.2 68.6 | 16.8 05 | 3.2 | 0.2 |Si(0.5)
METAL BRACKET Sankin 9.6 67.71] 17.6 04 | 1.6 1.2 |Si(1.9)
micro arch bracket TOMY 6.3 72.7 | 157 04 | 3.2 | 05 [Si(1.2)
APC Il Adhesive Coated Appliance |3M Unitek 4.1 1090 | 66.5 | 14.7 0.1 | 1.7 | 0.1 [Si(11.9)
MINIATURE TWIN 3M Unitek 39 747 173 03 | 25 Si(1.3)
coil remanium open coil spring DENTAURUM | 8.3 723 )| 174 05 Si(1.5)
spring [Coil Spring ORMCO 134 67.1 | 18.0 1.0 Si(0.5)
AZURLOY ORMCO 15.7 154|194 | 395 2.1 7.0 |A1(0.9)
ELGILOY BLUE RMO 16.6 150 | 19.1 | 40.2 | 2.0 71
COBALT- ELGILOY YELLOW RMO 16.6 15.1] 19.0 | 404 | 1.8 7.1
CROMIUM- | wire |TECHNOFLEX RMO 15.7 153 | 194 | 395 2.1 7.0 |Al(1.0)
NICKEL ELLASLLOY WIRE Sankin 16.8 13.6 | 20.0 | 411 | 1.6 6.9
SPRON BLUE TOMY 17.9 227117398 08 4.0 |Si, Ti(3.1)
SPRON YELLOW TOMY 18.0 234 | 115397 08 4.0 |Si, Ti(2.6)
copper NI-TI superelastic At 27°C  JORMCO 51.3 | 43.5 5.2 '
copper NI-TI superelastic At 35°C  JORMCO 51.1 | 43.6 53
NI-TI ORMCO 57.5 | 425
NICKEL- wire [SENTALLOY TOMY 574 | 42.6
TITANIUM Nitinol Classic 3M Unitek 57.1 | 429
Nitinol Super Elastic 3M Unitek 574 | 42.6
coil NI-TI COIL SPRINGS ORMCO 58.6 | 41.4
spring [open coil spring TOMY 58.7 | 41.3
TMA ORMCO 763 11.0 |AL Sn, Zr (13.7)
B-TITANIUM| wire
Betalll Titanium 3M Unitek 715 11.2 [Sn, Zr (11.3)
TITANIUM |bracket |rematitan DENTAURUM 99.9
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Figure1l Design of working electrodes for measuring corrosion potential.
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Figure 2 Variations in the corrosion potential (Ecorr) with
time for stainless-steel wires in 0.9% NaCl solu-
sion at 37°C.
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Figure 3 Variations in the corrosion potential (Ecorr) with
time for nickel-titanium wires in 0.9% NaCl
solusion at 37°C.
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Figure 4 Variations in the corrosion potential (Ecorr) with

time for cobalt-cromium-nickel wires in 0.9%
NaCl solusion at 37C.
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Figure 5 Variations in the corrosion potential (Ecorr) with
time for B-titanium wires in 0.9% NaCl solusion
at 37C.
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Figure 7 Variations in the corrosion potential (Ecorr) with
time for coilsprings in 0.9% NaCl solusion at 37
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Figure 8 Corrosion potential range for each orthodontic appliance group after 168 hours after immersion in 0.9% NaCl

solution at 37°C. © : Twisted stuinless steel wire
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Table 2 Classification of orthodontic bracket based on structure and corrosion characteristcis.

Structure of Corrosion R "
orthodontic bracket| Potential emarks
(168 h)
1 piece type
P P @ Composed of single material.
Type A +171 ~ +174 | @Exhibited noble corrosion potential.
2 pi . .
piece type @ Made by soldering using gold solder.
Type B @ -80 ~+157 | @Exhibited noble or less noble
corrosion potential depending on
Gold Solder soldering conditions.
2 piece type @ Made by soldering using
silver solder or welding.
Type C fil{i? fi}[I? -145 ~-294
— — @ Exhibited less noble corrosion
Silver Solder  Weld potential.
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T, BI)EREIIAT 2 VAP ZT B BB
LoTid, 79% v bOBEEMNH S 5 FEERE
WFICRI L B REEYDH D (51 TB).

IAVTEENR—- A ERL ) TRELLT
Sy M bW oA » FEEN-AE = B
LTHEEEINLTIry FOBREEMIZ, 1E
— A5 A4 TOT Ty &KL T300~400
mVIZEBRLRBEMARLE (4 7C). Ree
AHE, AFYLAME LKL TUERBMAE
ThHY, WEEIEY. L oT, )56
WBITA5)AEDBEEMA B S NI-HE
B, 797y VOBEREBMNIVREZ72DD L
Exonb. Fio, BELTTI7 v b e
L7zAE, BEARERORFICCoR{tYH®
ML, REREBICCIRZBATEAZ LIZE
> TABENBHEMICALEL 2, BEENM
BRI -7-bDEEZOLNDD, HELTE
BINAT Y VARET T 7 v MIKEEND
i, KRERTIZ 1 EEORGZ AFEL,
FOBERBMEZBE L. 5%, BBEEHLE
B BT ACRZB DA 5 IR
BOTERICELT, EHIIRFETLILEND
5.
DEDHERNPS, AT VAR T I v b
DFEENMIZ, HMHE L THERTEAT VLA
FORS - MO AR ST, 7T v bOFEE
PHEEHEOXEYKELZITHIENVHL D
Eh oz,

3. REAEBEMEROHALLABLERAE
BREBEOHASEORLYM
RPHEEBEMERI, Rio@BOBER
LDEDVEE T & 2o T, BERKISHAIES L
LBETHH. ZOHE, BREMOELERE
BT/ —Firy, BEFPMESNEER, &8
AF VDBEHRENEL kD, Lo T, B
SIEERERMEBE T HEMICTHHAT LY
B2, BEEOBEER/NRICHIZ 572012,

BREMDEP/NSVEBOMEEZERLT
EHTAIENET LV,

Table 3 |ZFig. 8 ISR TAERIZEITVTES
NTAXY =B OoWNIZTaANVAT) T ETT
ro hO&ENME (Ecor (74 YV —, IANR
7)) —Ecorr (774 v b)) ODERXEE
ORI E EOTRT.

l¥—2A5 A TOATF Y VAT T 7 v b

(¥4 7A) 13, AF VAR TIA Y-t
BT 5 EBEBNIRTHS. LIF->T, W
EEMAEDETHERTAL, 777 v MT
= FNeoTREVPMEINSL. LArL, B

BADOEIF2T~12ImVE /RS VDT, ZDOE
BINSWbOEHHSINL., ¥4 TADT S
v FECo-Cr-Nig &7 4 vV — &2 Mlad TE
HALEBEE, TAY—0FBEICL->TTIT
v IT = FEGRYBEVIMESINLGE &
H)—=FehoTTAXY—DBELMET 55
HZohns. LrL, WTFROEBAEIZBWT
b, 7975 e IA Y —DFRBEMNDER,
RATIOOmVEE TH Y, WMEREOHEMIEE
AIET AREIIFNTIEREL B0 LDEE
oMb, $A4TADT T v M ENI-TIEEH
TAY—BLUPTIAER T VY — % MEET
BAIE, BEBUVPETHLTAV-—DOEER
BIMEEINE T —ANIIEAETHA. HIFRY
\ZCu%5.3mass % & A L 7zCopper Ni-Ti supere-
lastic At 27°Cix, BEBMV 7T 7y bLD D
BETHY, 777 v NOBEIFMEI NS, WV
TROBEIIBWTH, ATV LVAFHRETIAY
—RCo-Cr-Nif&# 7 1 ¥ — L FAHICEREM
DEFNSVD, BESEOEMIZL > TR
BAELAMEESNDLZEF VLD EEZD
Na, ¥4 TADAT Y VAR TS v b &
IANAT) 7 (A7 LV AE, Ni-Tid
S8 FEMSETHERLLEAICE, (Vv
AT v S OBEBMNIRL D, FOBED
MEENE, COBSIBREBMOEITLERY
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K&, BEE300MVICHETALI L bH A
Es, AL NVATY) VT ORFENE L IE
ENLEHELH NS,

S LT, ¥4 TCORT Y L AT
Ty NOBREEMIE, BEALOEEDT A
Y — @:4»X7U/ T TR TH Y,
Ty NAST ) — F ¥ o TIEEATINE S 4L
5. AT L AET A ¥ — R Co-Cr-Nifya #
TAY—LHEETHER LSS, BEE
MNOELKELRBLD, 797y POBED
ZLAIMEEINEr—2bHbdbnLEZLN
b, ZOE, 777 v POBEHBLUED
FEECBENRETAZENEZ VLD ETFES
ns.

YA TBOATF Y LABET T v F Tl
BAEICBWTAT v L AT - BB IE I
LoT, 94TADT I v + ERBRICELIE

ﬁ%u’i’Tﬁ“i% L, 8A4TCOT Iy bE
FRRICE 2B REBMN 2RI HE IS, L
2o T, HTAHEMIZE T, RESERE
L BB KRR 5.

Ti#7 77y VOBRENIZ, 54 TADA
TYLVASE TSy b XD $100~200mVid
EHRTHA. Mﬂéé%74¥ %BnAAM
TAY— LA THEBAT ALY Wﬁ@
NOENNEL B0, XT/I/Zﬂﬂ%”
o NEHAETEET ALY b, B )E%%
B ROZEII/NS ., T2, TIEETITT v
NOBEEBMIE, ATF VLV AFETA YR
Co-Cr-NiE &I A Y — BT 5 & 0~200
mVETHLZ b, MEEZMAGHLET
HLZSE, 797y 37/ —F&%oT
BEL, 7A4AV—3hV—FehoTHESN
B, ZOBE, TIEE7S 7 v POBEIZE -

Table 3 Differences in corrosion potential between wires or coil springs and different types of bracket after 168hours im-

mersion in 0.9% NaCl solution at 37°C

Type A

Type B

Type C Ti

Stainless
Steel
Wire

+27 ~+121

+44 ~ +373

+346 ~+587 | +100~+192

Twisted
Stainless

Steel
Wire

-301 ~ -298

284 ~ 47

+18 ~+167 -228

Stainless
Steel -324 ~ -309

Coil spring

-307 ~ -58

-5~+151 -251 ~-239

Cobalt-
Cromium-
Nickel
Wire

-73 ~+60

+21 ~+314

+246 ~ +528 0~+133

Nickel-
Titanium
Wire

-172 ~ +40

-155 ~+294

+147 ~ +508 -99 ~+113

Nickel-
Titanium
Coil spring

-235 ~-81

-218 ~+270

+84 ~ +384 +19 ~+162

B -Titanium

Wire -56 ~-34

-20 ~+217

+198 ~ +431 +17 ~+36

*Positive number indicates that the corrosion potential of wires or coil springs is hihger (nobler) than that of the bracket.
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