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SR-3Mo( )"
SR-50A ( ), SR-6DX (
)%, Super ferritic(
) 4
Table 1
Fe-18Cr- 12Ni
316L
1.
316L
. 316L 1090 60
15 mm, 5 mm SiC
100 grit 2000 grit
T able 1. Classification of stainless steel used in this study
Alloy Microstructure Nickel
contents(%)
SR-50A Super - Austenitic Stainless Steel 21
316L S.S. Austenitic Stainless Steel 12
SR-6DX Super - Duplex Stainless Steel 7 8
Super ferritic Super - Ferritic Stainless Steel 2 3
SR-3Mo Super - Martensitic Stainless Steel 0 3




(EDS, Energy Dispersive

Spectrometry, Superdry model, Kevex, USA) Fe, Cr, Ni, Mo, Si, W
3.

Cu target Kau scan range 30 90 , scan
rate 4° /min X- (XRD, X-ray Diffraction, D-Max Rint 240

model, Rigaku Co., Japan)

4.
(MXT-a
7E model, Matsuzawa Seiki Co., Japan) 1000 g 5
5.
Table 2
1
37 10 /min
30 bubbling , 10

T able 2. Composition of artificial saliva

Composition Concentrate(g/1)
NaCl 0.40
KCI 0.40
CaCl.- 2H.0 0.80
NaS 5H:0 001
CO(NH2)2(Urea) 10
Distilled water 1000 ml

* formulated by Indiana University



Potentiostat (Model 263, EG&G)

(auxiliary electrode) 2
(counter electrode)

. -600 mV

(saturated
10

150 mV
1 mV

3
. 100 ml
100 ml ,
Tech, IB-600 M Incubator, Korea)
4 ,8 5 ml

37°

, Corrosion cell

calomel electrode, SCE)

C

, (ppb )
(GFAAS, Graphite Furnace

Atomic Absorption Spectroscope, 6601 model, Shimadzu Co. Ltd., Japan)

4 agar
ethylene oxide gas

(NPG, Albadent Co., U.SA))

10 .a-MEM
3x 107
10 ml 24
o -MEM 45 50" C
petri dish 30
Neutral red vital stain
30

1
Polyethylene
1 10
L-929 cell
90 mm  petri dish

Eagle's agar medium 10 ml
. Eagle's agar medium
10 ml



377 C,5 % CO; 24
Petri dish Zone index
inverted phase contrast microscope(CK2, Olympus, Japan)
lysis Lysis index . 4 Zone index
Lysis index Response index (T able 3) . (Response index =

Zone index / Lysis index)

paired t-test

Tukey's studentized range test

T able 3. Table of response index

Index Description of zone

Zone index
0 No detectable zone around or under sample

Zone limited to area under sample
Zone not greater than 5 in extension from sample
Zone not greater than 10 in extension from sample
Zone greater than 10 in extension from sample,

but not involving entire plate
5 Zone involving entire plate

A W N R

Lysis index

No observable lysis

Up to 20% of zone lysed

20 - 40% of zone lysed

40 - 60% of zone lysed

60 - 80% of zone lysed
Over 80% lysed within zone

aa b~ W N - O




EDS Table 4 . SR-50A
, 316L , SR-6DX, Super ferritic
, SR-3Mo

, SR-6DX  Super ferritic

XRD Fig. 1 . SR-50A,
316L . (1112),
(200), (311), (220) (111) . Super
ferritic , (110), (110), (211)
(110) . SR-6DX

SR-3Mo

Table 4 . Chemical compositions of stainless steel(in % by weight)

Fe Cr Ni Mo Si w N
SR-50A Bal. 23.19 2097 6.56 156 - 0.25
316L S.S. Bal. 17.94 12.21 3.18 0.18 - -
SR-6DX Bal. 26.51 7.65 241 04 318 025
Super ferritic Bal. 28.01 2.89 291 0.12 8.58 -
SR-3Mo Bal. 15.12 153 501 113 - 0.10
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T able 5

316L ,
SR-3Mo
Fig. 2
. SR-50A 1 /cm®
316L 3 4 /cm® , Super ferritic
20 /cm? SR-6DX 250 /cm?
SR-3Mo (3000 /cm?)
SR-50A, Super ferritic, SR-6DX
, 1V vs.(SCE)
316L 380 mV
, SR-3Mo 75 mVv . Super
ferritic SR-50A ,
20
SALIVA
18} SAE0A ra
S5321561
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1ok Slarsitic ¥
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Fig. 2. Anodic polarization curves of stainless steel in artificial saliva.



T able 5. Microhardness of stainless steel

Alloy SR-50A 316L S.S. SR-6DX  Super ferritic SR-3Mo

Microhardness
268.80+ 16.02 227.08+ 6.05 309.60+ 4.52 263.02+ 6.16 646.42+ 8.07

(Hv)
Table 6
. SR-50A
, 316L SR-6DX
. Super ferritic 8
, 2 4
(p < 0.05) (Fig. 3).
SR-3Mo , SR-3Mo

Table 6 . Cumulative release of nickel in artificial saliva and Level of
significance of the difference in the increase for nickel release
between the time of immersion

Time of SR-50A 316L S S. SR-6DX Super ferritic SR-3Mo

Immersion Mean + S.D. Mean + S.D. Mean + S.D. Mean + S.D. Mean + S.D.

1 day 2.48 £ 0.99 345 + 0.53 263 = 0.30 105 + 0.06 141 + 0.63

3 day 256 + 0.76 337 + 0.41 247

I+

0.30 181 + 0.28 193 + 0.37

1 week 271 = 0.80 336 + 0.65 249

I+

0.35 205 = 0.44 505 + 1.79

2 week 298 + 0.35 350 + 0.76 244

I+

0.26 205 = 0.37 589 + 2.49

4 week 307 £+ 0.63 368 £+ 0.91 282

I+

0.16 257 + 048 * 6.78 £ 2.03

8 week 294 = 0.27 354 + 0.67 265

I+

0.47 288 + 0.35 764 + 1.66

Significance determined by paired t- T est,
* Statistically significant, p < 0.05.



Table 7

1 3 316L Super ferritic, 316L
SR-3Mo , 1 SR-3Mo
Super ferritic , 2 SR-3Mo SR-6DX, SR-3Mo  Super
ferritic .4 SR-3Mo
(p < 0.05).

Table 7 . Level of significance of the difference in nickel release
between stainless steels according to the time of immersion

Stainless steel Time of Imm ersion

lday 3day 1week 2 week 4 week 8 week

316L S.S.
SR-50A SR-6DX
Super ferritic
SR-3Mo * *

SR-50A
316L S.S. SR-6DX
Super ferritic
SR-3Mo * * * *
SR-50A
SR-6DX 316L S.S.
Super ferritic
SR-3Mo * * *

SR-50A
Super ferritic 316L S.S. * *
SR-6DX
SR-3Mo * * * *
SR-50A * *
SR-3Mo 316L S.S. * * * *
SR-6DX * * *

* * * *

Super ferritic
Significance determined by Turkey's Studentized Range T est,

*Significant at alpha = 0.05
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Fig. 3. Cumulative release of nickel from stainless steels.

Agar overlay test Table 8
none - mild '

SR-50A  SR-6DX SR-3Mo

Table 8. Cytotoxicity of stainless steel

Zone Index Lysis Index Response Index

SR-50A 00 00 o0 none(-)

316L S.S. 0 1 o1 mild
SR-6DX 00 00 o0 none(-)

Super ferritic 0 1 0 1 (VN mild
SR-3Mo 11 1 2 V2 mild(+)

Positive (NPG) 2 4 4 4 24 M oderate(++)

Negative(Polyethylene) 00 00 o0 none(-)

- 12 -



1980

SR-50A (

cracking), ,

SR-6DX (

10 %
, 5 %

Super ferritic(

7)

(super stainless steel)

12)

5)

6)

13

5)

)

23 %

6 %

(synergistic effect)

(316L

(stress corrosion

100

Fe-29Cr-4Mo



SR-3Mo( )

HCl
4).
EDS , SR-50A
(2097 %) 316L (1221 %), SR-6DX(7.65 %), Super ferritic
(2.89 %) , SR-3Mo
(153 %).
) SR-6DX
Super ferritic g
o -
6 - 17)
34 912
4).
XRD X- (peak intensity)
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18)

, SR-50A

316L . )
(solution hardening)
. Super ferritic SR-6DX 316L
, SR-3Mo
4)
miniscrew
19)
20,21)
, oxide film sulfide film

(passivated layer) '

17)

, SR-50A, Super ferrite, SR-6DX
SR-50A

. SR-6DX
, 250 /cm’®
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& SR-50A  Super ferritic

316L 380 mV
. SR-3Mo
17)
18 20 % 8 12 %
50 %
NiTi v ,
22) )
229 Lugow sKi
25)
: 2 Maijer

Smith®®

, , galvanic corrosion,

27,28,29)

30,31,32)

33,34)
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35)

24 36)

miniscrew 3

. Schriever®®

10 mg

42)
l

39,40,41)

. Grimsdottirs

(Graphite Flame Atomic Absorption Spectroscopy)

43)

contamination

contamination control

44)

Super ferritic

SR-50A SR-6DX, 316L
. SR-50A
2
. SR-3Mo
153 %

Super ferritic
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37)

ppb
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20 25
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45)

46)

) screening

47)

Interference Reflection Microscopy (IRM)™,

Tendem Scanning Reflected Light Microscopy (T SM)* ,

49)

L- 929 cell agar overlay test
, SR-3Mo

none mild

SR-3Mo

miniscrew )

¥ 1983  Creekmore™
vitallium screw
, 1999  Umemori®” miniplate

miniscrew
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miniscrew

bone screw

self-tapping type

miniscrew

screw head

loosening

miniscrew

miniscrew

screw head

screw head

screw head

miniplate

14,15)

miniscrew

screening



SR-50A

screw form
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3. SR-50A

ferritic

NiTi

316L

SR-50A

SR-6DX, 316L

SR-3Mo

TMA

316L
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Abstract
A Study of the biocompatibility of

orthodontic super stainless steel

Kum-Jin Kim
Department of Dentistry, The Graduate School, Yonsei University
(Directed by Professor Young-Kyu Ryu, DD.S., M.S,, Ph.D.)

Various kinds of orthodontic appliances and materials have been developed for
ideal tooth movement during orthodontic treatment. The orthodontic appliances
made from metal are band, arch wires, bracket, and miniscrew as orthodontic
anchorage. Generally, materials of these appliance are stainless steel, pure
titanium, Ni-Ti and TMA with the proper biocompatibility. However, localized
corrion of these materials can frequently occur in the particular environment
like human body. Super stainless steel, recently developed, has excellent
corrosion resistance to reduce metal ion release induced by localized corrosion.
This improvement is due to the enhanced passivating layer by the synergistic
effect of high concentrations of nitrogen and molybdenium. According to the
result of previous study, super stainless steel has corrosion resistance which is
better than conventional stainless steel and also as good as titanium alloys, and
has higher physical properties and formability than titanium alloys.

Recently, it has been reported that nickel ion release from orthodontic
appliances affect the prevalence of nickel sensitization, However, there has been
some controversy about nickel hypersensitivity to orthodontic appliances
containing nickel.

The purpose of this study was to evaluate and compare microhardness, nickel
ion release, corrosion resistance, and the cytotoxicity of 4 types of super
stainless steels and commercial 316L austenitic stainless steel as the control

group according to nickel contents, and to determine the acceptability as the

- 26 -



new material for various kinds of orthodontic appliance. All metallic specimens
were analysed the phase fraction of surface using XRD(X-ray Diffraction) and
chemical compositions  using EDS(Energy Dispersive  Spectrometry).
Microhardness was measured to evaluate basic mechanical properties with
micro vickers hardness tester and corrosion resistance was evaluated with
anodic polarization test(APT) in artificial saliva. Nickel ion release was
measured using GFAAS(Graphite Furnace Atomic Absorption Spectroscope)
after soaking in artificial saliva, and then cytotoxicity was estimated with agar
overlay test.

The following results were obtained:

1. All super stainless steels showed higher microhardness than 316L stainless
steel and in particular, super martensitic stainless steel(SR-3Mo) showed

especially higher microhardness.

2. In anodic polarization test, SR-50A showed the highest corrosion resistance.

3. There was no increase in nickel ion release with the time from SR-50A,
SR-6DX, 316L stainless steel in artificial saliva, whereas there was some
increase from Super ferritic and SR-3Mo according as immersion time

increased.

4. All super stainless steels showed very low cytotoxicity regardless to nickel

contents, although SR-3Mo showed relatively higher cytotoxicity.

It is concluded that SR-50A among super stainless steels has the highest
corrosion resistance and biocompatibility, so it is desirable to use as the new

material for various kinds of orthodontic appliance.

KEY WORDS: super-stainless steel, biocompatibility, orthodontic appliance.
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