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0.016 x 0.022
Remanium (Dentaurum, Ispringen, Germany),
Permachrome(3M Unitek, Monrovia, USA), Colboloy (G&H, Greenwood, USA)
Orthos(Ormco, Glendora, USA)

Table 1
1.
(Vac), (Air), (Ar) 3
, (Fcfurnace cooling) (Wc:water cooling) 2
500 , 6 ,
20 10

Table 1. Chemical compositions of orthodontic stainless steel wires (weight %)

Specimen Fe Cr Ni Si C S Classification

Remanium 71.25 18.75 8.29 1.13 0.11 0.006 302 S.S.
Permachrome 69.17 19.92 9.00 1.56 0.08 0.003 304 SS.
Colboloy 7042 19.71 8.65 0.79 0.08 0.002 304 SS.

Orthos 66.68 19.45 8.79 177 0.08 0.004 304 SS.




1x 10* Torr ,
800 Torr

5 20

X-ray (XRD;
X-ray diffracrometer, D-Max Rint 2400 model, Rigaku, Japan)

X-ray Cu target Ka scan

range 30° 95’ , scan rate 4 /min

(Scanning Electron Microscope, S-2700 Model, Hitachi,

Japan)

Micro
Vickers Hardness Tester(MXT-a 7E Model, Matsuzawa Seiki Co., Japan)
100g 5,9

Table 2

37 10 /min 30

bubbling , 10



Potentiostat (M odel 263, EG&G)

, Corrosion cell (auxiliary electrode) 2
(counter electrode) (saturated
calomel electrode, SCE) . -600 10
, 10
150
1
6.
5cm 30
50m|
6 (IB-600M Incubator, Jeio T ech, Korea)
37 .1 (D), 3 (3D), 1 (W), 2 (2W), 4 (4wW), 8 (8W),
12 (12w) 5ml
GFAAS(graphite furnace atomic absorption spectrometry)
Table 2. Constituents of artificial saliva
Constituent Concentration(g/€ )
NaCl 0.40
KCI 0.40
CaCl.- 2H:0 0.80
NaS- 5H:0 0.01
CO(NH:2)2(Urea) 1.00
Distilled water 1000

* Formulated by Indiana University
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(Hiscope, HIROX
KH- 1000, Micro Hiscope System, Japan)

8.
ethylene oxide gas
(NPG, Albadent Co., USA)
Polyethylene , 12
.a-MEM L-929 cell
3x 107 90 petri dish 10
24
o -MEM 45 50 Eagle's agar medium 10
petri dish 30 . Eagle's agar medium
Neutral red vital stain 10
30
37 , 5% CO: 24 . Petri
dish Zone index ,

inverted phase contrast microscope(CK2, Olympus, Japan)
lysis Lysis index . 4 Zone index

41)

Lysis index Response index (T able 2) M ohammad

Response index = Zone index / Lysis index



T able 3. Response Index

Index Description of Zone
Zone index
0 No detectable zone around or under sample
1 Zone limited to area under sample
2 Zone not greater than 5 in extension from sample
3 Zone not greater than 10 in extension from sample
4 Zone not greater than 5 in extension from sample,
but not involving entire plate
5 Zone involving entire plate
Lysis index
0 No observable lysis
1 Up to 20% of zone lysed
2 20% - 40% of zone lysed
3 40% - 60% of zone lysed
4 60% - 80% of zone lysed
5 Over 80% lysed within zone




XRD 4
y (111) o' (110)

Remanium(79.9+ 28%) Permachrome(76.3+ 2.6%)

Orthos(37.8+ 3.2%)
XRD
XRD

(Fig. 1).

Remanium (456.1+ 14.1Hv)
Permachrome(479.7+ 17.7Hv), Colboloy (522.6+ 10.1Hv)

+ 33.0Hv)
04%
Remanium
Colboloy (T able 4).

, Colboloy (42.8+ 24%)

22.9%

Orthos(586.2
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T able 4. Microhardness(Hv) of the heat-treated stainless steel wires

Vickers Hardness (Hv)

Fc Wc
control 456.1+ 14.1 456.1+ 14.1
Vac 4995+ 123 4975+ 235
Remanium
Air 553.7+ 16.8 529.1+ 30.0
Ar 5605+ 10.8 548.9+ 22.6
control 4797+ 177 4797+ 177
Vac 5155+ 138 507.9+ 22.1
Permachrome
Air 5712+ 277 520.3+ 21.3
Ar 5655+ 9.3 552.6+ 19.9
control 5226+ 10.1 5226+ 10.1
Vac 5269+ 19.6 5247+ 21.1
Coalboloy
Air 559.5+ 16.7 529.1+ 224
Ar 564.0+ 209 559.1+ 28.2
control 586.2+ 33.0 586.2+ 33.0
Vac 614.3+ 22..1 598.1+ 4.2
Orthos
Air 621.0+ 205 6155+ 11.0
Ar 6449+ 23.1 617.1+ 14.2

- 12 -
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(Ov SCE)
Remanium ,
0.1V (SCE) 120 150 /
0V (SCE)
Permachrome , 1/
02 /
30 370 /
320 (SCE)
240 (SCE) , 200 (SCE)
Colboloy : 03 / 690
(SCE)
Orthos , 48 |/ 510 (SCE)
06 /
310 (SCE)
(Fig. 3).
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Remanium 31.8993ppb (1D) 55.5303ppb (12W)
3 1.8391ppb (1D) 16.2803ppb (12W)
47.4888ppb (1D) 156.5364ppb (12W )

Orthos
. Remanium Orthos
Orthos 12w
Permachrome Coalboloy
Colboloy (T able 5, Fig. 4).
)
.4 (55.2784- 273.0309pph)

, (18.9415- 83.9791ppb)
(1.8391- 55.5303ppb)

(33.0073-212.7102ppb)
(11.1328119.2850ppb) . Orthos

- 17 -



(T able 6).

)
Remanium 3
Colboloy
3
Colboloy
Remanium Permachrome  Orthos
Remanium
Colboloy Permachrome Orthos
Colboloy Remanium, Permachrome, Orthos
(T able 7).
3.
12
(Fig. 5).

Response Index
U1 V3
Response Index

(T able 8).



T able 5-1. Nickel ion release of Remanium according to the period of

immersion in artificial saliva (ppb)

Vac
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 4.4024 0.8812 31.8993 10.2893 69.9732 135314 *
3D 3.2916 0.5743  49.1677 95817 705769 10.8342 *
1w 54392 19006 535179 11.2160 74.7127 10.7740 *
2W 45667 15791  58.2503 38902 75.7146 8.2795 *
4w 41222 05511 55.7498 9.2581 695628 2.8106 *
8w 3.7706 0.6593 53.1734 6.2438 1034620 6.1685 *
2w 103321 3.6968 55.5303 14683 109.7258 15.8389 *
Air
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 44024 0.8812 805269 98064 66.2724 12.3910
3D 3.2916 05743 64.1697 89626 71.0160 3.1182
1w 54392  1.9006 738415 75835 826143 9.6834
2w 45667 15791 1134514 16.0974 99.6604 6.0285
4w 41222 05511 1155351 159058 1038174 6.1261
8w 3.7706 0.6593 128.6788 49052 101.2299 14.0112 *
12w 103321 3.6968 167.1226 10.0978 100.0839 7.1871 *
Ar
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 44024 0.8812 65.7917 124221 47.0985 14.2622
3D 3.2916 05743 635229 78462 528374 13.6564
1w 54392  1.9006 62.2891 89650 59.0043 10.7372
2w 45667 15791 554515 10.0138 634082 3.3748
4w 41222 05511 693734 9.7399 60.6548 59160
8w 3.7706  0.6593 87.2894 42408 673126 6.6551 *
12w 10.3321  3.6968 839791 6.7416 693716 3.9075 *

* Kruskal-Wallis test

* P<0.05 :

- 19 -

significant difference between cooling methods in same period
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T able 5-2. Nickel ion release of Permachrome according to the period of

immersion in artificial saliva (ppb)

Vac
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 1.7233 0.5728 1.9065 0.7517  47.4888 8.5580 *
3D 3.2549 1.9192 3.6072 17148 46.8420 5.9119 *
1w 3.7729 1.2756 49154 24291 49.1251  8.1620 *
2W 3.9076 1.0861 45438 1.0461 47.3480 10.0194 *
4w 42703 1.0981 5.9595 24411 494022 5.4528 *
8w 6.4896 3.9675 9.8242 27450 534137 6.3739 *
2w 74192 2.1101  9.9811 25714 68.4357 45199 *
Air
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 1.7233 0.5728 55.2784 13.2756 459064 8.0294
3D 3.2549 1.9192 604432 21930 56.8993 5.3460
1w 3.7729 1.2756 59.8388 146741 483366 135044
2W 3.9076 1.0861 43.7836 39162 43.3575 10.6864
4w 42703 1.0981 605005 87029 57.1176 8.9222
8w 6.4896 3.9675 634291 27522 658213 24855
12w 74192 2.1101 139.7810 14.9998 110.1748 16.9984 *
Ar
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 1.7233 05728 233775 25994 30.6686 3.2514 *
3D 3.2549 19192 43.1205 11.2833 44.7821  9.1896
1w 3.7729 12756 479906 10.3946 55.3564 9.1110
2W 3.9076 1.0861  45.9937 38433 525441 79748
4w 42703 1.0981 424681 6.8966 56.2026 20.1005
8w 6.4896 39675 46.7901 84253 48.0255 124294
12w 74192 2.1101  42.0909 45645 476442 46724 *

* Kruskal-Wallis test

* P<0.05 :

- 21 -

significant difference between cooling methods in same period



- 22 -



T able 5-3. Nickel ion release of Colboloy according to the period of

immersion in artificial saliva (ppb)

Vac
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 1.7853 0.7879 18391 0.1907 88.3688 12.9411 *
3D 1.9320 0.5969 1.9463 05339 120.1637 16.1885 *
1w 49972 1.1610 54916 06929 1247040 19.6479 *
2W 48072 1.2317 6.0865 15369 114.7978 10.7805 *
4w 3.5956 0.5314 55123 14733 89.1109 9.3850 *
8w 37711 1.2749 5.9864 0.3317 102.2880 12.9642 *
12W 3.8978 05811 7.8226 3.1956 132.7106 12.7106 *
Air
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 1.7853 0.7879 1053637 13.1013 974699 3.6879
3D 1.9320 05969 113.0791 38133 1116116 5.6202
1w 49972 11610 124.1186 12.2402 127.8352 12.2292
2w 48072 12317 121.1287 18.2286 136.6308 7.2247
4w 3.5956 05314 1234372 10.0564 1365226 7.7516
8w 3.7711 12749 1412334 84118 1404505 9.5565
12W 3.8978 05811 273.0309 3.1277 212.7102 12.3354 *
Ar
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 1.7853 0.7879 37.0331 4.1510 85.8508 12.2788 *
3D 1.9320 05969 545262 97922 97.1998 9.9917 *
1w 49972 1.1610 69.1775 126366 1275884 10.9965 *
2w 48072 1.2317 60.6074 9.0339 1104435 55992 *
4w 3.5956 05314 446764 3.0055 1113625 85361 *
8w 3.7711 12749 47.0580 44142 118.2860 10.7187 *
2w 3.8978 05811 475624 42983 119.2850 9.8545 *

* Kruskal-Wallis test

* P<0.05

- 23 -
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T able 5-4. Nickel ion release of Orthos according to the period of

immersion in artificial saliva (ppb)

Vac
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 25556  0.8664 6.0679 3.1698 69.4200 6.2881 *
3D 26045 0.8700 54419 25399 76.7279  8.9825 *
1w 3.3692 1.2208 438608 1.6906 719248 115935 *
2W 3.7810 0.8318 5.1497  2.4008 67.4972 123125 *
4w 47309 1.1039 46975 16814 714728 12.0148 *
8w 48373  1.2965 48409 1.1828 723809 9.3838 *
2w 104238 19969 16.2803 29334 1565364 6.9422 *
Air
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 25556  0.8664 745604 117563 33.0073 7.6880 *
3D 26045 0.8700 76.7279 89825 269124 3.3381 *
1w 3.3692  1.2208 729526 8.1412 275578 6.0869 *
2w 3.7810 0.8318 741598 124938 29.7273  5.2600 *
4w 47309 1.1039 73.2266 7.0212 309118 4.0416 *
8w 48373  1.2965 73.2528 5.0657 32.7996  3.5387 *
12w 104238 19969 163.8361 139241 67.3476 95420 *
Ar
Control Fc Wc
M ean Std M ean Std M ean Std P<0.05
1D 25556 0.8664 18.9415 33148 11.1328 25910 *
3D 26045 08700 17.7084 36664 9.0463 1.2719 *
1w 3.3692 1.2208 16.1163 36703 7.8263 4.0580 *
2W 3.7810 0.8318 19.7325 15744 84777 2.2663 *
4w 47309 11039 19.8178 5.2927 11.1284 1.1075 *
8w 48373 1.2965 19.8912 5.0441 14.8024 3.1802 *
12W 104238 19969 52.0653 129418 40.0225 10.1512

* Kruskal-Wallis test

* P<0.05
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Table 6-1. Significant difference of nickel ion release between

heat-treating conditions in Remanium

Fc We

Vac Air Ar Vac Air Ar

1D b a a a ab b
3D b a ab a a b
1w b a ab ab a b
2W b a b b a c
4w b a b b a c
8W c a b a a b
12w b a b a a b

* Tukey grouping method
* @, b, c : significant difference between heat-treating conditions

in same period (P<0.05)

T able 6- 2. Significant difference of nickel ion release between

heat-treating conditions in Permachrome

Fc Wc

Vac Air Ar Vac Air Ar

1D c a b a a b
3D c a b ab a b
1w b a a a a a
2W b a a a a a
4w c a b a a a
8W c a b ab a b
12w c a b b a c

* Tukey grouping method
* @, b, c : significant difference between heat-treating conditions

in same period (P<0.05)

- 27 -



T able 6-3. Significant difference of nickel ion release between

heat-treating conditions in Colboloy

Fc Wc

Vac Air Ar Vac Air Ar

1D c a b a a a

3D c a b a a b

1w c a b a a a
2W c a b b a b
4w c a b b a a
8W c a b b a ab
12w c a b b a b

* Tukey grouping method
* @, b, c : significant difference between heat-treating conditions

in same period (P<0.05)

T able 6-4. Significant difference of nickel ion release between

heat-treating conditions in Orthos

Fc Wc

Vac Air Ar Vac Air Ar
1D c a b a b c
3D c a b a b c
1w b a b a b c
2W b a b a b c
4w c a b a b c
8W c a b a b c
12w b a b a b c

* Tukey grouping method
* @, b, c : significant difference between heat-treating conditions

in same period (P<0.05)



T able 7-1. Significant difference of nickel ion release between

heat-treated wires in vacuum

Fc Wc
Remanium  Permachrome Coboloy Orthos Remanium  Permachrome Coboloy Orthos
1D a b b b a a a b
3D a b b b b c a b
1w a b b b b c a b
2W a b b b b c a b
4w a b b b b c a b
8W a b b b a b a b
12w a c c b c d b a

* Tukey grouping method

* a, b, ¢, d : significant difference between wires in same period (P<0.05)

T able 7-2. Significant difference of nickel ion release between

heat-treated wires in air

Fc We
Remanium  Permachrome Coboloy Orthos Remanium  Permachrome Coboloy Orthos
1D b c a bc b c a c
3D bc c a b a b a c
1w b b a b a b a c
2W a c a b a b a b
4w a b a b b c a d
8W b c a c b c a d
12w b b a b b b a c

* Tukey grouping method

* a, b, ¢, d : significant difference between wires in same period (P<0.05)



T able 7-3. Significant difference of nickel ion release between

heat-treated wires in argon

Fc Wc
Remanium  Permachrome Coboloy Orthos Remanium  Permachrome Coboloy Orthos
1D a c b c b b a c
3D a b ab c b b a c
1w ab b a c b b a c
2W ab b a c b c a d
4w a b b c b b a c
8W a b b c b c a d
12w a b b b b c a c

* Tukey grouping method

* a, b, ¢, d : significant difference between wires in same period (P<0.05)
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T able 8. Cytotoxicity of the heat-treated stainless steel wires

zone Lysis Response
Index Index Index
control 01 01 o1
Vac Fc 11 11 11
Wc 11 11 11
Remanium Air Fc 11 0 1 1
Wc 11 1 2 12
Ar Fc 11 11 11
Wc 11 11 11
control 01 01 o1
Vac Fc 11 11 11
Wc 11 11 11
Permachrome Air Fc 11 1 2 12
Wc 11 11 11
Ar Fc 11 11 11
Wc 11 11 11
control 01 01 o1
vac Fc 11 11 11
Wc 11 11 11
Colboloy Air Fc 11 11 U1
Wc 11 2 3 13
Ar Fc 11 11 11
Wc 11 11 11
control 01 01 o1
Vac Fc 0 1 0 1 o1
Wc 11 11 11
Orthos Air Fc 11 2 3 13
Wc 11 1 2 12
Ar Fc 11 11 11
Wc 11 11 11
Positive (NPG) 3 4 3 4 34
Negative (Polyethylene) 0 00
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4 (Remanium, Permachrome,

Colboloy, Orthos)

(p<0.05).

Remanium  Colboloy

(p<0.05).
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A bstract

Physical properties and nickel ion release of
orthodontic stainless steel wires according to

heat treatment methods

Ja- Young Shin

Department of Dentistry, the Graduate School, Yonsei University
(Directed by professor Kyoung-Nam Kim D.D.S. PhD.)

Heat treatment is applied to orthodontic stainless steel wires in order to
relieve the stresses that result from cold working and the manipulation by
orthodontists. The quality and the thickness of the oxide films formed on the
surface of the heat-treated wires may be various and it is considered that the
oxide films can influence on the properties of the heat-treated wires. The
purpose of this study was to investigate the influence of the heat-treating
conditions and cooling methods on the mechanical properties, corrosion
resistance, the amount of metal ion release, and cytotoxicity of the heat-treated
wires.

In this study, 4 types of stainless steel wires(Remanium of Dentarum,
Permachrome of Unitek, Colboloy of G&H, Orthos of Ormco) in 0.016x 0.022
were selected for the experiments. These wires were heat-treated in vacuum,
air, argon environment and were either cooled in a furnace or a waterbath. 4
control groups and 24 experimental groups were divided according to wires,
heat-treating conditions and cooling methods. In each group, basic physical

properties, corrosion resistance, the amount of nickel ion release and
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cytotoxicity were observed. The amount of nickel ion release in artificial saliva
was measured for up to 12 weeks.

T he results were as follows :

1. In all groups, microhardness was increased after heat-treatment compared
with control groups irrespective of heat-treating conditions and cooling
methods.

2. The corrosion resistance was highest in the vacuum heat treatment-
furnace cooling experimental group by potentiodynamic method.

3. The amount of nickel ion release was lowest in the vacuum heat
treatment-furnace cooling group and significant difference was shown
compared with other experimental groups. The amount of nickel ion
release was highest in the groups which were heat-treated in the air
and significant difference was shown(p<0.05).

4. The amount of nickel ion release was highest in Remanium & Colboloy
and significant difference was shown(p<0.05).

5. Cytotoxicity was mild in the experimental groups but the response index

of the air groups was a little higher than other groups.

According to these results, stainless steel wires have excellent
anti- corrosive properties when heat-treated in the vacuum and cooled in a

furnace.

key words : heat-treating conditions, cooling methods, nickel ion release
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