X

$131-40

|

=

o

atel Az 15709 A

El
=

Q.

(4]

o]

CHRIW&Al 2003 = 33(2)

e}

=

e X

=

&2

1

to] A7
At

I3l

=

=

P AHQIA A

=)

A2 % 7]
o187 9

_
=2 &
= 0
2 ol

=2

), 0.017 QTA(017) ~H|Q

e
bol Thest e 23t

o
=
i

o

g’l

gil

i

vz

Y

b 2ol 7b 1 TH(p<0.05).

fof 214 AAel 771

Fsd e golunn Aaugy,

tact Al

o

5

ME=2 018

Al 8

=
=3

ARoZ fo

¢
2. 3% 2% A9 23} 016Pre] 017

o3
=
22 A8 MEY AEL A

7
7HAA & wel Aol 0.017 AR FAE A=

2 AFE AVeFE o8

44
L 3% 23 A9 2% 0l6Pe] 0162 M) 7

AHT(0I6PT) LR, 7)22] 0.016 211016

oA 1083

=

[}

HE BT wokon,

™
TR

E, AY vE

ZFo] 7t A Hp<0.05).

1

T
N4

AR f9

ol

ﬁo
ol
K
s
o
]

o3l

TR
i

,;IA.ﬂ
]
=)
ol
TR
i

njr

w°

A8 A3} 016PTo] 017+l vl&) vl 58 24z}

131

2ol 7F A ATHp<0.05).

O

3 oA stol= A7+ ald

1
- M

°
el

Fala dot’. Az 279 g3} Ay S 9

2 Jlew Jhdrt
v EE e =

1Y

X

1928 Angle) ¢

td #5718 S7HA1715 220 S7hE

Rl EdqA GAHCR e

) 3]
b))

e
<O

3|

M. =1

3 B 24+ Aol =g Al

&Y [/ 062-220-6486

St

/& 8P

L Ay
hhwang @chonnam. ac. kr

=2
=2

TN S

=

iy

[l

p2)



OIZA, 0171, &8l

S

Table 1. Composition of experimental wire

CHA&EAl 334 25, 20034

Table 2. Composition of electroplating solution and plating
conditions

Stainless -steel alloy Proportion(%) - —
rg— 170~190 Eletroplating ‘composition - (g/L.)

) ’ ) Nickel stlfate (NiSOs . 6H0) 100
Nickel 80~100 Nickel chloride (NiCl- 6F50) 60
Ma}nganese 20 Boric acid” (HBOs) 30
Silicon 10 Ammonium chloride (NHiCI) 50
Phosphorus 0.04 Condition
Sulfur 0.03 Voltage (V) 17
Carbon 0.08~0.20 Temperatire () 25-29
Iron Balance pH 3.1-33
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ZE|Q# 2 28749 244 QA (Tru-Chrome®, Roc-
ky Mountain Co., USA)E AF&-3l%Th
A7lmge B A% F/HE #0016 x 0016
o1z Y AAE olgn, 7 ¥ B4 HuE
e zao 2 7]& 0016 X 0.016 1A], 0.017 X
017 Qx| 9] Z4EAAE o] &3} tH(Table 1).
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Table 3. Grouping of samples

Group Classification

016 Original 0.016 X 0016 inch stainless steel wire

016P  Electroplated 016 X 016 inch stainless steel wire
017 Original 0.017 X 0.017 inch stainless steel wire

Deflection

———14Amm——m

Fig. 1. Schematic diagram of three-point bending test.

X(0.026mm)7} Z718 W% A7 =Ee A@Eg
o A4 F7he vl 1Eed 0.00lmmAA] 24 s
g YA " who] = 2w E](Mitutoyo, Japan)E ©] &3}
Zlaksd )

&)
s
I

47124 10
A2 2 AR, o] 2A sof o} A
= oA g2 71E9 AEO016 x 0016 21X,

0017 X 0017 AA)EH A7 =FE o] &3] 0.001

T2 E4Ee &, BF 3FeR

4 T A = 1571t Table 3).

Fr o
:ozl':
)
A
b1
a
)
>
)
o
s
<o
3
rfo
H1
JQ

U ©He] WA ot
FAE 2R golrr] 9sta] A
EF o wjEste] FAA AR 7 (Scanning
Electron Microscope, JSM-5400, JEOL, Japan)2.2
@i S #aAsg
A28 ARE T2 Y42 5 e
a8 ARG on o & o &3te] Z+ 73 15704 45
hel A Ag e et FARAA
HEE Y8 Zue dn
B (JFC-1100, JEOL, Japan)Z A3 st5]
FARARIA R BUE BAY T olv)A) 3}

Fig. 2. Torque testing device composed of Torque Gauge
(a). graduator {b) and chucks (c).

2 AR thg olu|x] B4 Z 273 (Image-Pro
Plus, Media Cybernetics, USA)& ©] &35} w9
Hy-g 239

=
ox,

A&

A& (bending test)

Zr A A9 A (stiffness) ¥ &E7} E(yield stren-
gth), =37 = (ultimate tensile strength)E &4 3}7)
st whgEAd A8 7] (Universal Testing Machine,
STM-5, United Calibration Corporation, USA)E ©]
&3] 3" =3 A€ (three-point bending test)= Al
gatgdo' Y 209 Aldue] wet AlE ol &
14mm, T2~ OHﬁ %% (cross head speed)& 1mm/
mine.z 233 & 1kg9 i‘:"é(load celDZ 3mm

7 HEHE X]@”V\] stz 7kl -y IS
Tt tHFig. 1.

T 5"y FAgA AXRYZ Y=
B AL F8t7] flEte] el dig W
E(g/mm)& At T3 02%9] FrHEFe] U
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= FAAE e, ol AL 2 H Y,

@ ¥1E9 A€ (torsion test)
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Table 4. Comparison of wire thickness among 016, 016P
and 017

Group. Number Mean * SD(zm?) Median

016 15 16330 £ 1.4 163.56 :I .

016P 15 17299 + 1.32 17249

017 15 17319 * 123 173.14
*p<0.05

A& A2 npEgle] AFEA AT F slon A
sl2 o|FehHA 2z ol(inter-chuck distance)E
2T F JEE Hol sth AF A FFHI A
A2 4] (extension) & F238t1 EZA oA (Torque
Gauge, 651X-4M, Data Instruments Inc., USA)E &
ettt EAACIAE A 6000gmm7tA] &7 7}
ot HA 250gmm7tAl SRS & A AZEA
o AZAZX e S v S gty v EY AR
£ FHles 4=AE 339 tHFig. 2).

27t dol= FFAQl Bz Al Tmm=E 3
gata AAel 71ak vlEd E“ﬂ EE 250gmm® 57}

JAA GHge] #2d wrix HEE 4%
1" 7HA E489. Z :rLE* 1571 9] AlH & &% 8o
A (torque/twist rate), 5° offsetel| A 2] &
¥ 29 E(yield torsional moment), o] ¥ EH
29 E (ultimate torsional moment)Z T35t}

(o
|
m\m

U

gk " Ed AAe 39 &

HEd Al o3 AAles = FdA JAAd e
2 AaAEEe] dojdtt mE 20 28 o] oFet A
§ ¥y o] =FFo] 2Fa AR FHo] =
ZHTh goF Agteo] 83| 2o AAe W
93t T5F9) g8 dolun &E Aomnz vHE
d AlF g Algiste] AT o] dod 016PFS &
We FALAAAN A o7 BEsle]l mFEo] Ay
S Aoz ATk

nh BAA 2

NCSS(Number Cruncher Statistical System, NC-
SS Statistical Software, USA) 54 Ag¢ L2
e o] §3to] ofFd Ak oA 2 V|E AEFET
I =52 AAE 2 Alele] B4 ztolE v mEy|
93te] Kruskal-WallisA8 R ¥ R4H ALSAZ S
Al gy 8titt,
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CHAILWAA 337 25, 20034

(a) 016 (b} 016P (c) 017

Fig. 3. Scanning electron micrographs of original 0.016 x
0.016 (a). plated 0.016 x 0.016 (b) and original
0.017 x 0.017 wire (c).

m. AFNA
1. BP0 BN E)

016P=9] ©re] WA 01672 Tl BHE o
g A 016Pe we] WAl AA JEtger &
AR oz §og zol7t AATHp<0.05)(Fig. 3, Table
4). 016PZ¢] ©iel A1} 01779] T WAL H
w3 A3z BAHOZ F93t Aol giATHTable 4).

2. C30 20 Lot S4gs!

O =3 AH

3W 23 ANE g8 7 2o v
Aoz 0177°) 7 E%em o2 016Pwol
A e 7L 0167 U THFig. 4).

A7 E3S A 83 016PT& 01601 v] 3t 7&*3?%
f;, AL :lsmg 2T Zvlete 746;}:2_— B

2 At

SziEH 005) 016P—EL8 017;%1] u] 6HA1L 7 g g

705 1}71-5 25 \7@-3 ﬁah— By u:] AN
AFRCZ 23 Zolrt YATHp<0.05) (Table 5).

@ vE" NE

zt o] nEY - A& Hd AvbE o= 017
ol 71 =gkon theo @ 016PTe)Y A, 7Y v
& e FAE a8 E 2 01670 Y tkFig. 5.

016PZ& 0167l H]3ld Bl EY A7 & HE
g wdE A ¥ EY BHE 5 Fgkon BAA
o2 {93t Aol 7k AATHp<0.05). 016P < 017
o Blsle] & H|EY RHES HY HEY EHE
7t BAA R fFodtA gken ol =5 AlE
g AA7 2L F719 719 AAd vls) B4
Hoj A S JeR AT (p<0.05)(Table 6).
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Table 5. Comparison of the results of three-point bending test

G N Load/Deflection rate (g/mm) Yield strength (g) Ultimate tensile strength (g)

TOU

P Mean £ SD Median Mean £ SD Median Mean T SD Median
016 15 67645 = 1805 67727 ] 39490 £ 9893 379.79 85568 £ 1999  857.01
* *

016P 15 75388 * 1855 749501 ] 40386 £ R1.19 39752 91674 £ 1914 9159

017 15 7771 £ 1463 775.86 : 41393 £ 96.38 429.36 9351 £ 1576 93550
#*p<0.05

Table 6. Comparison of the results of torsion test

Torque/Twist rate (gmm/deg) Yield torsional moment (gmm)

Ultimate torsional moment (gmm)

Group N
Mean *= SD Median Mean = SD Median Mean £ SD Median
016 15 1976 £ 248 20.58 ] 5893 £ 531 56.00 :I 14053 * 1310 135.00 ]
016P 15 2616 £ 342 26.15 67.07 £ 504 63.00 :I 17030 = 474 172.00 ]
017 15 2950 £ 331 30.06 8840 £ 426 90.00 I 20667 = 482 205.00
*p<0.05
Load(kg)

NI
4
Defiection(mm)

Fig. 4. Comparison of the load-deflection curves between experimental groups after

three—point bending test.
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Fig. 5. Comparison of the torque/twist curves between experimental groups after

torsion test.

() ) (b)

Fig. 6. Scanning electron micrographs of plated 0.016 x
0.016 wire after torque test: intact surface (a),
cracked surface (b).
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- ABSTRACT -

Change of physical properties after diameter increase by electroplating
of orthodontic rectangular stainless steel wire

Jeong-Seok Lee, D.D.S., M.S.D., Ki-Heon Lee, D.D.S., M.S.D., Ph.D.,
Hyeon-Shik Hwang, D.D.S., M.S.D., Ph.D.

Department of Orthodontics, College of Dentistry, Dental Science Research Institute, Chonnam National University

The purpose of this study was to evaluate clinical applications of electroplating method through investigation of
the physical properties of orthodontic rectangular wires according to varying their cross section. For the study, it
was accomplished to electroplate the 0.016-inched orthodontic rectangular stainless steel wire.

The cross section of stainless steel orthodontic rectangular wire increased from 0.016 X 0.016 inch to 0.017 X
0.017 inch by electroplating. The wire was heat treated to improve an adhesion between the wire and electroplated
metal.

A three—point bending test and torsion test were conducted in order to compare physical properties among three
wire groups; 0.016 X 0.016 wires (group 016), electroplated 0.016 x 0.016 wires (group 016P) and 0.017 X 0.017
wires (group 017). Through the investigations of each wire group, following results were obtained.

1. At three—point bending test, the group 016P showed higher tendency in the degree of stiffness, yield strength
and ultimate tensile strength than the group 016. Stiffness and ultimate tensile strength showed statistically
significant differences between two groups at three-point bending test (p<0.05).

2. Stiffness, yield strength, and ultimate tensile strength of the group 016P showed lower tendency than those of
the group 017. Stiffness showed statistically significant differences between two groups at three-point bending
test (p<0.06).

3. Torque/twist rate, yield torsional moment, and ultimate torsional moment of the group 016P showed higher
tendency than those of the group 016. All measurements showed statistically significant differences between two
groups after torsion test (p<0.05).

4. Torque/twist rate, vield torsional moment, and ultimate torsional moment of the group 016P showed lower
tendency than those of the group 017. Yield torsional moment, and ultimate torsional moment showed statistically
significant differences between two groups after torsion test (p<0.05).
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