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A Comparative Evaluation of Mechanical Properties of
Orthodontic Wire Joints according to Soldering Methods

Hye-Jin Lee, Min-Ho Hong

Department of Dental Laboratory Science, Graduated School, Catholic University of Pusan

[Abstract]

Purpose: The purpose of this study was to compare the tensile strength and mechanical properties of orthodontic
wire joints made by gas soldering and laser welding, with and without filling material, to identify the effectiveness
and potential clinical application of laser welded orthodontic wires.

Methods: Three joint configurations of orthodontic wire were used: diameter 0.9 to 0.9 mm wire, diameter 0.9 to
0.5mm wire and diameter 0.9mm wire to band. The joints were made using three different methods: gas soldering,
laser welding with and without filling material. For each kind of joint configuration or connecting method 7
specimens were carefully produced. The tensile strengths were measured with a universal testing machine
(Zwick/Roell, Instron, USA). The hardness measurements were carried out with a hardness tester(Future-Tech Co.
Tokyo, Japan). Data were analyzed by AVOVA(p=.05) and Turkey HD test(p=.05).

Results: In all cases, gas soldering joints were ruptured on a low level on tensile bonding strength. Significant
differences between laser welding and gas soldering(p< .05) were found in each joint configuration. The highest
tensile strength means were observed for laser welding, with filling material, of 0.9 to 0.9mm wire joint.

Conclusion: In conclusion, the elastic modulus and tensile strength means of laser soldering with filling material

were the highest, and the tensile strength means of laser soldering were higher than those of gas soldering.
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T Ay | &3 d 3 ‘ A 3t ‘ 051-510-0599 ‘ E-mail ‘ mhhong@cup.ac.kr
B R | mumed 97 v3E LwhEY Rt A3 ekt
g+ | 20149 1 | 43y | 2014127 | =3y | 20141217




WA A=t qlof w788 2telo] (orthodontic
wire)= A9 1S $I5F AR} A ol5L o] 53}
1 [ 85= $83 A% A= ok, u
= 9ut 38 ALt gy 7 WollAl
FAlo] Qlofof sk 7hhof oA ¢13}E|A|
%-?51 dx 2] AL 7F-of o Wt ofe} wAAA|
AZA g efolo] e 2H YA 2EH WE
(stainless steel band)®l 'dZH(soldering)©] Bt =2
H2F 3 7l zeato] golsfjof gt g WAl 5ok A
4Ho 1Re Uehd 4 9l S4o] =ik o}
o, 77 Wl kb2 egelol Sk slolop
SHHO' Brien, 1978 Phillips, 1982).

A g etololE Hate uf F=2 7k w2to] o] &
B3 Qleh 7k g2 Al HE ddRe| B2t e 7k

7F =] 7127F g Eol AAF A ASHAIA
ARE 5 obdE 4= glom ) ERk 2AF A ol 132
w5 Bado] s o] IS oA o] ZAF
dorit, ojgfgt & FFR= F=E A7

= dorle o] HeH@Grdl, 2000),
Aof AulF oz F£2] 3 E
o= FA 942 = 7IAA Hek
0 3401 ol ] felsl wa
x %

T
2]
o
=2
o

F

1>

iz

=
2
T

lo dr & mlo
I~
O:

X T
)
ox
i)

(

El
ox
o

> > 0 e
ol ooh
1pr
o
=)

Ly
>
=1
ox,
oo
o
o)
2
1o
Hir
rlo
_wﬁ

4 2] sjololo

2o
ol
B
> o
N JE
ﬁ
i
p Lo
X
ol
i)
_EL
r—ﬂ
I
do
1o
re
£
(¢
rlo

d0 W e
)
.
)
mzi
:L
ey
i)
3
lD
5
é
e
-
N

>,

o

LU )
k]

0
g

10]7‘4 2 aAof o3t vz

, 'O‘Pﬂ"} u| Mgt A 7]FE 71ssh,

Jol A A5 &40l 7Fsdte] =2 A

AHE 7HA AL St} Wiskott 5

Pl wiste] glojA &4 497t

A MIAA BaEe) S 44
QAThaL 3F3ITE

s

2

o

-]
rlr =

o{n H:l

i

1>
©

R A
o,
o

N

N

=}

lo °

A

I or

1

Ol

1997 o= A
&) x5
< 7 & fAE

jin
o

4> s

240 _cHotx|nt7| 288 x|

A7 & (1997 2 291710 mE 48 2folof
o] glojA Fatado] thgt A Lo wHE efo]o]
o] oA H2HA] F2t 917100 TAIRe] -2 5
Zo| 7P 9-48}rka Bl 319, Bock 5 (2008)2 A
gHglelA A8 oto]o] o] Fakul A7bd 2K (welding) W
of W AT} AL, SHA firo] wE A
5 P o] ubd Ao tiet A5 Foke] dlojA &
F7H S A=Y ARgo] efolof AGHTL 7]A A
I Aol FeE okl Hasiglt), o|¢} o]
& efojojo] #ojA §Hle AEsaAlet AtEL
QAE AR o2 A e AAT uf HolA
| Wol AMEAL Sl=t vhef 2|} w78
A Al Eﬂopﬂ &3o] ZLQ‘E]‘H ARE-E| A

7
oo} 27| £k o]

lt

O

Y

1. 28 =
B Aol 2gQlels A”e

~

HF 2olo] (remanium”
straight wires, Dentaurum, Germany)& AH-5SItt.
RAIE 0,9m A7) ofololE AgaIT, BAITe] 2
Wh= 2 g F e A4 44 AskE 1) sl
HREJ A= B o R HAN 5U7H 0, 9mm 273 9 &F
olo}, 0.5m 4742 sfolojel Avjelels 28 WE(

Molar band, Tomy Inc, Japan)E& AME-3FAtHTable 1).



Table 1. Chemical composition in weight % of tested
wire

Stainless steel alloy (remanium®)

C 0.05-0.15
Si <20
Mn <20
Cr 16.0-19.0
Mo <08
Ni 6.0-95

P <0.045
S <0.015

Other N=<0.1
Fe rest
2. A HE

}6mm7} 29
94 ]—_Q_i s&l:nx]_dq']i
72] 0.9mm, O,5mm

273 9] 9lojoj @%?ﬂﬂ& bending 6} tHFig. 1.

stone block for specimens production

A B C

Fig. 1. Specimens of bonding strength test

A. Gas solder,
B. Laser solder (with filling material)

C. Laser welding (without filling material)
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A

Fig. 2. Specimens of tensile test(elastic modulus)

A. ©0.9mm + @0.9mm
B. @0.9mm + @©0.5mm

Table 2. Classification of experimental group (bonding
strength test n=10),(tensile test n=10)

Group used wire(mm) bonding method

GS99 Gas solder
Laser solder
LS9 509+ 009 (with filing material)

Laser welding

LW99 (without filling material)

GS95 Gas solder

Laser solder

1595 (with filling material)

@09 + 0.8
Laser welding

W95 (without filing material)
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Aot Ar 2A9 AZEE A1 02 {yn 7HZ 9] 10mn
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Main wire
(@0.9 mm)

/Be’riéing ifterface
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(0.9 orf@0.5 mm)

Fig. 4. Schematic diagram of the specimen for hardness
tests
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Fig. 5. Ultimate tensile strength values (N) of same
diameter wire bonding tested groups (* p< .05)
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Fig. 6. Ultimate tensile strength values (N) of different
diameter wire bonding tested groups (* p¢ .05)
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Table 3. Means of Elastic modulus (GPa) of same
diameter wire bonding specimens

Group Mean SD
GS99 103.22 13.34
1599 10494 10.63
LW99 96.93 12.18
A SASH FolxkE AHEY] 93 dYuiA] &
AHERAS AXGE AT BE A 5 7 f2gh &0

2) THE 218 0|0 HE AlH

Table 4. Means of Elastic modulus (GPa) of different
diameter wire bonding specimens

Group Mean SD
GS95 1877 10.46
LS95 98.47 15.76
LW95 M.14 5.37

= Aolel felde Age) A

dulA] At BAe AABIY. EAkEA A Tk
AR GS95 o Hatgtol 7P A HEbtaL, o)A

& A YeRgth(pd .05). (Table 4)

H36H M4 20143 243



AAE s tgu|aes Ay Batgro] 78 =4
Y GS95 5}3} 71 @A Ut LS95+ Aol &
AATHPC .05). LW95 72 & 7HA] thE A
4?‘2 2ol 7t UrehA] 2Rkt (p> .05)

3BT =T B
gl e mAo] 74 £4 Wsle sl
Sle) AlkE Aol mAS A A AT BE A
oA 72lol W2 Aw W} 7o) e grgkon,
=

2 o] uh o) Hi= 2fo] b Wolx] ook

rLl

800

—-+-GS99 -8-1599 LW99

% 600
=z ———, -
3
=
£ 400
=
=]
5
= 200

0

0 1 2 3 4 5 6 7 8 9 100 11 12
Distance(mm)

Fig. 7. Hardness values of same diameter wire bonding
tested groups
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Fig. 8. Hardness values of different diameter wire tested
groups
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