ORIGINAL ARTICLE

Light emitting diodeE 0|8t =gt A| &2}
Mg 2% depslo Mol EAr

o
a1

r

ol WMEAe| =7t SItstHA EHE THO| WM |E ':'”OHOF OF'_ gl= ot 0144—'- ULF,
| F e

Rall
og n
o0 & rokrr

% light emitting diode (LED) 2&&7|2 A|°”0P04 Hids *‘47FoH EJ_XI' 5t iEF
aIon o alumlnum oxideE 0[8¢%t sa H
st sandblastmg % silane2 2 Xz|8h A|Hof é%.ﬁé
1 HE = 1AZE 6AIZE 24A12F & FEHYHE |
analysis of variance)2 0|&3t0f H|Wstl F JHX| EHM2| U 7J<>1l E"%*Z—!EO{I ﬂolﬂ U=
721}, metal primerofl H|3t0{ silicoatingS Al st AlHOM =2 Mt

g Hazzot 7F3FE Z&s 2ot Adhesive remnant index (ARI)ofAf
LEDE o|83to] ZE2 Al
ing YH=S AHsoFE 2ol =
2010;40(1):27-33)

_.k
2. o
o 8 & o re

iy i
oo
_O'L

rlI
_}91
rulru
o
El
re
zi_
E
n
A
0z
ﬂ
,\i
mjo
o
)
M
=
M
mtil i
8
=5
<

jigal
S
N
H1
V]
=l
st
lul
Q
]
=
>
r\l
=)
N
ﬁg_l_'
4 -

0

—

5t1! metal primerEEF: shcoat—
£ ¥& & AU Aolch (X w ™A

M
r\.l
K Ho
lo
rok
Rl
=)
i
HT
=
Rl
: 02 K
£Q
Il

FQ ool 2HEME, MALT Metal primer, Silicoating

ME Aol g 5ol dgoz drAdiE 1 e u
suth 49 WYL AHgeke LAk 27}
A7 49 BABAC 9 @l Aol A% Helum A
Yol ol ofe A FEAR Fe wagel opaztol Bz, £A 5 e FEARE
FH WG 5 FAs) ok o= A5 solva el e w8l o A-g FAH S A
AT WAEEA AW wAAE FAE % & o) L PaviEel 41 AL AHgdn
W2 oln] 40 o] AL 1A go)} bl Ao dot AA Aols FHo R AP AP B
wHE MES o] &ahA] & AY Heples AEES A717F A Fvkal AAA L 9lo] oA
A7) ol mAQAA AFREA A% e A wAE WES AFEshe avbEe] X @
a2 LYEA &tk 2 EolME wyE HE oh o2 9] A wge o] oAl A-gstr] Wi
of wg& HepAs PRS0 she HHo] FEo
2 FREoA e A A5 53] e HA
TRl YMAMS, MEUE XTHEY mEDE YaRmE, ahdo| 2R Ho] Fesly =W Ao D3t Aot}
J]ng—f 57 R R
brysieA AT ASCHEID X[o[ifEie BESmAl EEN S HEdde gy QAk R =
XA ERE HAl 2A Tzt gleng, S5ad wgFA
E S5 IS 28 NN S S 2 A4 gAelnAt @ o g £ Agshs Y
-2072-2651. e-mail, endoson@snu.ac.kr o ZxTHWHO A Ol= & slalxdo] AslEl o
%ﬂ@—?%/f 200959 740//OJ4LK/074§%/ 2070,5{ 7C>J 22 L ‘j_——li‘?_‘ba_ﬂxej] _1_]_—\_. T §‘]—_1L"‘I1l =" 1=
SITAEIA: 2010 18 262, ol J2AAE 7 AHgsts Wyelth &
DOI: 10.4041/kjod.2010.40.1.27 SHAS AZAA e FAEE SI/MIATFE



0X
=]
fol
0
>
_Q;I_
rf
Mo
i

Holl= green stone©|Y} highspeed handpieceE A}
she W= o olHn © BIAQ WU
sandblasting S o] &3l W o|t)’ slekzel Agt
2 FojdlF= WH S 2= 4-methacryloxyethyl tri-
mellitate anhydride (4-META), 10-methacryloyloxy-
decyl dihydrogen phosphate (10-MDP) & 43 2
o] =2 AES 717 metal primer 22 inter-
mediate resin 55 AH&-E= WPHYE3} silica®) silane
S 0] 83 silicoating WY 5ol Ak’ Zefel A

< olgd =84, s HAMEe] Bl A
AREE AR Blug AFe obF vf¢ Fainh

Light emitting diode (LED)%= 1907 Z:7) =] QAA]
T A2 Az FEl AFEE7] AIZMEE A2 10
od yrol x| ¢kgkeh! LED7} 7]E0] AMg-wof
< halogen light 2o} -3k & 71 7, 22
Har, d dAo] Ao grge] A#E AR5
ol freld F& el S vEde 4 5
oltt." LEDE A8 43S 7F4 plasma arc light
u laserol] Hlete] FA|o] =717} 2o 74 e
Al zte] 7pestm? 7hze] Agsle] 1 Algo] A
S7Vete FAlela, ml=e A9 #H< LEDE AHS:
st wgelAke] 47} halogens AHg-sl= 1<
AR} ZolH)?

w38 Bepls B SEElE ARgete] A

&
o
L
3

It of

21e W) LEDE ©| &3t Fad= Aldste A5
HeHd FWolAE 7129 halogeng AHEsh= 3
I HZ= " aetE P S8 S(degree of cure)t 5
AN ztelE YERNA] gEtin HuEdoy, &
Exme] H2E Aldo]| LEDE A8 A4+ o}
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2 dAde 7PE EoH a5 A=
Azre o AFg-Ee]z] & aluminum oxideE ©]-§-%F
sandblasting - 4-METAA|E 2] metal primerg ©]-§
gk I REdged s del AREEAL o o
A A orE AfE vk oy opx
7HA] w G Felde kA dE] AMEEAlE g1
) silicoating = silica coating' = ©]-8-3t], &=
e ®Ho wHFAE H A § LEDE AHES
o FFFAIZIA, AR ATl mE HFALE}
ARI9| ZolE Hwa|E e o 1 H&o] gt
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Type III gold alloy (Au 50%, Pd 5%, Ag 32.5%, Cu
11.45%, Argen Co. San Diego, CA, USA)E Al-§-3}o]
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Shear force

Acrylic ring

Alloy plate

Self-curing resin

Fig 1. Alloy plates were embedded in cold curing acryl-
ic and placed in acrylic rings. Each plate was oriented
so that its surface would be parallel to the force during
the shear bond test.

ZF2AMZ ZH7E 10 mm, T4 1.5 mme] FEHO=Z Al
A AL o5 ABE Ar1Eee o}2
2] g F(Leocryl, Leone, Sesto Fiorentino, Italy)-= A}
&3t acrylic ringel] vi=3kAT} (Fig 1). 2k Al 9
w29 10 x 10 mm HTHS HAH 275 (shear
bond strength) & ol o] &3}t

7zt Al pilot studyE 138k 50 #m<] alumi-
num trioxide (GAC, Bohemia, NY, USA)E 10 mm 7
2]l A intraoral sandblaster (Air-Flow Handy II, EMS
Corp USA, Dallas, TX, USA)E A}-&-3}o] 2.5 bare]
dHoR 1527 Aste] EHS AZA wHE £
MESHA A, AZAZAS. T F metal primer
(Reliance Orthodontic Products, Itasca, IL, USA)S A
Aol o] wEm 183F AZAIFATE 022" slots
7H g A5 -84 5% HE(item number:
017-875, Victory, 3M Unitek, Monrovia, CA, USA)<
Transbond XT (3M, Monrovia, CA, USA)S A}-&-3}<]
A ZALe] A Aol whe} F2bebar, F o] Ak #
& 25 AASAH AFEE Ba2lo] base WA
€ 1056 mm’tk.

WA 10702] A1 LED %% %71 (Ortholux LED
curing light, 3M Unitek) & AH&-3te] A SellA] 5%,
LA SN A 527 FFAIZ F 2447 B 37°C]
Frd A FHTd Eo] Ef F Ao} uni-
versal testing device (LF Plus, Ametek, Albany, NY,
USA)E ©]-&35}o] Toroglu$} Yaylali®e] 74P 3}
T Yo R ARHALES SHsuh 5%
Al crosshead speed= 1 mm/minS. = A% 331 th.

343, HAe] LEDE o] &3 HEad Aol
o A2 Al AAnies 2] S A LED
BEH7IE 1027 AFESISS wolle w2
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WA gde gl 2o B3t o8 a5%
o] 7] wjitel Fid Tl o] FAARA|A| Fote] B
< HAAEE HQl Zlojgta Adsto], & A3
B baseol| = primers =¥35}a 10533 &3}
31, 71 % adhesiveE HFE F A|Hol| F2bslal U4

oA 2024 4027t TS Al

AZE Al A F 307N 2A, AGHALEE
e & zF AJH 2] FH-E Shofu Gold Polishing Kit
(HP 0303, Shofu Inc., Tokyo, Japan)< ©]-&3}o] pol-
ishingd}al 5+-%F ultrasonic bath (Bransonic, Ultrasonic
Cleaner, Shelton, CT, USA)ol|A 7§3LelA 3 3
oil-free airg ©|-8&3ste] 7AZAIZTE Pilot study©llA]
3070e] Aol BF AREEIRLAL, 9ol 71 pol-
ishing HS AH & Aol A& on & 4
A3gell dag Aol F 60747 W] 23
G A A = A1 9] polishing ZHg o] A= ATt A
P2bg F2] AlA polishing= Nergiz & 2 A7
= Fzxsih

Azt Ao mE ASH2r =] M Ekel, metal
primerE AF&-3F 3} silicoating= A3 e 2] A
AT 2po]l & ol 7] gkl HA AP T
A oz |2 star, i 10709 AlES A
3712 3FAT} (Table 1).
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Table 1. Alloy surface-conditioning methods and test
timing of each group

Group N Surface conditioning Test timing
1 10 1 hour
50 #m AlOs + metal
2 10 . 6 hour

primer
3 10 24 hour
4 10 1 hour
5 10 30 #m Silica + silane 6 hour
6 10 24 hour

ishing¥t & T A@HH ol AHE-sHATh

4 - 67 silica coating 28 = AAISIATE 30 #m
silicon dioxide (Cojet-Sand, 3M ESPE, Seefeld, Ger-
many) & ©]-&3ato] A|Ate] X AJo whek AlHe] &
Aol A 10 mm HolZl FoloA] 2.5 bare] o=
1523F FUA 2 & XHZ air2 7|23 st
silane (ESPE-Sil, 3M ESPE)S H}Z2 & 287t oil-free
airg ARgote] WS AXAIZTE o|FEA AHeld
AlAe 1 - 373 Fdst Her 35 Heplle
A2 & FazolA Z47] 1413, 6413E, 2443
Hostn AHGAFLEE S5k

FAIAEE $13Fe] SPSS program version 11.0
(SPSS Inc, Chicago, IL, USA)S o] &3}ttt =4 &
AAAdd s MPaz  $4Hslal Kolmogorov-
Smirnov test® 747343+ A3} (p = 0.05) ZE o] &
TEEE BYornz guAzel A7t Ao w2
S dolrr] fste] o] FEAhEA (two-way
analysis of variance; two-way ANOVA)= A]3)3}9]
o} 7} o] AR} o] B4R o] A x)
£ Table 29 ¢} )

AHAFAEE 545 + AlHy Bl 59
A= e HAA Q] FS Adhesive Remnant Index
(ARD"= 7}sta1, 7} 2ol w2 Atol7} gleA] A
HH7] 9le] Kruskal-Wallis testS AF8-3F3 T}

AT
o] EAHEA o] A I} metal primerS AFE-3F O]

Table 2. Mean and standard deviation in shear bond
strength of each group

Shear bond Significance sign Significance

Group strength (surface sign
(MPa) conditioning)  (test timing)
1 484 + 1.34 a
2 472 £ 1.15 a a
3 739 £ 1.18 b
4 845 + 268 c
5 9.69 + 255 b c
6 13.63 = 255 d

MPa, Megapascal. The same letters are not stati-
stically significant at ¢ = 0.05 by Scheffe’'s multiple

comparison.
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Table 3. Frequency and percentage distribution of the
ARI scores of the 6 groups

ARI scores”
Group

0 1 2 3
1 10 0 10 0 0
2 10 0 10 0 0
3 10 0 7 3 0
4 10 0 6 4 0
5 10 0 7 3 0
6 10 0 5 4 1

*ARI scores: 0, No adhesive left on the specimen; 1,
less than half of the adhesive left on the specimen; 2,
more than half of the adhesive left on the specimen; 3,

all adhesive left on the specimen.

1} silicoating= AHE-SF ol 244]7F o] ATy
A= oo Eken, 22 AtdelA =
silicoatingS AF8-8+ ©] metal primerE A&t
Ho} fofsid =2 HAYEE Bt Metal pri-

mer-2 2 1A|ZF Foll = 4.84, 6A17F Foll = 4.72
MPaZ H&=He WslZl gllon, 2441 7F Foll=

739 MPaZ2 2|3t Z715 2t} Silicoating2]
A% H2Z 1A Tl 845, 6A13F FollE 9.69
MPaZ <zt S7Fsle Ak AAINE BAIH o=
SoJ3k ztol= g1l 24417 Tof| = 13.63MPa®
Ak 2z o] v«l?l 718 #EE 5 g

(Table 2).
Z¥ 9] ARI+= Table 39| e} °1\:1r Kruskal-
Wallis test A2} Z+ o+ 7+e] ARIE /93 Alo]&=

Holx] gkttt (p > 0.05).
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Aol A B2 AHAFBEE Nergiz 50] 7
7]_%%_503 %"Zﬂ% /\]—%60:] Q_ Enqo]] 24;<L 1201
Fo 233 ghH ke Yo silicoating Al A A &
& W 19 MPa), silicoatingS A&+ 2] 7350l
£ Swanson %1201 AR oF ERcl LEDE A
o] Fx3et = 24/\]{? To 2H e FH0E =3
] 122 - 14.8 MPa)@= SASlITh

szsle Balgrlo] AL Falubgo)a] vt
Asle A2t Z(free radical)e] FrHo] 27| W&
A7 G ol Fol = o] A&HE Ao L
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Z Slt} Halogen FT37 |2 F5&st= A% 6 /\]

SA R
o= oRzte] Fr1E #AY 4 glom Lee"t |
A Bepll TR VS AHESte] HEE R
ol AFshe B¢ THES 243 TR 2T
7kl A5 53 ol Foll= AP Afol= Hol
Al g=rhal skt o Aol A= 24413 F9
2 o] metal primerE AF8-3F o]} silicoating =

AFE-3E T A 1AIZE 3 6A)ZF Fool] W] Sk
=2 %S YeRfIT
LEDE o) S0 wgdddi = da] AHeH 7]

A1) AleAlzte] Fral x| o] Fo)7} Zo}
AH-g-o] ﬁﬁ]’sﬁ] w+? curing depth”} halogenol] H]3}
o] wj-f- 3 A dek oy o A
2ol 1:;5:413401] 2E5UYFAE F2ste A5 Al
A R 25 Yol FHakA] Falr] wEo, A
Aot A B RIS AHEE W Fjte] A
2}A) 6} transillumination®' o] 93+ &&= A9
A= F gitk AAX| ol M= 2027 O =2 HE
AEE Hol7le o 1022 LED F5d e

12
= Qidon A4 AAE"E 4L & 99

tha &4, 1022 LED 3O 2% halogen 3
T8 fARE Bl 92tER S Belda oy
vk itk ey Baple] 2717 & 7R F-8 tube
9] Afde U3 A7 HE& ZALSl % LEDZ}
halogenE T} W& HAYEE Httes Hix 3l
Ao ? o]2gk 2to] JA| curing depthe} AFE )
= Ao2 AZtET & AP E o] g curing
depth-‘l] Oﬂﬁhog 303 g] LED ﬂLZst_Q fsﬂ_cl tLHO]]
= 3MPa ©|5te], AdellA AHEshrlddl= YUF B
A A0 =7 #ZE A 4029 FFS dlok
QAT E AL 2= 9]

.

= = T MAR L 7)—121?: /lgz‘]l-

AR R =1 SN =l M)

Hrh
LEDE ©| &3l o'l 23 oA halogens AFE-3+
I HHPE AR5 vjel® = 7]

31, 9 AFE hal-
2 Watole g

6A13F o] ol @3] o W o] JAY S+ 7
Fe B2L F A AL o|=g LED F5 4]
o] 54w st B HFele THHA &
= FEe] Bkt Ak Sl YA Wi
d Ao 50

oyl A lx= LED?| o]2f3t S4& e sto]
B}l baseol primerEs A vlE & FFsio]

=24 base AA AFedZS IPANAE F
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A2 ke WHE Akt 2 baseol Tl
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4-METAZ 2 9] metal primerS AF&8h= 2% H
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2 AALEE6 - 8 MPa)*Htl B 7S
o, 24A17ko] A pAfok A HALEE A
Metal primer2.t} silicoating®] T %2 HAE=E
Hol o] f5 AR, WA 4METAE F4EH
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P eto] 23S AFsk7] Wl Zo),” nonprecious
metal A O e H2AHE L3ste 54 7t
A3 doke Hol® FgFe] T 24 uo
= =228 & Us Aot
Silane¥} silicax= %R 2] hydroxyl”7]7} @A
7te @b oz AetAl A eetH, silaneS EH3F
dl 712 theA) (oligomer) 9= EHAo] S A o] 720
A HA AA Al SHA T silane &5 EH I
A3 Adgsx gl 35 F9 silica YAS
ZyatAl EAbste] Alete] EHI {ALSHA silica Y
271 mlAlEHA v AR BHE e F=
silicoating *H-& w59 Aoy 1Hel 4bshet
A4 So] P WE x| ¢y wjio” Eitey)
s ol F2e o et Al 2
< AFa”
4-META} 553%™ 3he] 2= 3t silane} silica
YAtete] AtE S AR vl w3 FolE &
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4-METAE ©|&3 Bz

Lo g

AAE141 - 171
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B9 ¢ AR S =xay] A 17 e 58
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A Az E B & 7 YolA e 1&, +
7} e E sES ZgEE AL FHstn g
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-1, 2, 3¢l v]3te] 4, 5, 6ol A AlA FEH] F
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Shear bond strength between gold alloy and orthodontic metal

bracket using light emitting diode curing light

Min-Ho Jung, DDS, MSD, PhD," Shin-Hye Chung, DDS,” Won-Jun Shon, DDS, MSD, PhD‘

Objective: The need to bond orthodontic brackets onto various alloys has increased because of the increasing
demand for adult orthodontic treatment. This study tried to evaluate the shear bond strength between gold alloy
and metal bracket using light emitting diode (LED) light curing after metal primer and silicoating surface
conditioning. Methods: Half of the type Il gold alloy plates were treated with sandblasting with aluminum oxide
and metal primer containing 4-META, the other half were treated with silica and silane. Metal brackets were
bonded with Transbond XT light curing adhesive on these plates and shear bond strength were evaluated 1 hour,
6 hours, and 24 hours later. The differences of shear bond strength between groups were evaluated with two-way
ANOVA. Results: The results showed higher bond strength in the silicoating group and a tendency of bond
strength increase over time. Conclusions: When using LED curing lights for metal bracket bonding to alloy surfa-
ces, long curing time and silicoating can produce a reliable bonding strength. (Korean J Orthod 2010;40(1):27-33)
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