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S7ksta slom, w7zt Fete] AnA e Wl wHE Hepls FEee e Sz
AAl FrkehEA 24 Baple 9l Angds FH J& dzle] 2uA A Wil golatA|
sl dsty] gk Akl Balllo] AvEo] g At gt 284 tholol 2= ¥t aluminum oxide 1A
453 ok Be wHoEe] A Hepls B o] &% A4S B4 Sol= EUS A
ARESH O §84 T3 dSEH Uk A A 8HAY silaneo] 2} E2]= coupling agentS
AT B A RS uFA 7HE 9 bS] AgE S FUMAIIE W, Ee A
o BAES 7B a glof, ByAQ Ak WY QA Z& BihE o] gdte] WAL E st 59
o ¥AY WA § wHE Hepls A cheFer EHA eyl A= gk
Wolf 5''& Hepl 22 A silaneo 2 EHA 2]
g ke AS =8 ZIUEE Holu, Bl AlA
AL, ChIScHsmER X|TDy D = . _ =
"M%, hPIlERiC s IS P2RleIpeD; Al SRS 1ol EAFTL Haslel
WAL ok, ojze] AFENA kS o] &3 Ao} M=
CHTA 7 i 45 3056-681A] 77 HS2/chst Mgl x| nf A}, EgtAE L oA o g7 HlolEo]E el H2te
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oxideE ©]-&3t MEEetxgo] EAMETH T
2 0-& HojFEQ]t) Barbosa 52 w4 AR
2 EARS 3} 7 Ulol]l AFE Al Abel ot S
o] f1AA o] A&FS Husnh

Silane coupling agent] A}-g-ofl T3+ o] Aol
M o] ARE AHEste] A EAI Bzl 7h
o AR Ee] 712 B FArh™ Kocadereli 5°
< xAd o Mgk HePls 53 Al silane<]
AHEC 2 QI AR ETE EA 6] SUHleS B
SFA T

1960 A tholl Maiman"ol] 2]a] FH]go]x7} &
H o]F =2 X7 FHolA HolA ] F&Hg T
o] Fox] 11 gt} CO,2F Nd:YAG laser= 2|3} <
o 71 HHAo = AMEEE T/ #olA o]
o g godel e Bapl 23S 93 oupd
o WA, F& Uzl FF3, wEE& Bepl
53], Algp] Bl AA T A7 thdstAl Al
EQI’_ 9}]\]-4_‘16*18

CO, HlolA = W& o] M- A9 &
7] wfioll A FAA ] 7 Agsiet) o
X Focused CO, Fo| A7} ZAEl EH AEE
g Foll 2/ ] o] FAdEH o] A o]
g dlxF ZA- Alolo] ZIAA fAE S Fof
F7] wj&olth®

Jeu @2 Bl B3 A] glo] A & o] &gt
A FHA ] g AT Fhgol| B3|t
ol AFolM= XA T Mt Bl A
2k Al glolA AL Bl ZAIY EHAEE Al
st A 1 Qo] e Bl WA vl A
o zto|7} A=A LotE iz} skt

12 9 of

—

Qb fmorfr

5!

S

B AT ATARE 907he] S#ol= AW
£-(Vita VMK feldspathic porcelain, Vita Zahnfabric
. Rauter, Bad S#ckingen, Germany)= 8 x 8 X 4 mm
AguA wepoz Aol gk Y
vl FWAe] 108 mm’e] gt 5 FA
A2 B2} (Clarity, 3M Unitek, Monrovia, CA,
USA)S A3} 2™ Transbond XT (3M Unitek,
Monrovia, CA, USA)E Alg35le] HapAl S & &
40%3} Optilux 402 (KERR, Orange, CA, USA)E A}
gsto] Tkt FHE FAY 2L 37°CY

2 oo 1o [T kM
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SHelA 24X A7gekelh glolAdl gk &
HAxgl2 X2 CO, #°]*(Nova pulse LX-
20SP, Luxar, Bothell, WA, USA)S Al-&3}ith

e

e

Al A2}

907He] A FES AlFFete] F2Hel 2 8074 <]
AP} 1070 Rz EF3lNTh dd+e
FE 10704 8o AEstetn HE e A
o 2eol= S 92 P wFStq Ak
g Els st Al S ARt wg 4 B
e WAl 108 mm’e] gt 9 FHA) B2
2} (Clarity, 3M Unitek, Monrovia, CA, USA)S A}
&3tk Bepls FAE] el 42t i
Agrol A=A AAabsta AW AlukA| 2 Alwl 2 A
2 & FAE Aol Axsiich. ddwS A
FHe] FElo]= FF toloEE= H(SHOFU, Kyoto,
Japan)E AH&-3te] A|ASIATE 2T EHS 2
golz JeE 2= FA AT

H
g FWe CO, #HolA XAl tigh &35
<ol R 312} superpulse mode (15 msec, 2 Hz) = H 3}
= 7}z 10 W, 5 W, 3 W, 2 W2 A3 st] 20237t
I

glo]A] AL & FAF A2} An|P o B (SEM) &
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REES AL AR v B4 23} 10 WE 2
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XA o] FHA 2]

Y 27e olfd FHAe S ok &a o=
& U BESH] Heplls Faeisinh A9
T2 B A Aol Frel wEh v 2ol Al
oo R Wra guAe| g s AN F F33Y
A2 YRE Abgste] AzApe] A Ao whet Hal



Vol 38, No. 4, 2008. Korean J Orthod

Neh gapg Bxb Al Z0Ae| g0t

15.0kY x500 100um

Fig 1. SEM photograghs of laser-treated porcelain surfaces. A, 10 W (X 200); B, 5 W (X 500); C, 3 W (X 500); D

2 W (X 500).

AL FAstHon ool 2 woz T
Q1A 22 7H(OFA): 37% Q14 1 %
23t FRFE AFH T oo] A]7A

14F X2] ¥ Silane A 2]TH(OFA + S): QlAte =
WA 2] F silane coupling agent (Ultradent porcelain
silane, Ultradent Products, South Jordan, UT, USA)E
Aol Ao A S 2B,
E4F 2] (HFA): 9.6% E4MAS 133 A8 &
ZE’*; 20%7F AlAHE St olo] AlfAE Az
S
E4F Z%E] 2 Silane *2]TH(HFA + S): &40 2
EHEAZ T silanes =F3FATH
Mg E2SB): 5 mm AgolA 5327 80
psi®l Al 50-micron aluminum oxide (Micro-etcher II,
Danville Engineering, San Ramon, CA, USA)Z A=

Jh=t Slane x%aHL(SB +S): M=E
gtxE & sﬂane% g3t}

Jo] A A 2]T(L): 2-watt power® A H super-
pulse mode®] CO, #|°]#(15 msec, 2 Hz)7} FEEl|
2027 ZATE AT

o)A 2] 2 Silane AL + S): #o|A F
WA 2] & silanes AHESte] £ EHAEE A
Risisa=
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High Wycombe, UK)E Al-&-3le] Bl &go] W
Ak w7kA] B 1 mm2] cross-head speed® A
A e HasiA Bl 9o stes 7hste] A
zho] B H == £t HusteS ST A
G2 EE Bepl 34T HU YR yro]
MPa= A|4TE AT (Table 1).

SAXEZ
SPSS 14.0 ZZ1=(SPSS, Chicago, IL, USA)<

AHgstel 7t Aol ) AR AT RS B B

Table 1. Measured values of shear bond strength of
each group

Groups No Mean = SD (Mpa)
OFA 10 281 £ 0.37
OFA + S 10 722 £ 1.09
SB 10 341 £ 0.37
SB + S 10 10.16 + 1.27
HFA 10 10.09 £ 1.07
HFA + S 10 1392 £ 1.94
L 10 786 £ 0.96
L+S 10 825 + 1.24
C 10 246 + 1.36

OFA, orthophosphoric acid; SB, sandblasting; HFA,
hydrofluoric acid; L, laser etch; C, control group
(glazed surface); S, silane; SD, standard deviation.

Table 2. Bond failure patterns (unit: case)

CHXI™X| 38 45, 2008

R = LA
S ’z}ifﬂ'ﬁ] =, l"i:" O]-_LX} Tukey testS ]—%‘3}05\31
oA

A AR skl

Z VR tza gl Adae] A a3t e
E vlwdly] fJ8 HAF o= ANOVA tests (p <
0.05)E At&staict 2tz 19 Agld AL 19
of w8 Heplo] Hzkd uf PFAE F A
S E S =% 5te] Table 13 2L A E At

Ht Zd%?é?%%}EL ol FWA e E Alst

A ke x| A% 246 + 136 MPa, 8712 4
A= B4 2%?49} silane= Aol Al o
(HFA + S)°lA #H 1 AT7%=(13.92 + 1.94 MPa)S
Ho]3EQla1, SB + S (10.16 = 1.27 MPa), HFA (10.09
+ 1.07 MPa), L + S (825 + 1.24 MPa), L (7.86
0.96 MPa), OFA + S (7.22 + 1.09 MPa), SB (3.41
0.37 MPa), OFA (2.81 + 0.37 MPa), thZT(2.46
136 MPa) &2 & uEelytth #olA(L)+e <lak
(OFA):rL 2 Me=Eg~E(SB)ol B8] A3 =

< #$Z ARy, BAHeE foatE Bt
(p < 0.001). SilaneS Algsle] xR oz FHA
2t #& go|AE o]t FHATE I o=
Al 218kl silanes AHE-SHA] @62 el Bl =& A
GAFHEE HAFom, o]z FAXCR {9
gk ztol& YERMARITE (p < 0.001).

I+

+

Groups Adhesive failure Mixed failure Cohesive failure Total
OFA 8 2 - 10
OFA + S - 3 7 10
SB 8 2 - 10
SB + S - 1 9 10
HFA 8 2 - 10
HFA + S - - 10 10
L 8 2 - 10
L+S 7 3 - 10
C 10 - - 10

OFA, orthophosphoric acid; SB, sandblasting; HFA, hydrofluoric acid; L, laser etch; C, control group (glazed surface);

S, silane.
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HE S AHE A silanes MBS o
> EH—‘?—-F: £ % 9-4 (cohesive failure) S ERY
S AMESHA] @S oA = AR
(adhesive fallure)‘i}’a‘:—; HolFQlt} dlo] A <} silane
< A ARSI L+ S)OlA 109 F 74 AW
J}XUr 3oflof Al o] E&ubd &, @A oA 2 g
gk (L) 104 5 8ol A 2] AT 2 24 of| A
9] EGLJ]- (mixed failure) S HogFATt =
T2 BF AHsbd S BITh (Table 2).
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23] 1 kel S71sFATh10.16 + 1.27 MPa, 7.22 +
1.09 MPa). T3 Balo @ AHA X238 F(HFA)
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Superpulse mode2] 2watt-CO, #|o]# 2 EH 2]
g A5 Bl FEAE 9 Add s e
+ AA3(7.86 + 0.96 MPa), A MEzp~E
(SB), Q11HOFA)el ©]gt AH-2] A2 9 o ko
v o 2 gk JeE e 1“ EAHLRE
o)gt zol2 KT (p < 0.001). & o & 27
== 98l ol A ¢} silanes SA °ﬂ AHg-ste W
O] FH9 & 9o’ b Fol vla) silane A

F 2 gkl Al ek, BAIA SR Rl
51 zfol & Holx] ekt (p > 0.05).

Silane> x| 78 EA|-AZ} B3 # 7] Afolof] 3}t

A A4 12 E AFeta 49 f7148 FES X

(I

/‘1]‘34 24 254S S7RA 9 A vAzIAA
AZHe A F3} Kocadereli 5°& Al2te] Bz}
FAR B Aol QA 02 ALET F U A
517%‘:_2 A7) 9130 silane2] A& FHETS B

< 3 glossy phases ¥/d3ste], oAl &
WA 77| BE IA—AY Y3 Alole] A
S ZIMNAFH EAS silaned} WHS-Sho] 3}8HA]
A G efQ silanolS A, A H FHIe] A=
<& =N uhabA i/ﬂ g FHo] B4 Ae
H silanes =X Fol ST A EE thE od
THT A8 st on EAFOR fojats

AtH (p < 0.001).

2ol 7} Aoh ol A48 wf 714 nelslolof
s} U;(ﬂ e x A0 7 0|3} z]’\ 1\/\}0]13] A
glA o8 88 ek A dﬁl gA evhd
Ag £ dojuA] @ Aotk Zacho}
Cohen™ & €3 o] RJolol] Ao} x| 1 &%
7} 1.8°C S7HE W oW A £ HolA| &
%S PAEA L, Akova 5o ATl 2-watt
superpulse CO, #@|°|AHE 207t A FH =
ArlE W A S 5271 02°C sl ol=
2 o] dold F e 2= PR ko=
S7HdE Hasiith weprd ddH R wyle
A2g 98 o] AFE Al, 2ol obrdl ol
e o w Azeinh

we} elolAi7} mlefel AR BAI7} A%
SR A7k A BlolA] Hepl A3 A, 9
ArpEe) AR Adel © 4 g Aclth old] 2
A= Fow ¢ 2o A7) Faslele Qe
=3

rL o
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IAYE FES EYste] T 9079l AlHe| o
F& wHA 2l S Alsto] Al Bl Fatbe)
Aok 2w A5 ok ®UATE oA 21
Zdlol= S fAlste] Beplle FAesla A
Fre 8 Fo v ¥¥ Ay F deplg v
stk ws AlR7IE olgste] AEER =S
St FEPTS vla BAst o 2
A3s AUk

[u—

CEAE AGAR)EE= HFA + S (1392 + 1.94
MPa), SB + S (10.16 + 1.27 MPa), HFA (10.09 +
1.07 MPa), L + S (825 + 1.24 MPa), L (7.86 +
0.96 MPa), OFA + S (7.22 + 1.09 MPa), SB (3.41
+ 0.37 MPa), OFA (2.81 + 0.37 MPa), C (2.46 +
1.36 MPa) <=°]%lt}.

2. SilaneS F7F= A 2]3 BE oA ARG A%
ARA=7 S7FFATh

3. glojA e Qi At @ MEEekag] ol H]
a dAs] =& ﬁ%@?ﬂ%ﬁ%é HolFolomn,
SAHCE el AlolE Bl (p < 0.001),

& o] A <} silanes 7 A2l gt ;LEE}L e gk
< Bgoy BAAC] Fog Aol gl
< 0.05).
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ORIGINAL ARTICLE

The effect of using laser for ceramic bracket bonding of

porcelain surfaces

Kyung-Mi An, DDS, MSD", Dong-Seok Sohn, DDS, MSD, PhD"

Objective: The purpose of this study was to investigate the effect of using laser for ceramic bracket bonding of
porcelain surfaces and to compare it with conventional treatment of porcelain surfaces. Methods: Ninety feld-
spathic porcelain specimens were divided into 9 groups of 10, with each group having different surface treat-
ments performed. Surface treatment groups were orthophosphoric acid, orthophosphoric acid with silane, hydro-
fluoric acid, hydrofluoric acid with silane, sandblasted, sandblasted with silane, laser etched, laser etched with
silane, and glazed surface served as a control group. In the laser etched groups, the specimens were irradiated
with 2-watt superpulse carbon dioxide (CO;) laser for 20 seconds. Ceramic brackets were bonded with light-cure
composite resin and all specimens were stored in water at 37°C for 24 hours. Shear bond strength was de-
termined in megapascals (MPa) by shear test at 1 mm/minute crosshead speed and the failure pattern was
assessed. For statistical analysis, one-way ANOVA and tukey test were used. Results: Statistical analysis
showed significant differences between the groups. The HFA + S group showed the highest mean shear bond
strength (13.92 + 1.94 MPa). This was followed by SB + S (10.16 + 1.27 MPa), HFA (10.09 + 1.07 MPa), L
+ S (8.25 + 1.24 MPa), L (7.86 + 0.96 MPa), OFS + S (7.22 + 1.09 MPa), SB (3.41 + 0.37 MPa), OFA (2.81
+ 0.37 MPa), G (2,46 + 1.36 MPa). Bond failure patterns of HFA and silane groups, except L + S, were cohesive
modes in porcelain while adhesive failure was observed in the control group and the rest of the groups.
Conclusions : A 2-watt superpulse CO, laser etching of porcelain surfaces can provide a satisfactory result for
porcelain surface treatment for ceramic bracket bonding. Laser irradiation may be an alternative conditioning
method for the treatment of porcelain surfaces. (Korean J Orthod 2008;38(4):275-282)
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