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Fig.1 SEM image of an experimental zirconia bracket
(original image: x 20).
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Table 1 Orthodontic adhesives tested.

Adhesive Code Curing type Main component Manufacturer
Super Bond C&B MMA Chemical cure MMA, PMMA, 4-META Sun medical
) Filler Bis-GMA, .
Trance Bond XT CMPT Light cure TEGDMA, Bis EMA 3M Unitek
Class Bond RMGIC Acid-base Alumino-silicate glass, GC Orthory

reaction + Light cure

Polyacrylic acid HEMA

Bovine tooth T
Orthodontic adhesive

/\\Elt 30mm
Zirconia bracket ~//% 2. 5mm l

Cold curing resin

.

—P
J7mm,: 1.7mm

Fig.2 A: Photograph of the testing device for the
shear bond test. B: Schematic illustration of the
testing device for shear bond test (shear stress
was loaded to bovine enamel in a mid mesio-
distal direction).
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Shimadzu Rika, Japan) 2 & 2558+ x >~ b ERE O FH
#ATotz. 7Ty MEHOKRR A v MR, EEE
A v MER/EANME (77 7y MEYUEHOmHRE) OF
SEEE LT, BHETRDE (n=7).

9. Witz

B ONT-E AW R S, BIEHEAR & SEn
MLFE A FER & LT, 2-way ANOVA 12 X % a4 45
Mraito7z (p<0.01). KEAEHANIBIT 2 H—RE S0
OFEARS, FHRMUILSL X ORI B %O F
WHLSH, 797y MEEOKRS £ A >~ bR O
WA BZOBEX, Tukey D% HILEMELE 2 H iz
(p<0.05). F7z, Min24H & TC MO R S MI2iZ
ttest Z AW T ENENHETFMNE B EDOREEZIT- 72
(p<0.05).
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1. REMHE
AMEvva=T7 7oy POHEMNEKEHIE Ra) %
Table 2 IZ78F. ARUWLBELTIZ 0.07+0.01 yum, GRD ALE
T 0.06+0.01 um & 7 D IZIZFEBED/NE 2 FEHE 2
RL7z. Lo L, ASBALEE L TBC WMLEL-ClE, ARuLatl
GRD LT L CTHEHFICH W (p<0.05) KM & 7%
v, ASBALEETIX 0.79+0.01 um, TBC WLFLTIX 0.70+
0.02um & 7 o 7228, A FICH B R ZITRD LN Lo
72 (p>0.05).

2. EEES
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Table 3121%, LY vt x v hoOfHZL O NI KM
TLEE, FESCE & BN & Lz, ZInRE it o R
WERT. LYV X v OB & OVK 2 0L,
KL O ERRIIBNT, MEHEMIZE, WIFhbAE
72 (p<0.01) BRBRHOHN, T2, ZIWTHOKREMEH
IZBWTHEEE (p<0.0D) 2RBDLNT.

Effect of Surface Treatment of Zirconia Bracket 105

2) FKEWLHE, FIELEORH

Table 4 |2, SHEE EHEAFNC BT AL (G&
TALEE, RmCELE) 2LV vasmTReT3I vy

WX d % M 24H OB R S OR R RT. 4RI
72N LT VT 7 Xy MMIZHELBHREOMEZ
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FHEMAEAE T b - THFICHWEZ R L7z (p<0.05).
%72, GRD LB By < KIMALHE, RELEMIZBIT S
BAEMSICHEERE (p>0.05) ZBDSNLRD- 7.

CMPT o # 7 5% & 1 MDP, TBC, SLP ZLF{ (% GRD
WLER ASB ALER & LT, BFICEWHEZ R L7 (p<
0.05).

RMGIC D#:7 5 & 123> T MDP, TBC, SLP ALF (%
GRD, ASB MLFE L FA~CTHEEIC mw%%ﬁéﬁKO%)
D Sz,

3) IR B T 2 FIEH AR O R

KRG A A 5 A W5 50 SIS TR 28,
ASB LBl B2 # 58 £ 13, MMA (& CMPT, RMGIC &kt
NTHFITHWEZR L7 (p<0.05). MDP LB OEHE
i %1%, MMA, CMPT i3 RMGIC & LR THZE 12/
fii% " L7z (p<0.05). TBC ALBL D7 0 X &, MMA
& CMPT, RMGIC & AR TH ISR WIS R S 2580
5N7z (p<0.05). MDP 3 X UF SLP ALF D45 75 58 X 13
MMA, CMPT (2 RMGIC & T I mwﬁﬁﬁé
RO LN (p<0.05).

4) TC BfIZ X %52

FABIE AR O TC DA R S O E % Fig. 3~5
WRT. TRTOFEEHICBWT, GRD, ASB ALELIZ

BRI THRD SN (p<0.05). L2L, MMA®

Table 2 Surface roughness (Ra) of several pre-treated zircoia brackets before bonding.
Means with the same superscript letters indicate no significant difference statistically (p>>0.05).

Surface treatment Surface modification

Pre-treatment Non-treated GRD ASB110 TBC
Ra 0.07* 0.06* 0.79° 0.70°
(0.01) (0.01) (0.01) (0.02)

Unit: um, ( ): S.D,n=10

Table 3 Summary of the two-way ANOVA analysis.

Main factors Sum of square Degree of Means square F P value Significance
freedom
Adhesive 3497.2 2 1748.58 74.38 <.001 %k
Surface treatment 9520.77 4 2380.19 101.25 <.001 %k
Adhesive X Surface treatment 3514.4 8 439.3 18.69 <.001 %k
Error 2115.72 90 23.51
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Table 4 Shear bond strengths of orthodontic adhesives to an experimental zirconia bracket treated by several pre-

treatments, either surface treatments or surface modifications. Means with the same superscript small
letters (within the same column), and means with the same subscript capital letters (within the same
row) are not statistically different (p>0.05).

Pre-treatment Surface treatment Surface modification
Adhesive Metal bracket GRD ASB MDP TBC SLP
MMA 24.3% 2.18% 30.4% % 34.8% % 30.4% S 32.4% %
(2.6) (1.28) (2.3) (5.8) (3.9 (5.0)
CMPT 25.288¢ 1.6% 3.3% 31.0% B 15.34 Py 36.7% v
(GN)) 0.37) 0.5) 9.2) (4.3) (8.4)
80A BY 4.2AY 8.5A Cz 14.1B‘ G DY 15.ODY, VA 18.2DY, VA
RMGIC (13) (12) (22) G @7 62)
( ):SD.,n=7
60 60
MMA 024h zTC RMGIC 024H 2 TC
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Shear bond strengths of MMA adhesive to
an experimental zirconia bracket treated by
several pre-treatments, both surface treatments
and modifications after thermal cycling (5,000
cycles).

Surface treatment

Fig. 5 Shear bond strengths of RMGIC to an experi-
mental zirconia bracket treated by several
pre-treatments, both surface treatments and
modifications after thermal cycling (5,000

cycles).
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Fig. 6 The ratio of remnant cement (%) on the frac-

an experimental zirconia bracket treated by tured to bonding surface (bracket base).

several pre-treatments, both surface treatments
and modifications after thermal cycling (5,000 BT ANE & BT - 7.

cycles). RMGIC @ SLP #L ¥ C ¥, MMA, CMPT ¥ [t~<C,

MDP JLE % [ < +XTo» MDP, TBC, SLP LI, HEEIRO SN o7 (p>0.05) A5, AT AT
TC HDOFEAEME OWEE KT IZHD S5NT (p>0.05), BVE 2R L7,
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ASB MDP TBC SLP

Fig. 7 Photographs of a typical fractured surface of CMPT adhesive on the experimental zirconia bracket treated
by several pre-treatments, both surface treatments and modifications after shear bond tests. (Br: Bracket,

Rc: Remnant cement).

TBC treatment
Blasting AlL,O; particle
(0.28MPa)

’ Tribochtc.:mical ALO, particle
l reaction .‘
"5!:"‘

Y-TZP ceramics

Modified surface ‘
v Vv

Y-TZP ceramics

Fig. 8 Schematic illustrations of the principle of a
surface modification using the tribochemical
(TBC) treatment. The energy of impaction
transfers the SiO, coating from the particles
as a result of sandblasting with silica coated
alumina particles (110 um) at low pressure
(0.28 MPa). The bonding surface was modified
by the silicate layer.

3. WHEOHE

HEIEHEEHCB T 5 EAMRBRED 77 v b
KA OKRE L A Y RO R % Fig. 6 IR-7. 7,
CMPT (2 BT % & A Wi Bk 4 o 1 I 1] 152 15 o> . 70 451
% Fig. 7T \IRT.

MMA @ ASB LI % B < R CTOBEIEHEEFIC S
W, GRD, ASB LB 20% LT OEE L X v b RE
RL, 7574 v MEERTOREHEENZ S B Shi:
DIZx L, MDP, SLPALEETIZEE L 2~ F3IZ50%
ZHZ, TFAVERETOHEELISL S BEIh, T
NTOFEHANIB VT GRD WH & T, FHFITEW
TS5y MEHROKREE A Y FREIRLE (p<0.05).
RMGIC ® A # V754 v b TR 50% D7 54 v MET
DOt A~ bR ER L, RMGIC » MDP, SLP LB &
URTHERAIBD LN LD o7 (p>0.05). MMA,
CMPT DX VT F% y bTIET0%D T 547 v MR

SLP treatment
Blasting ALO; particle
(0.28MPa)

¢ @
| | II}
l ’ Modified surface / \\\\\\

AT

Y-TZP ceramics

Silano-Pen

Y-TZP ceramics

Fig. 9 Schematic illustrations of the principle of a
surface modification using the Silano-Pen (SLP)
treatment. The treatment was performed on the
bonding surface using a flame containing silicate
gas in a handy gas burner after sandblasting
with 110 um Al,O; particles at 0.4 MPa.

DR A Y FEERL, MDP, SLPMLEL L lERTH
BN eh o7z (p>0.05).

Z =

1. YTZP 7 3 v 7 R T 2 REUNIE, RKEXE
pubE

YTZP £ J 3 v 7 AIx§ A RERHE DL L LT, 7
VIF BV FTIFAMUELZETZEIICED, LY
VA Y MINT AEERSIIEF I LTS 2 L0 H
HENRTWEY, ASB WLHIZEWT, MMA ® ASB AL
HiZ CMPT, RMGIC @ ASB JLEE & [ THEGHFIA
BICEWESRS 2R L (p<0.05), MMA ® ASB L#
O HZ R RO SN2, CMPTDO 75 4 < —,
RMGIC 3B IC BT ) v —BE TR TR nDlC
HLT, MMATIZ7 4 59— RE2ET VLY Ui
W, EAME/ - LTAMETAZ&EHLTWA,
Dérand 5% I3 4META Z &L LY v A v MY a
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=TT Iy 7 ALK L CHFICESERS 2N 345
CERHHELTWSE., ToZEhs, MMA ® ASB AL
HCTRPEEEE ) ~—ThH s 4AMETA DFEEIZ L )
EWREIOMLEAEO LN EEZ HbNA. MDP ALREIC
BT, Ozcan'” & Vallittu % Wolfart 5™ 1% Y-TZP &
IV 7 ACKTHMDPE/ v —IC X BB, LY

YAV MIHTAEEMIEEE MLY%
WL TWwab. MDPALH O ETIX, T XTOHBIER
HA# o MDP ALBIE GRD JLEL & bR CTH I E W
BB EERLZ. SHIEMDP DY YEEISEH L Tw
2hnrEz2 505, MMA @ MDP JLE Tld ASB WLFE
LHART, HELEIREST (p>0.05), KALIER)HR
IZEIZED SN h o7z, Kuraji 513, Y TZP £S5 3 v
JACKRT B T I A MHMILIE LY K7 T A b
W, MDP €/ ~—oO %X, 4AMETA/MMA-TBB %
LIV XY MIWHT5EEMRSIEIBED LN LD >
el mELTWD. AR RD RO RLE LD,
MMA (2% L T 4META UM OEEEE /) ~— DRIRIC
DV, SHBRBREAPLELEZOND.

Y-TZP £ 5 3 v 7 AZxt§ AR EEE LT, b
AR I AN EET 2 &2 X0 AT AN L
THEREEINTWDEY., FIA Ry IV, >
Vha—74 v 7E3NBAET VI =T 2B KEHNT
KHETT7I A MUBEZ#EL, YTZP €5 3 v 7 AKMIC
WAL RIS ) o — b R R R S S RIS % it
THETHD., TV ) r—MNaORBIZYIT Ay T
VU 7RIERCTY S VI A ANLT, LY yEeX VT
DR=ALT eI ) O EERELSELT LI
X0, LI UeAY MY AR EE N LSS
5, L OWELDHLEEVATALATH A9, Kern?V 3,
TBC LELIE ¥V 3 = 7 AN 2 B PR FE ) 7207
TR r—MEORE bbb Z 25 LT
W5, TBCULHIZEED LA 59, 471, BT
LARVTHEEG2TEY, BREIN/z2) r—MEIZ
ARG & GRS G L ) v ua XY VB2 BEKT 5.

Kern?, Amaral® 5%, TBCLEIZX Y &)E, &5
IVIR, LY VREOWHHERICE VAR S L
IMENDH B EHE LTS, F72, Valandro® 12 5
AT ZMEIZXY, 2T 3y 7 RMOWEEL
LY VAV MIHT AN EERET S I L TE
ERS e EsE2sLomtdH s, 40 CMPT ©
TBC JLFLIZ BT, GRD, ASBMLEE X HRT, AEIC
BWEEEAMmS AR L (p<0.05). L22L, CMPT ®
TBC JL¥ T, SLPALEL & [RTH 1/2 AR S L
HRE R H o7z (p<0.05). Kern 5P I YTZP 5 3 »
7 A 3EHEE (13.0 GPa), B%E (6.0 g/cm®) TH 5
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72, FPIARTFIANVABTIREE L) r—NE
R TELNZLZHMEL TS, TOYTIP T
Iy 7 A0KM, S, TBC TIZSLP LI E  5RTH
HSCER R o7z FE 2 5N b, SLP LRI TBC
MBEFBIZIV)r—  NEERIR SIS L7008 E Y
AFNTHA. 4o SLP AL O F Tld, CMPT,
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Abstract : The aim of this study was to evaluate the effects of pre-treatments, that is, surface
treatments and surface modifications on the bonding of an experimental bracket made from Y-TZP
ceramics with orthodontic adhesives. The bracket surfaces were treated with three types of surface
treatment (GRD, ASB, MDP) and two types of surface modification (TBC, SLP). Then, the bracket
was bonded by three types of orthodontic adhesives (MMA, CMPT, and RMGIC) to bovine enamel.
Next, the bonding speciment was stored in water at 37°C for 24 h, or put through thermal cycling
5,000 times. Shear bond tests were performed to measure the bond strengths, and after testing, the
area of remnant cement on the fractured surface was measured using image analysis. The shear
bond strength of MDP and SLP were statistically significantly higher than that of GRD. The rate of
the remnant cement for MDP and SLP for all adhesives indicated high values of 60 percent or over,
and were significantly higher than that of GRD and ASB. We concluded that the MDP for surface
treatment and SLP for surface modification were suitable pre-treatments to enhance the bonding
characteristics of a zirconia ceramics bracket.

Key words : zirconia ceramics, orthodontic bracket, surface treatment, surface modification, bonding
characteristics.



