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Abstract

Background: This study evaluated the effect of ceramic surface treatments on bond strength of ceramic brackets to
machine-able ceramics and ceramic veneering metal.

Material and Methods: Machined ceramic specimens (10x10x1.5 mm) were prepared from Empress® CAD (E,),
and e.max® CAD (E,,). Ceramic veneering metal specimens (P,) were fabricated from sintered d.Sign® porcelain
(1.27 mm thickness) over d.Sign®10 metal (0.23 mm thickness). Each ceramic was divided into 3-groups and
treated surface by Er-YAG laser (L,) or etching with 9.6% HF acid for 5 seconds (A,) or 15 seconds (A ). Resin
adhesive (Transbond™-XT) was used for attaching ceramic brackets for each group (n=15) and cured with LED
(Bluephase®) for 50 seconds. Specimens were immersed in distilled water for 24 hours before testing for shear
bond at crosshead speed of 1.0 mm/min. The data were analyzed for the differences in bond strength with ANOVA
and Tukey’s multiple comparisons (o = 0.05). De-bond surfaces were microscopically examined.

Results: Bond strength (MPa) were 12.65+1.14 for E A, 14.50+£2.21 for E, A , 13.97+1.17 for E L, 12.40+1.95
for P A, 15.85+3.13 for P A ,, 14.06+2.17 for P L, 12.12+1.54 for E A, 15.65+1.57 for E A ,, 12.89+1.17 for
E,L,. Significant differences in bond strength among groups were found related to surface treatment (p<0.05),
but not significant difference upon type of ceramics (p>0.05). A , provided higher bond strength than L and A,
(P<0.05). No damage of ceramic surface upon de-bonding was indicated except for A . tends to exhibit ditching.
L, showed more uniform treated surface for bonding and no surface destruction upon de-bond compared to others.
Conclusions: Bond strength was affected by surface treatment. Both L, and A , treated surface provided higher bond
strength than A,. Considering possibly inducing defect on ceramic surface, L, seems to provide better favorable
surface preparation than others. Treated ceramic surface with Er-YAG prior to bracket bonding is recommended.

Key words: Ceramic, ceramic bracket, Er-YAG, laser, shear bond strength, surface treatment.
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Introduction

Ceramics have been widely utilized as restorative ma-
terials to repair damaged teeth in the form of veneers,
crowns, and bridges due to their aesthetic property, high
fracture resistance, and biocompatibility (1). Conven-
tional silica-based ceramics consisting of feldspar and
quartz are generally used in veneering metal for metal
ceramic restoration. The increasing demand for aesthe-
tic and precise restoration has led to the development
of advanced ceramics materials for the fabrication of
ceramic restorations based on digital technology. Cera-
mic restorations are nowadays more commonly found
in adult orthodontic patients seeking treatment. There is
an increasing likelihood that orthodontic brackets and
attachments require to be placed on existing ceramic
restorations. Ceramic material does not facilitate the
bonding of bracket since the glazed surface of ceramic
materials are inert for bonding with adhesive resin (2).
Maintaining brackets on ceramic restorations can be
problematic. Bonding failure rates have been reported
to be 9.8% in 2 years (3). This is a considerably high
failure rate compared to other adhesive procedures used
in restorative dentistry. The retentive strength between
resin adhesive and ceramic restoration was reported to
be insufficient (4). Although conventional orthodontic
banding can be employed instead of bonding, its results
are unattractive, especially for anterior teeth, and it is
not possible to place orthodontic bands on the bridge’s
abutment. The bond strength of bracket to ceramic res-
toration must be adequate to withstand orthodontic force
throughout the treatment period (5). It is crucial to apply
an appropriate adhesive procedure that encourages su-
fficient bond strength during the course of orthodontic
treatment and minimizes damage to ceramic restoration
(6). It is also equally important that the restoration be
free of damage and remain in the mouth after the de-bon-
ding of the bracket at the end of the treatment (7). Thus,
the adherence force should be sufficient to withstand
bracket dislodgment throughout the treatment as well as
offer feasibility in bracket removal without generating
excessive force that can possibly create defect on the ce-
ramic restorations (8).

Adherence force between orthodontic brackets and ce-
ramics depends on many variables including the kind
of bracket, ceramics, adhesive material, and method
of ceramic surface treatment (9). Previous studies re-
ported that the bond strength of either enamel or cera-
mic material to ceramic bracket is higher as compared
to that of enamel or ceramic to metal bracket (10,11).
Thus, it often exhibits ceramic surface damage upon
ceramic bracket’s de-bonding. The different composi-
tion and crystalline structure of ceramic materials may
require a different bonding technique to ensure suffi-
cient adhesion of bracket to ceramic that is capable of
withstanding orthodontic and masticatory forces during
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orthodontic treatment. This appears to be a problem as it
is virtually impossible for clinicians to differentiate be-
tween various types of ceramic on existing restorations
in clinical situations. Therefore, the procedure of bon-
ding brackets to existing ceramic restorations requires
consideration of an appropriate technique that ensures
a durable bonding bracket and that the ceramic surface
remains damage free after de-bonding (12). Since the
inert property of ceramic surfaces does not facilitate
adhesion through adhesive materials, several attempts
were made to revolutionize the ceramic surface to pro-
mote adhesion through mechanical, chemical, or other
combinations (13,14). The mechanical approach can
involve roughening the ceramic surface by grinding it
with diamond bur, sandpaper disc, or blasting with AL O,
abrasives (15). However, these procedures produced a
permanently destructive effect on the ceramic surface.
The chemical approaches entail acid etching to provide
bonding affinity to adhesive materials to adhere to ce-
ramic restoration (16). Furthermore, the application of
9.5%—-10% hydrofluoric acid (HF) was reported to be
capable of creating irregularities on the ceramic surface,
enabling micromechanical interlocking for resin adhe-
sive (2,4,17,18). Extremely strong HF acid etching was
required to produce a clinically acceptable bond streng-
th; however, this method increased the risk of cohesive
failure of ceramic during the de-bonding process and
damaged the ceramic glazed surface.

Several lasers, such as neodymium-doped yttrium alu-
minum garnet (Nd-YAG), carbon dioxide (CO,), and
erbium-doped yttrium aluminum garnet (Er-YAG), are
being increasingly employed in dental practice for soft
and hard tissue removal, cavity preparations, conditio-
ning, and decontamination (19). Among them, Er-YAG
is classified as a solid type laser that is appropriately
utilized with hard dental tissue structure (20,21). The
Er-YAG laser can produce an infrared range of 2,940
nm that can be absorbed by water and the OH-group of
hydroxyapatite (22). Er-YAG has been used for the mo-
dification of enamel surface for bracket bonding (23). It
appears to be suitable for ceramic surface modification
for retaining adhesive resin because its energy emission
is almost completely absorbed by the ceramic material
(24,25). A few studies have investigated its capability
in ceramic surface modification (26-28). However, no
consensus has been reached in the literature with regard
to Er-YAG treated ceramic’s ability to allow suitable
bracket bonding (29).

Due to the advancement in the development of machina-
ble ceramic material, the search for appropriate selection
and manipulation for ceramic materials that can achieve
sufficient bond strength between the ceramic bracket
with different ceramic materials was conceptualized for
this study. The aim was to compare the effects of different
ceramic surface treatments on machinable ceramic res-
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torative materials and conventional ceramic veneer me-
tal on the shear bond strength of ceramic brackets. Two
types of machinable ceramics, including IPS Empress®
CAD (E,; Ivoclar Vivadent, Schaan, Liechtenstein) and
IPS e.max® CAD (E,,, Ivoclar Vivadent, Schaan, Liech-
tenstein) and one type of conventional metal ceramics
(P,), using IPS d.SIGN®™ porcelain (Ivoclar Vivadent,
Schaan, Liechtenstein) veneering to cast metal substruc-
ture (IPS d.sign® 10, Ivoclar Vivadent, Schaan, Liech-
tenstein) that were surface treated with three different

Table 1: Materials, company and their compositions used in this study.
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methods, including Er-YAG lased (L), HF etched for 5
seconds (A,), and HF etched for 15 seconds (A ,), bon-
ded to ceramic bracket (Inspire ICE™, Ormco, Orange,
CA, USA) with adhesive resin (Transbond™ XT, 3M
Unitek, St. Paul, MN, USA) were evaluated for shear
bond strength (Table 1). The null hypothesis was that Er-
YAG lased surface of machinable ceramics and conven-
tional ceramic veneer metal would result in comparable
bond strength for ceramic bracket in relation to the HF
etched surface for 5 and 15 seconds.

Materials

Company

Composition

IPS d.Sign®-10

Ivoclar-Vivadent

Ni 58.7 %, Cr 25.0 %, Mo 12. %, Si 1.7 %, Fe 1.9 %, Ce < 1.0%, Co <

Non-noble metal ceramic | Inc., Amherst, NY, 1.0 %.
alloy USA
IPS d.Sign® porcelain Ivoclar-Vivadent Si0, 50-65 %, AL,0, 8-20 %, K,0 7-13 %, Na,O 4-12 %, Ca0 0.1-6.0

Fluoroapatite leucite

porcelain

Inc., Amherst, NY,
USA

%, F 0.1-3.0 %. Additional oxides (SrO. B,0,. Li,0, CeO,, BaO, ZnO,
TiO,, ZrO,) and pigment 0.0-3.0 %

IPS Empress® CAD
Leucite reinforced glass

ceramic

Ivoclar-Vivadent
Inc., Amherst, NY,
USA

Si0, 60-65 %, AL,O, 16-20 %, K,O 10-14 %, Na,O 3.5-6.5 %, other
oxides 0.5-7.0 % and pigment 0.2-1.0 %

IPS e.Max® CAD

Lithium disilicate glass

Ivoclar-Vivadent

Inc., Amherst, NY,

Si0, 57-80 %, Li,0 11-19 %, K,0 0-13 %, P,0, 0-11 %, ZrO, 0-8 %,

ZnO 0-8 %, other and coloring agent 0-12 %

ceramic USA
Inspire ICE Ormco, Orange, Clear polycrystalline sapphire bracket

CA, USA
Er YAG Laser-AT Fidelis | Fotona, Ljubljana, Erbium-doped yttrium aluminum garnet, wavelength of 2,940 nm,
with R02-non contact Slovenia power of 200 mJ, 10 W, MSP mode (100-us pulse length), and 20 Hz
hand piece
Ultradent® Etch Ultradent product 9.6 % Hydrofluoric acid

Inc., South Jordan,

UT, USA

Transbond™XT 3M Unitek, St. Conventional hybrid resin cement

Paul, MN, USA

Bis-GMA, Bis-EMA, TEGDMA, and fillers (73-77% silanated quartz

and silica)

Porcelain Primer

Ormco, Glendora,

Etanol 60-100 %,

CA, USA 3-trimethoxysilylpropyl methacrylate 10-30 %
Bluephase® G1600 Ivoclar-Vivadent, Light-emitting diode curing machine
Ambherst, NY, Spectrum 430-480 nm, intensity 1600 mW/cm?, Optical fiber diameter
USA 8 mm.
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Material and Methods

-Machinable ceramic specimen preparation

The IPS Empress® CAD (E,) and IPS e.max” CAD
(E,,) ceramic specimens (n = 50/each) were cut from
the machinable ceramic blocks into square shape discs
with the dimensions 10 x 10 x 1.7 mm (length x wid-
th x thickness) using a sectioning machine (Mecatome
T180, Presi, Eybens, France). The ceramic specimens
were polished to a series of 800, 1200, 2000, and 4000
abrasiveness of silicon carbide disc in the polishing ma-
chine (ECOMET?® 3, Buhler, Lake Bluff, IL, USA). The
diamond suspension (Metadi®, LakeBluff, IL, USA) was
used to polish to obtain a smooth surface with the final
dimensions of 10 x 10 x 1.5 mm (length x width x thic-
kness). The EP specimens were then glazed, while the
EM specimens were crystalized and glazed in the porce-
lain furnace (Programat® CS, Ivoclar-Vivadent, Schaan,
Liechtenstein) following the manufacturer’s firing sche-
dule at 850 °C for 1 minute.

-Metal ceramic specimen preparation

The conventional metal ceramic specimens (P_) (n = 50)
were fabricated in a square-shaped disc. The metal discs
of size 10 x 10 x 0.23 mm were casted, sandblasted with
50 microns aluminous oxide, and cleaned with distilled
water in the ultrasonic machine. The opaque porcelain
was applied to the metal surface, subsequently fired in
a porcelain furnace according to the firing temperature
recommended by the manufacturer. The opaque porce-
lain thickness of 0.27 mm needed to be achieved after
firing for no more than two times. The dentine porcelain
was condensed onto the fired opaque porcelain using a
porcelain condenser (Shofu Co., Shiba, Japan) and fired
in the porcelain furnace according to the manufacturer
recommended firing schedule. The dentin porcelain thic-
kness of 1.5 mm was produced upon firing for not more
than twice. The body porcelain was polished and glazed
according to the manufacturer’s recommendation at 850
°C for 1 minute to derive the final metal-ceramic disc
dimension of 10 x 10 x 1.5 mm.

-Ceramic surface treatment

The specimens in each group were cleaned in the ultra-
sonic cleaner (3M Unitek, St.Paul, USA) for 15 minutes
to remove any surface residues and were then divided
into three groups (15 samples each) for surface treat-
ment with 3 different techniques, including HF etched
for 5 seconds (A,), HF etched for 15 seconds (A /), and
Er-YAG lased surface (L). The 9.5 % HF gel (Ultradent®
Etch, Ultradent product Inc., South Jordan, UT, USA)
was painted with a microbrush in the central area sized 4
X 4 mm of the ceramic for either 5 or 15 seconds, clean-
sed with spray water, and dried with an air-blower. The
laser-treated groups (L) were irradiated with Er-YAG
laser (AT Fidelis, Fotona, Ljubljana, Slovenia) through
a non-contact hand-piece (R02; 1.3 mm in diameter), at
the power of 200 mJ, 10 W, 20 Hz, in MSP mode (100-us
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pulse length). A laser was lased perpendicular to the ce-
ramic surface at the distance of 7 mm from the ceramic
surface and in the central area of 4 x 4 mm with a water
coolant for 20 seconds.

-Bonding bracket to ceramic treated surface

Each ceramic specimen was bonded with ceramic brac-
ket (Inspire ICE) with adhesive resin (Transbond™ XT).
The porcelain primer (Ormco, Glendora, CA, USA) was
applied to the ceramic surface with a microbrush for 5
seconds and blown gently. The resin adhesive was in-
troduced to the bracket’s base and firmly placed on the
ceramic specimen with gentle force for approximately
5 N for 5 seconds to control the 25 micrometer of ce-
ment film thickness using a veneer caliper (Mitutoyo,
Neuss, Germany). The excess cement was removed and
then polymerized with a light-curing unit (Bluephase®
G-1600, Ivoclar Vivadent, Schaan, Liechtenstein) for 50
seconds (10 seconds on each side and 10 seconds above
the bracket). All samples were reserved in distilled water
at 37 °C for 24 hours before testing.

-Evaluation of shear bond strength

The specimen was mounted in a custom made jig for tes-
ting in a universal testing machine (Lloyd Instruments
Ltd., West Sussex, United Kingdom) as depicted in Fi-
gure 1(A). The load was vertically applied through the
straight knife-edged chisel at the bracket-ceramic inter-
face at a constant crosshead speed of 1.0 mm/min un-
til bond failure happened. The loads at failure (P) were
recorded and calculated for shear bond strength (o) by
dividing the failure load with the bracket base area (A),
as illustrated in equation 1.

Equation 1

-Microscopic evaluation

The de-bonded bracket base and ceramic surface were
examined visually under an optical stereomicroscope
(Nikon, Melville, NY, USA) at 10 x magnification to as-
certain the mode of failure (FM), ceramic surface dama-
ge index (CDI), and adhesive resin remnant index (ARI)
(2,8,9). The FM was determined as follows:

Type I: Interfacial failure between bracket and adhesive
resin (90% or more of bracket base was exposed and
10% or less of ceramic was free of adhesive).

Type 1I: Interfacial failure between adhesive resin and
ceramic (10% or less of bracket base was exposed and
90% or more of ceramic was free of adhesive).

Type Ill: Failure of bracket (Fracture of bracket during
removal, left part of bracket bonded on ceramic).

Type 1V: Failure of ceramic (A portion of the ceramic
was removed with the bracket base without loss of more
than 10% of the adhesive from the bracket base).

Type V: Combination failure (Less than 90% but more
than 10% of the bracket base was exposed or more than
10% but less than 90% of ceramic was free of adhesive).
The CDI was classified as follows:

0: No detectable ceramic surface damage. The surface
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Fig. 1: (A) Specimen was mounted in a testing jig and compressively load at the bracket-ceramic interface to determine for
(B) shear bond strength of ceramic bracket to different ceramic materials upon different surface techniques, (C) significant
differences in shear bond strength upon different surface treatment techniques were indicated, and (D) revealed Weibull

survival probability of shear bond for each group.

remained intact, retaining the same condition as pre-
vious,

1: Localized detectable ceramic surface alteration limi-
ted to superficial surface observed under microscope;
2: Generalized detectable ceramic surface alteration li-
mited to superficial surface observed under microscope;
3: Localized visually detectable ceramic surface dama-
ge, significantly repair required with composite resin,
4: Generalized visually detectable ceramic surface da-
mage, significantly repair required with composite resin;
5: Localized ceramic surface damage or fracture;

6: Generalized ceramic surface damage of fracture.
The ARI were scored as follows:

0: no adhesive resin remained on ceramic;

1: <50% of adhesive resin remained on ceramic;

2: > 50 % of adhesive resin remained on ceramic;

3: adhesive resin mostly remained on ceramic, showing
an imprint of the bracket base.

The treated ceramic surface for each group was mi-
croscopically evaluated for different patterns of surfa-
ce treatments. The samples were sputter coated with
gold-palladium in a coating machine (K 500X, Emitech,
Asford, UK) and examined with a scanning electron mi-
croscope (SEM, S-3000N, Hitachi, Tokyo, Japan) at x
5000 magnification.

-Statistical analysis

The data was statistically analyzed using SPSS/PC Ver-
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sion 20 software (IBM, Armonk, NY, USA). An analy-
sis of variance (ANOVA) was employed to determine
the significant effect of shear bond strength on different
ceramics as well as ceramic surface treatment methods
and their interactions. Post-hoc Tukey’s multiple com-
parison was determined for significant difference be-
tween each factor at 95% level of confidence. Weibull
analysis was performed to evaluate the bond strength’s
reliability using Weibull++"statistics (ReliaSoft, Tuc-
son, AZ, USA), and estimated the Weibull modulus (m).
A Chi-squared test was utilized to determine significant
differences of the FM, CDI, and ARI in relation to each
factor at 95% level of confidence.

Results

The results of the shear bond strength tests have been
described in Table 2 and Figure 1(B). The highest bond
strength was demonstrated in the group P A ; (15.86 +
3.13 MPa), followed by E,A . (15.65+1.57 MPa), E| A
(14.50 £ 2.21 MPa), P .L_ (14.06 + 2.17 MPa), E L,
(13.97 = 1.17 MPa), E L, (12.89 + 1.17 MPa), E A
(12.65 = 1.14 MPa), P A, (12.40 +1.95 MPa), and E A
(12.12 £ 1.54 MPa). The highest to lowest characteristic
strength (o , MPa) was indicated for the group P A , fo-
llowed by EA ,E A, PL,EL,EL,EA,PA,
and E A, with the values 17.16, 16.35, 15.44, 15.01,
14.73,13.61, 13.21, and 13.20 respectively, as presented
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Table 2: Mean, standard deviation (sd), 95% confidential interval (CI), characteristics strength (c ), and Weibull modulus (m) of shear bond
strength of ceramic bracket bonded to porcelain fused to metal (PFM, P,), Empress CAD (E,), and e.Max CAD (E,) upon surface treated with

either acid etched for 5 seconds (A,) or 15 seconds (A, ), or Er-YAG laser (L,).

Group Ceramic Treatment n | Shear bond strength 95% CI G, m
Mean sd UL LL

PA, PFM Acid etched 5 sec 15 12.40 1.95 11.39 13.41 13.20 8.58
PA PFM Acid etched 15 sec | 15 15.86 3.13 14.85 17.87 17.16 10.98
P.L, PFM Er-YAG Laser 15 14.06 2.17 13.05 15.07 15.01 8.55

EA, Empress CAD | Acid etched 5 sec 15 12.12 1.54 11.11 13.13 12.80 6.80
EA Empress CAD | Acid etched 15sec | 15 15.65 1.57 14.64 16.66 16.35 5.47
E,L, Empress CAD Er-YAG Laser 15 12.89 1.69 11.88 13.90 13.61 6.94
E A e.Max CAD Acid etched 5 sec 15 12.65 1.14 11.64 13.66 13.21 11.45
E A e.Max CAD Acid etched 15 sec | 15 14.50 2.21 13.49 15.51 15.44 7.21

E, L. e.Max CAD Er-YAG Laser 15 13.97 1.17 12.96 14.98 14.73 8.89

in Table 2. The ANOVA indicated significant differen-
ce in shear bond strength of ceramic bracket to ceramic
materials as the effect of different surface treatment me-
thods (p < 0.05) but revealed no significant different due
to the type of ceramics and the interaction of two factors
(p > 0.05), as indicated in Table 3. The post hoc Tukey’s
multiple comparisons indicated that the treatment surfa-
ce of ceramic with A , resulted in a significantly higher
bond strength as compared to the treatment surface with
L., and A, (p < 0.05). Both ceramic surface treatments
with A and L, resulted in significantly higher bond
strength in comparison to the surface reatment with A
(p < 0.05), as shown in Table 4 and Figure 1 (C). The
Weibull modulus of shear bond strength, ranked from
the highest to lowest, E| A, (11.45), P A, (10.98), E, L,
(8.89), P.A, (8.58), P.L, (8.55), E,A, (7.21), EL,
(6.94), E,A, (6.80), and E A , (5.47), indicated a reliable
survival probability of bond strength, as depicted in Fi-
gure 1 (D) and Table 2.

The stereo-micrograph of de-bond ceramic surface ex-

hibited a similar pattern of adhesive bond failure, as
presented in Figure 2 (A). The ceramic surface was ob-
served to be predominately exposed. Slight remnants
of resin adhesive were found on the ceramic surface of
groups treated with HF, among which, the groups of A
tended to demonstrate a slightly higher amount of resin
adhesive remnants as compared to A groups. The fre-
quency distribution of FM was determined in percen-
tage for each group, as indicated in Figure 2 (B). The
patterns of FM, either laser treated or HF etched for 5
or 15 seconds, were mainly demonstrated in Type I,
which indicated failure at adhesive resin—ceramic inter-
face. Only < 10% of the bracket base was exposed and
> 90% of the de-bonded ceramic was free of adhesive
resin. The Chi-square statistics indicated no statistically
significant influence on the mode of failure due to the
different types of ceramic and methods of ceramic surfa-
ce treatment (p > 0.05). The amount of ceramic damage
(%) based on CDI have been indicated in Figure 2 (C).
No detectable ceramic surface damage was observed in

Table 3: An analysis of variance (ANOVA) of shear bond strength of ceramic bracket bonded to porcelain fused to metal (PFM;
P.), Empress CAD (E,), and e.Max CAD (E,) upon surface treated with either acid etched for 5 seconds (A,) or 15 seconds (A ),

or Er-YAG laser (L,).
Source SS df MS F P
Corrected Model 227.648 8 28.456 7.283 0.000
Intercept 25672.622 1 25672.622 6570.649 0.000
Ceramics 7.352 2 3.675 0.941 0.393
Surface treatments 196.621 2 98.310 25.161 0.000
Ceramics * Surface treatments 23.677 4 5.919 1.515 0.202
Error 429.316 126 3.907
Total 26392.586 135
Corrected Total 719.964 134

Abbreviations: SS: sum of squares, df: degree of freedom, MS: mean square, F: F-ratio, p: p-value
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Table 4: Post hoc Tukey’s multiple comparisons of shear bond strength of ceramic bracket bonded to
porcelain fused to metal (PFM; P.), Empress CAD (E,), and e.Max CAD (E,) upon surface treated with
either acid etched for 5 seconds (A,) or 15 seconds (A ), or Er-YAG laser (L,).

Surface treatment Acid etched 5 sec Acid etched 5 sec Er-YAG Laser
Acid etched 5 sec 1.000 0.000 0.009
Acid etched 5 sec 1.000 0.000
Er-YAG Laser 1.000
Group
Eule
EuAss
EuAs
Eple = Typel
EA = Type Il
o = Type Il
EpAs =Type IV
Siis =TypoV
Ll
PuAss
PuAs
0% 20% 40% 60% 80% 100%
B Failure mode (%)
Group Group
Eule Eule
EuAss EnAss
EuAs EnAs
Erle ::::‘1’ Erle =Score 0
EpAss ::::z oAy =Score 1
ErAs ascore 4 Scaea
ascore s EpAs ROCOeS
Puls oScore 6 o
PuAss Pufss
Pufte PuAs
o% 20% 40% 60% 80% 100% - o RO = = Too%
c Ceramic damage index (%) D Adhesive remnant index(%)

Fig. 2: (A) Stereo-micrograph of debond surface of ceramics at 10X magnification, (B) indicated adhesive mode of failure
(FM) at adhesive resin-ceramic interface, with (C) difference in pattern of ceramic damage index (CDI), and adhesive resin

remnant index (ARI).

all groups, except for the groups P.A |, E,A ,and E A
that exhibited localized minimal ceramic surface da-
mage. The Chi-square statistics indicated a statistically
significant influence on CDI of the method of ceramic
surface treatment (p < 0.05) but not of the type of cera-
mic used (p > 0.05). The amount of adhesive remnant
based on ARI were indicated in Figure 2 (D). The patter-
ns of ARI were quite similar for most groups except for
the HF groups, in which, A . exhibited slightly higher
amounts of adhesive remnants on the ceramic surface as
compared to the A groups. The Chi-square statistics de-
monstrated a significant difference in ARI among groups
(P < 0.05). Significant influence on ARI due to ceramic
surface treatment (p < 0.05) but not for the type of cera-
mics (p>0.05) was suggested.

The SEM photomicrographs of ceramic surfaces treated
with different techniques in comparison to untreated sur-

face at x 5,000 magnifications have been shown in Fi-
gure 3. It clearly demonstrates the difference in surface
architectures among the groups. The non-treated surface
revealed a general smooth surface architecture of the
glass, a result of glazing, as depicted in Figure 3 (A-C).
The SEM photomicrograph of the HF-etched surface of
ceramic revealed generalized irregular surface architec-
tures, as presented in Figure 3 (D-I). Significant higher
irregularities of surface were exhibited on A ;, as shown
in Figure 1 (G-I), as compared to A, as depicted in Fi-
gure 1 (D-F). The crystal structures were exposed on
the surface since the glass phase was removed through
the etching procedure. The morphology of the laser-trea-
ted ceramic specimen exhibited a scaly appearance, as
shown in Figure 3 (J-L). The HF treated ceramic surface
exhibited higher surface irregularities in comparison to
the laser treated surface.
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Discussion

The retention of ceramic brackets on ceramic surface is
crucial. In this study, the shear bond strength between
ceramic brackets and ceramic material was evaluated
in relation to the effect of different methods of ceramic
surface treatments and types of ceramics. The results
clearly demonstrated that the bond strength of ceramic
bracket to ceramic material was significantly affected by
the method of treatment on ceramics surface (p < 0.05)
but not significantly affected by the type of ceramic (p
> 0.05). Therefore, the null hypothesis was rejected for
the method of ceramic surface treatment but accepted
for the type of ceramic used. The surface treatment by
L, was found to be capable of offering enhanced bond
strength than A but slightly lesser strength as compared
to A .. HF treated ceramic surface form an effective me-
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strength of bracket to ceramic, such as architecture and
composition of bracket base, surface topography and
composition of ceramic material, composition of the re-
sin adhesive, and methods for ceramic surface treatment.
In this study, the ceramic bracket base was flat, ensu-
ring the optimal adaptation to the surface of the ceramic
specimen without any conditioning upon failure mode.
Extremely high bond strength tends to exhibit cohesive
failure in ceramic material, which causes ceramic fractu-
re, and sometimes, it exhibits cohesive failure in ceramic
bracket, which leaves a significant amount of adhesive
resin on the ceramic surface that requires to be clea-
ned and mostly causes ceramic surface destruction by
the finishing bur (5). In this study, all groups exhibited
mainly adhesive failures, except the group A . that occa-
sionally exhibited ceramic ditching upon de-bonding, a

Fig. 3: SEM photomicrographs indicated untreated surface (A, B, C), HF-etched surface for 5 seconds (D, E, F), HF-etched
surface for 15 seconds (G, H, I), and Er-YAG lased surface (J, K, L) of ceramic veneering metal (A, D, G, I), Empress CAD
(B, E, H, K), and e.Max CAD (C, F, I, L) respectively.

thod but may pose the risk of inducing ceramic damage
upon de-bonding, a possibility supported by other stu-
dies that has made dentists hesitant in using the method
(9,17) Er-YAG laser was found to be more appropriate
for surface treatment for retaining the ceramic bracket.
The laser-treated ceramic surfaces introduced a value of
bond strength higher than that offered by the HF-A and
comparable to that given by HF-A .. This result was con-
sistent with other studies that indicated Er-YAG lasers’
capability in offering suitable bond strength (24,25,27).

However, other factors are influenced with the bond

result that coincided with earlier studies (5,15). A bond
strength higher than 13 MPa tends to cause cohesive fai-
lure in ceramic (15). Extremely high bond strength is
not usually required for orthodontic treatment. The opti-
mal bond strength that provides a durable bond that can
withstand orthodontic and masticatory force during the
period of orthodontic treatment requires to be achieved,
yet, it should be susceptible to bracket removal by ce-
ramic restoration without damaging to ceramic surface.
Suggestions based on scientific investigations for opti-
mal bond strength of orthodontic bracket did not exist in
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the literature. However, it was suggested that clinically,
the bond strength of 6-8 MPa for a metal bracket bonded
to enamel is adequately needed (8). However, in order
to clarify the benefits of different surface treatments, it
is necessary to consider ARI and CDI along with bond
strength to establish a suitable bonding regime for brac-
ket bonding, as presented in this study. This investiga-
tion revealed that all tested groups exhibited shear bond
strengths exceeding clinically acceptable limits. The
average shear bonds strength achieved in this study was
considerably higher than the clinically required value.
However, the de-bonded ceramic surface did not exhibit
any ceramic surface damage upon de-bonding, except
the groups A . that suffered some likelihood of ceramic
damage during the bracket de-bonding process. The
bond strength of bracket to ceramic surface conditio-
ning by A, was found to be higher than that of L_, and
A, at 95% level of confidence. The groups of A, were
predominately de-bonded in adhesive failure mode and
exhibited more adhesive remnants on the ceramic sur-
face compared to others. The resin remnant needs to be
eliminated by finishing bur, and in all cases, accidentally
destroyed the surface of the ceramic during the finishing
process. Thus, the L, and A, may be better than A _ for
cleaning the ceramic surface after the de-bonding pro-
cess.

Among several methods of ceramic surface treatment,
HF-etching method is generally utilized. The glass phase
is particularly eliminated, leaving crystal particles expo-
sed, creating a generalized micro-porosity on the surfa-
ce of the ceramic to facilitate micro-mechanical reten-
tion of resin cement (6,18,29). However, the significant
amount and extensive micro-porosities created through
HF presented on the ceramic surface even after de-bon-
ding, leaving these defects permanently and became the
original source of crack initiation in ceramic restoration
as well as the source of bacterial deposition. These sur-
face pits still remained on the ceramic surface restora-
tion and needed to be surface finished by polishing with
a diamond polishing paste (6). In general, etching cera-
mic surface prior to bracket bonding was suggested to be
performed for 60 seconds or longer. However, previous
studies have shown negative effects of etching for 60 se-
conds or longer, as these created deep and thin irregulari-
ties on the ceramic surface, resulting in difficulty for the
bonding agent to diffuse into the irregular portion; these
can also possibly induce cohesive fracture of ceramic
material (4,13,16). The rough surface created by long et-
ching time is also a disadvantage in terms of the difficul-
ty entailed by the need to revitalize the ceramic surface
after de-bonding as the surface was extremely rough. In
addition, there were reports on high prevalence of frac-
ture of ceramic surface that were deglazed or roughened
associated with the de-bonding process (7). Furthermo-
re, the long etching time, the higher ceramic material

Shear bond strength of ceramic bracket bonded to different surface-treated ceramic

loss from the surface and higher roughness than desired
was exhibited. HF-A . was selected from this study in
order to maintain the integrity of ceramic surface to mi-
nimize the surface alteration that can be hardly detected
by the naked eye and minimize the polishing process,
which can easily recreate the vitalization of the normal
ceramic surface after de-bonding. The study indicated
that there were significant extensive micro-porosities on
the surface treated with A | as compared to that obser-
ved in other methods. Moreover, HF-etched technique
is harmful and irritates soft tissue, thus the intra-orally
etching process needs to be carefully executed, with an
extremely short duration to prevent causing accidental
irritation to oral tissue (6). The use of Er:YAG laser for
lasing ceramic surface is intended to modify the cera-
mic surface architecture to facilitate the bonding of the
bracket (25,26). The capability of ceramic in absorbing
energy from the Er-YAG to produce a scaly appearance
on the ceramic surface, providing retention for adhesive
resin to retain ceramic bracket (25). In this study, the
laser process actually produced a higher bond strength
than A, but the value was comparable with A .. Howe-
ver, no crazing effect was generated on the ceramic after
both laser lasing and de-bonding. This contrasts with
other studies that indicated laser treated ceramic did not
enhance adhesion with resin cement (26). This is proba-
bly associated with the differences in ceramic materials
and the method of laser-treating procedure. In this study,
the laser beam energy, produced from the pulse energy
of 200 mJ, pulse rate 20 Hz, power 10 W, in MSP mode
at pulse width 100 ps for 20 seconds, was found to be
capable of promoting suitable bracket bonding, as su-
pported by others studies (6,8,10).

There are some concerns regarding the effect of lasers on
local temperature change that can cause internal dama-
ge to tooth structures. However, a recent study indicated
no evidence of pulpal injury unless the temperature was
raised beyond the physiologic endurance limits of pulp
(30). Raising the temperature by only 0.2 °C was eviden-
ced, a value lower than the threshold for causing pulpal
injury. The power adjustment and lasing method invol-
ving continuous spraying with water can help regulate
the temperature effect. In addition, the laser was used on
the ceramic materials that possess low thermal conducti-
vity, acting as an insulator to prevent any thermal effect
on pulpal involvement. Ultimately, the ceramic surface’s
treatment with Er-YAG for bracket bonding was found
to be efficient and time saving. Thus, this study suggests
using Er-YAG laser for ceramic surface preparation for
bonding ceramic bracket in clinical practice.

Conclusions

The optimal bond strength required for ceramic bracket
bonding to ceramic restoration should be adequately
strong to withstand force from orthodontic treatment,
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and the bracket should be easily removable without cau-
sing damage to ceramic restoration. The Er-YAG laser
irradiation provided sufficient bond strength between
ceramic brackets and ceramic surfaces and is beneficial
for allowing de-bonding process without damaging the
ceramic surface, as evidenced by this study. The Er:YAG
laser lased ceramic surface forms an appropriate techni-
que and is recommended as an alternative method for
ceramic surface treatment for bonding ceramic bracket.

Clinical significance

Optimal bond strength between the bracket and ceramic
material is necessary and dependent on the appropria-
ted ceramic surface treatment. Using Er-YAG laser on a
pre-conditioning ceramic surface prior to bonding cera-
mic bracket with adhesive resin presents a feasible pro-
cedure and is recommended for clinical practice.
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