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Influence of microhybrid resin and
etching times on bleached enamel for
the bonding of ceramic brackets

Abstract: The aim of this study was to evaluate the shear bond strength
(SBS) of polycrystalline ceramic brackets (PCB) bonded after bleaching
treatment using different composite resins and enamel etching times. A
total of 144 bovine incisors were randomly divided into two study groups
(n = 72, each) as follows: G1, enamel bleached with 35% hydrogen per-
oxide, and G2 (control group), enamel unbleached. After the bleaching
treatment, the samples were stored in artificial saliva for 14 days. These
groups were further divided into two subgroups (n = 36, each) as follows:
GA, brackets bonded with Transbond XT (3M) and GB, brackets bond-
ed with Filtek Z250 (3M). For each resin used, three different etching
times with 37% phosphoric acid (15, 30 and 60 seconds) were tested. SBS
tests were performed using a universal testing machine (EMIC), and the
adhesive remnant index (ARI) score was verified. Significant differences
among the three experimental conditions and interactions between the
groups were observed. The type of composite resin accounted for 24% of
the influence on the bond strength, whereas the etching time and bleach-
ing treatment accounted for 14.5% and 10% of the influence on bond
strength, respectively. The ARI revealed that the most common area of
adhesion failure was at the composite resin-bracket interface. The type
of composite resin, etching time and external bleaching significantly in-
fluenced the SBS of PCB on enamel, even after 14 days of saliva storage.

Descriptors: Tooth Bleaching; Shear Strength; Dental Enamel.

Introduction

Continuing developments in dental materials have led to improve-
ments in contemporary dentistry. Particularly with the advent of cosmet-
ic and conservative dentistry, studies have been undertaken to optimize
adhesion using different techniques. The evolution and use of composite
resins in various fields of dentistry has enabled their implementation in
orthodontic practice. -3

These resins’ great aesthetic value can be observed in orthodontics
with the development of aesthetic brackets,*’ which can minimize the
appearance of heavy smiles produced by metallic brackets.

Patients with bleached teeth are frequently cared for in dental offices,
and bleaching can reduce the adhesion of resin materials to tooth struc-
tures.® Various types and concentrations of bleaching agents are available
for use in dental offices.®” Furthermore, patients have greater access to
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bleaching systems, and certain treatments are ad-
ministered without professional supervision.”

The reduction in adhesive strength may be re-
lated to the ability of the resin to attack surfaces
treated with hydrogen peroxide and to the effects of
the bleaching agents on the resin.® Adhesive failures
are associated with areas of resin nonattachment
and alterations in resin quality.® A reliable adhesive
strength is very important, and the application of
forces to bleached teeth can compromise the adhe-
sive resistance of orthodontic accessories.

Regarding the enamel surface, several authors
have reported differences in adhesion values with
etching times between 15 and 60 seconds,” al-
though they have agreed that 15 seconds appears to
be sufficient for clinical practice. Therefore, more
investigations are needed to clarify the interactions
among bleaching agents, bonding techniques/ma-
terials and ceramic brackets. Although there is no
consensus," there is evidence of significant decreas-
es in the mean bond strength of orthodontic brack-
ets when bonding is performed immediately after
bleaching,>%!? and strong recommendations have
been made to wait several days before undertaking
any adhesive procedure.!>1

Accordingly, the purpose of this study was to de-
termine the effects of different etching times with a
bleaching treatment of 35% hydrogen peroxide on
the shear bond strength of polycrystalline ceramic
brackets bonded with different resins for different
etching times. The null hypothesis asserted that
there is no significant difference in bond strength
when using different resins and enamel treatments.

Methodology

A total of 144 freshly extracted bovine incisors
were used. The protocol for this experiment was
approved by the Committee on Ethics and Animal
Experimentation, protocol no. 40/2010. The criteria
for tooth selection included teeth with enamel unaf-
fected by any pretreatment chemical agents; with in-
tact, unrestored and noncarious buccal surfaces and
without cracks incidental to extraction.

The roots were sectioned at the cervical third
and were discarded. The pulp was removed and the
pulp chamber was cleaned. The pulp chamber was
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blotted to prevent penetration by the acrylic resin
during embedding. The specimens were placed in
cylindrical tubes, allowing the flat surface of the
enamel to be exposed. Each tooth was oriented so
that its labial surface would be parallel to the force
during the shear bond test.

The specimens were randomly divided into a
bleaching group (G1) and a no-bleaching group (G2,
control) (n = 72, each) and immersed in artificial sa-
liva at 37°C for 14 days before bracket bonding.

The treated group was bleached with the 35%
hydrogen peroxide bleaching agent Whiteness HP
Maxx (FGM, Joinvile, Brazil) according to the
manufacturer’s instructions. The bleaching agent
was applied to the enamel surface in a layer approxi-
mately 1 mm thick and was then exposed to an Op-
tilight Plus LED light-curing unit (Gnatus, Ribeirdo
Preto, Brazil). The gel was moved periodically to re-
lease the oxygen bubbles generated and to improve
the contact between the gel and the tooth. After 15
minutes, the enamel surface was rinsed with a spray
of water. The bleaching treatment was repeated on
each sample surface three times (45 minutes), and,
after one week of storage in artificial saliva at 37°C,
the bleaching agents were reapplied, simulating the
bleaching treatments made in dental clinics.

After 14 days of bleaching treatment, the treated
and control groups were divided into two subgroups
(n = 36), and the enamel was cleaned with a fluoride-
free pumice using a rubber polishing cup, rinsed
with a water spray and dried with an oil-free air
drier. In the subgroups, either Transbond XT (3M
ESPE, St Paul, USA), GA, or Filtek Z250 (3M ESPE,
St Paul, USA), GB, was used for the bonding of the
brackets, using etching times of 15, 30 or 60 sec-
onds. Twelve experimental groups were thus formed
(n = 12) (Table 1). The adhesives Primer Transbond
(3M ESPE, St Paul, USA) and Adper Single Bond 2
(3M ESPE, St Paul, USA) were used for GA and GB,
respectively, and were used in strict accordance with
the respective manufacturers’ instructions.

Polycrystalline ceramic central incisor brackets,
(Orthometric Inceram, Maanshan, China) with
.022" Roth - U1R, were bonded by the same oper-
ator. The bracket was bonded using a 300 g com-
pressive force applied with a force gauge (Correx
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Table 1 - Experimental groups.

Groups according to Groups according to

n enamel bleaching and efching time (seconds)
composite (n =12, each)
Gl1A-15
Bleached enamel +
Transbond XT GI1A-30
G1A - 60
72
GIB-15
Bleached enamel +
7950 G1B-30
GI1B - 60
G2A-15
Non-bleached enamel +
Transbond XT G2A - 30
G2A - 60
72
G2B- 15
Non-bleached enamel +
7250 G2B - 30
G2B - 60

Co., Haag-Streit, Bern, Switzerland) for 3 seconds,
which was sufficient to seat the bracket on the tooth
surface. The excess resin was removed with a scaler
before photopolymerization on the mesial and distal
sides of the bracket for 20 seconds each.

The specimens were stored in distilled water at
37°C for 24 hours, and afterwards positioned in
the testing machine (DL 2000-EMIC, Sio José dos
Pinhais, Brazil). The knife-edged shearing blade was
positioned to allow the transmission of force in the
occluso-gingival direction parallel to the labial sur-
face and the bracket interface at a crosshead speed
of 0.5 mm/min without touching the enamel. The
maximum load necessary to debond the bracket was
recorded in megapascals and was calculated by di-
viding the shear bond force by the bracket area.

Evaluation of residual adhesive
After debonding, the teeth and brackets were an-

alyzed under a stereomicroscope at 10x magnifica-
tion to verify any remaining adhesive, in accordance
with the adhesive remnant index (ARI).'* The ARI
scores ranged from 0 to 3 as follows:

® 0 = no adherence of composite to enamel;

¢ 1 =less than 50% of the composite on the enamel;

® 2 = more than 50% of the composite on the

144 | Braz Oral Res., (Sdo Paulo) 2013 Mar-Apr;27(2):142-8

16+
141
= 129 _r
SRR
= 104
—
B_
E 1 1 | 1
G1A G1B G2A GZ2B

EE G1A- Bleached/ Transbond XT

EH G1 B- Bleached/ 2250

E=2 G2 A- Non bleached/ Transbond XT
M G2 B- Non bleached/ 2250

Figure 1 - Mean shear bond strengths and standard devia-
tions for bleached and non-bleached teeth with two types of
composite resin.

enamel; and
® 3 = all of the composite on the enamel, with the
impression of the bracket base.

Statistical analyses

The data were subjected to three-way analyses
of variance (ANOVA) and Tukey’s multiple com-
parison statistical test (5%) using the PASW Statis-
tics software (v.17; SPSS Inc., Chicago, USA) and
GraphPad Prism (v.5 - 2007, San Diego, USA). The
chi-squared test and Spearman’s correlation coef-
ficient were used to determine the relationships be-
tween the frequency of ARI and the variables.

Results
Shear bond strength testing

The descriptive statistics for the debonding
strengths under different experimental conditions
of the bleached and non-bleached teeth bonded with
different composites are presented in Figure 1 and
Table 2.

The three-way ANOVA indicated statistically
significant interactions between bleaching treatment
and acid etching times (F = 3.351, p < 0.05) and
among the principal effects of bleaching treatment
(F =14.726, p < 0.001), the type of resin (F = 41.765,
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Table 2 - Mean shear bond
(standard deviations) for each

study group. Transbond XT

Bleaching treatment

Z 250
9.39 (1.73

7.08 (0.75
8.73 (1.82

No bleaching treatment

72250

Transbond XT

Total

9.80 (1.52)
11.05 (1.73)
9.63 (2.43)

(1.73)
9.72 (1.58)
(0.75)
(1.82)

10.73 (1.61)
12.41 (1.07)
11.32 (2.25)
11.49 (1.81)

155 | 9.67 (1.53)*

30s | 11.84(1.65)

60s | 10.16 (2.30)

Total | 10.56 (2.03)
n=12.

Table 3 - Distribution of the adhesive remnant index scores and statistical comparisons with the results of the chi-squared test

and Spearman’s correlation coefficient.

ARI
0 1 2

Teeth Bleached 2 (2.8%) 5 (6.9%) 10 (13.9%)
eet

Non-bleached | 1 (1.4%) 0 (0.0%) 4 (5.6%)

Reci Transbond 3 (4.2%) 4 (5.6%) 11 (15.3%)
esin

7250 0 (0.0%) 1(1.4%) 3 (4.2%)

155 1(2.1%) 3 (6.3%) 3 (6.3%)

Time 30s 12.0%) | 12.1%) | 6 (12.5%)

60's 1210% | 121% 5 (10.4%)

X2 r, p Cramer’s V
3

55 (76.4%)
11.110 < 0.05 0.251 (6.3%)

67 (93.1%)

54 (75.0%)
12.556 < 0.01 0.276 (7.6%)

68 (94.4%)

41 (85.4%)
40 (83.3%) 0.006 > 0.5 0.095 (0.9%)

41 (85.4%)

p < 0.001), and the acid etching time (F = 11.175,
p < 0.001). The shear strength was greater in non-
bleached teeth (10.67 MPa) compared with bleached
teeth (9.65 MPa), with a partial n? of 0.10, showing
that 10% of the shear bond strength was due to the
bleaching treatment because the types of composites
employed (Transbond XT and Z250) contributed
24% of the differences in bond strength (partial
1n? = 0.24). The etching time accounted for 14.5%
of the influence on the adhesive strength, with the
time of 30 seconds resulting in the greatest average
strength (11.05 MPa) compared with the values ob-
tained for 15 and 60 seconds (average = 9.80 MPa
and 9.63 MPa, respectively) (Table 2).

Tukey’s test demonstrated that the Transbond
XT on enamel without bleaching and conditioned
for 30 seconds resulted in the highest mean bond
strength (12.41 + 1.07 MPa).

Amount of residual adhesive

The adhesive remnant index (ARI)* and the fre-
quency of failure were analyzed. Even after 14 days
of storage in saliva, the non-bleached group pre-
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sented a higher percentage of enamel-resin adhesion
(score 3, 93.1%) compared to the bleached group
(76.4%) (Table 3).

The chi-squared test results indicated significant
associations between the distribution of ARI scores
and the bleaching treatment (*= 9.085, p < 0.05),
and between the ARI score and the type of compos-
ite (3> = 10.978, p < 0.05). Spearman’s correlation
test showed that the etching time did not influence
the ARI score frequency (r, = 0.074, p > 0.5) (Table
3).

Discussion

A significant number of patients believe that
orthodontic appliances are unattractive and unac-
ceptable; therefore, these patients are willing to pay
more money for more aesthetically pleasing materi-
als. In response to modern aesthetic requirements,
this experimental study was undertaken to evalu-
ate the influence of the interactions among tooth
bleaching, acid etching time and type of resin on the
bond strength of ceramic brackets. The null hypoth-
esis raised in this study was rejected.
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Ceramic polycrystalline brackets based on mesh
are more common and popular than monocrystal-
line brackets. They present similar modes of failure
and bond strength; however, monocrystalline brack-
ets are stiffer and therefore have a higher risk of frac-
ture during removal.'” Therefore, the shear strength
test was used in this research because this test is less
likely to fracture the brackets than is tensile testing.*
Nevertheless, during the shear tests, fractures were
observed in four polycrystalline brackets.

The treatment of the bases of ceramic brack-
ets with abrasive/silane can lead to higher bond
strength values.>!® In several cases, values greater
than 25 MPa have been observed,>'8 at which point
the chances of enamel damage are increased.’ With-
out ceramic base treatment, under the different con-
ditions outlined, the average bond values obtained
in this study ranged from 7.08 to 12.42 MPa. Re-
gardless of the etching time, the use of ceramic
brackets without base treatments resulted in values
less than 12.75 MPa, which, as suggested by Bishara
and Fehr,® might be safer for the enamel.

Different types of resins yield results in accor-
dance with their unique characteristics, related to
their types of organic content and inorganic fill-
ers. Modifications introduced to the composition of
composite can alter their physical properties; there-
fore, a small modification in composition can signif-
icantly influence clinical needs.'” Composite resins
used for aesthetic restorations can also be used for
bonding brackets.>32° Bishara et al.! indicated that
composite materials can potentially be used if their
consistency can be made more fluid, so that they ad-
here readily to the bracket base.

Consistent with the findings of Uysal et al.? our
results showed that the Z250 (3M) exhibited lower
bond strength than the Transbond XT (3M), and the
type of composite used influenced 24% of the bond
strength values. This result showed that among
the other factors studied (bleaching treatment and
etching time), the type of composite resin had the
greatest influence on the bond strength. Eslamian
et al.’ employed nanohybrid resins and found bond
strength values higher than those presented in this
study; however, their ceramic bases were previously
treated.
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The results of this study showed significant dif-
ferences among the etching times and confirmed
that bond values lower than 10 MPa can be found
when the etching time is 15 seconds.? The etching
time provided 14.5% of the difference in adhesive
strength results, and the time of 30 seconds resulted
in the greatest average strength, in accord with pub-
lished studies.'¢-20

Enamel exposed to bleaching agents presents
slight morphologic alterations, whereas phosphor-
ic acid treatment causes severe morphologic al-
terations.?! Different types and concentrations of
bleaching agents have been studied.”!?132223 Hy-
drogen peroxide was chosen in this study because it
can penetrate into the enamel more efficiently than
carbamide peroxide as a result of its lower molecu-
lar weight. Investigations have suggested that weak
bonds may result from the permanence of peroxide-
related substances, residual peroxide at or near the
enamel surface,® temporary loss of calcium from the
enamel, or changes in the morphology of adaman-
tine,?* which could be reversed by saliva through ion
exchange.

In orthodontics, the influences of several bleach-
ing systems, with various concentrations and ap-
plication times, have been reported in the litera-
ture.'®2-22 However, the delay period for bonding
orthodontic brackets after bleaching is controver-
sial because although certain studies have indicated
that adhesive procedures can be performed after 24
hours,>?! 7 days,?>?* 14 days and 30 days,? other
studies have contradicted these results.”* An ad-
equate time after bleaching is fundamental to nor-
mal penetration of conventional adhesive onto the
enamel surface.

Contrary to previous observations,?' this study
indicates that after 14 days of storage in saliva, there
was a significant difference between bleached and
unbleached enamel, with 10% of the influence on
the shear bond strength due to the bleaching treat-
ment. This reduction in adhesive strength after 14
days was also found by Stokes e al.,'> who used hy-
drogen peroxide for 2 hours on enamel. It has been
indicated that the bonding of orthodontic accesso-
ries must be delayed by 2-3 weeks when there is a
history of dental bleaching with 38% hydrogen per-



oxide."

In the present study, the bleaching agent was
used for a total period of 90 minutes, whereas other
authors have used bleach only once for a short time
in vitro,® which might not promote effective clini-
cal bleaching in vivo. The reduction in the adhesive
bond strength after bleaching treatment appears to
be time-dependent.®

Through evaluation of the ARI, it was observed
that most of the failures occurred at the bracket-res-
in interface, in accord with previous studies.>!” The
ARTI analysis corroborates the statistical results that
demonstrate that the type of composite resin rep-
resents the greatest influence on the bond strength
because the Z250 resin group presented a higher
percentage of ARI score 3. During the removal of
orthodontic accessories, failures between the resin
and bracket are preferred to enamel-resin failures
because lower stress is applied to the surface of the
enamel. No cohesive failures of the enamel were ob-
served after shear bond strength testing.

Further research should be undertaken to im-
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prove the adaptation of aesthetic materials with

orthodontics, thus improving their clinical applica-

tion.

Conclusion

Within the limitations of this iz vitro study, the

following conclusions were drawn:

® The type of resin influenced the bond strength

of brackets, and the Transbond XT presented
a greater bond strength compared to the Z250
composite resin.

With regard to the etching time, 30 seconds of
etching provided the highest bond strength.
After the bleaching treatment with 35% hydro-
gen peroxide, the use of Transbond XT resin
with an etching time of 30 seconds provided the
greatest bond strength of brackets.
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