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Abstract

Aim: This in vitro study investigated the effect of the application of an adhesive, silane and thermal 
cycling (TC) on the shear bond strength (SBS) of ceramic brackets to feldspathic ceramic. Methods: 
16 cylinders of feldspathic ceramic were etched with hydrofluoric acid and divided into four groups 
(n=4): G1 - silane, without TC; G2 – silane, with TC; G3 - adhesive, without TC; G4 - adhesive, 
with TC. One layer of silane was applied on the surface of cylinders in G1 and G2 e one layer 
of photo-activated adhesive Single Bond Universal was used in G3 and G4. Ceramic brackets 
were bonded using Transbond XT. The SBS data were subjected to two-way ANOVA and Tukey’s 
post hoc test (α=0.05). The Adhesive Remnant Index (ARI) was evaluated at 40× magnification. 
Results: Silane was more effective than adhesive on the SBS of the brackets to ceramic (p<0.05). 
TC decreased significantly the SBS values compared with the groups without TC (p<0.05). The 
ARI results showed predominance of score 0. Conclusions: Groups with silane showed higher SBS 
than groups with adhesive. TC influence significantly on the bond strength. Regarding ARI, score 
0 predominated in all groups.
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Introduction
 
Ceramics have been used routinely for dental restorations because they provide 

optimal characteristics such as biocompatibility, mechanical resistance, esthetic similar 
to natural teeth, color stability, radiopacity and low thermal conductivity1-2. In addition 
to teeth, ceramic materials may serve as substrates for bonding of orthodontic brackets 
under clinical conditions. Etching with hydrofluoric acid (HF) promotes dissolution the 
glass ceramic creating irregularities on the ceramic surface and greater contact surface 
in the ceramic bonding area, promoting a stronger bond between dental ceramics and 
composite resin3-6.

Bonding materials need sufficient wettability to completely infiltrate the 
irregularities of ceramic surface. Normally, silane has been used on the internal ceramic 
surface prior to applying bonding material because they are capable of forming chemical 
bonding to the resin material, which improves the durability and bonding strength7-10. 

However, it is questionable if the silane and resin cement are efficient in wetting 
ceramic surface3. On the other hand, some clinicians have applied a layer of adhesive 
on the ceramic surface after the silane, but the literature has little information about 
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luting purposes11. Naves et al. (2010)3 and Sundfeld et al. (2015)11 

showed that the use of an adhesive improve bond strength and 
adaptation of substrates along the ceramic/resin cement interface. 
Recently, a new adhesive was released on the market to be used 
without prior application of silane because this material also acts 
as silane according to the manufacturer. However, the literature 
has no information about its action for bonding brackets.

Clinically, orthodontic brackets are subjected to physical 
and mechanical challenges when bonded to ceramic surface in 
the oral environment. They are exposed to thermal changes, 
chemical and physical and due to the contact with drinks and 
food12. Thus, failure can occur at the interface among ceramic, 
bonding material and orthodontic brackets due to heavy forces 
produced by an archwire during the orthodontic movement and 
thermal changes13. Thermal cycling use temperature variations 
and regimens between 500 and 7,000 cycles to promoted 
stresses at the interface between bonded materials causing their 
deteriorations under simulated oral conditions12-17. However, 
the literature is still not conclusive about silane, adhesive and 
thermal cycling.

The aim of this present in vitro study was to investigate 
the effect of the application of the universal adhesive, silane 
and thermal cycling on the bond strength of ceramic brackets to 
feldspathic ceramic. The hypotheses tested were: 1) the adhesive 
is not higher than the silane on the bond strength; and, 2) Thermal 
cycling does not affect the bond strength.

Material and methods

The surface of 16 feldspathic ceramic glazed cylinders 
(Certec Advanced Ceramics, Barueri, SP, Brazil; 20 mm 
high x 13 mm diameter) were cleaned with a rubber cup (KG 
Sorensen, Cotia, SP, Brazil) and pumice-water slurry (S.S. White, 
Petropolis, RJ, Brazil) for 30 s, rinsed with air-water spray for 
30 s and dried with air for 30 s before testing. The rubber cup 
was replaced after each cylinder. 

The cylinders were randomly assigned into four groups 
(n=4) according to the treatment of surface: G1 - silane, without 
thermal cycling; G2 – silane, with thermal cycling; G3 - adhesive, 
without thermal cycling; and, G4 - adhesive, with thermal 
cycling. The surface of all the cylinders were etched with 10% 
hydrofluoric acid gel (Condac; FGM, Joinvile, SC, Brasil)) for 
60 s, rinsed with oil-free compressed air/water spray for 60 s 
and dried with air for 60 s. 

One layer of a silane coupling agent RelyX Ceramic Primer 
(3M ESPE, St. Paul, MN, USA) was applied onto the cylinders 
surface of the G1 and G2, left in contact for 60 s and dried for 
60 s. G3 and G4 received a layer of photo-activated adhesive 
Single Bond Universal (3M ESPE, St. Paul, MN, USA) and 
light-cured for 20 s using a LED device Radii Plus (SDI Limited, 
Bayswater, Victoria, Australia) having an irradiance of 1,200 
mW/cm2 as measured using a curing radiometer (model 100, 
Demetron Research Corporation, Danbury, CT).

After that, Gemini Clear ceramic brackets, standard 
maxillary premolar (3M Unitek, Monrovia, CA, USA) were 
positioned and bonded to the curved area of the ceramic cylinders 

surface using light-cured bonding resin Transbond XT (3M 
Unitek, Monrovia, CA, USA), according to the manufacturer’s 
instructions. The brackets were seated and positioned firmly on 
the ceramic surface. Excess of light-cured bonding resin was 
removed using a microbrush and light-activation was carried 
out with 4 exposures, one on each side of the bracket, totalizing 
40 s using LED device Radii Plus (SDI Limited). Five ceramic 
brackets were bonded to each ceramic cylinder (n=5) for each 
treatment of surface and thermal cycling, totalized 80 bonded 
brackets.

All samples were stored in deionized water for 24 h at 37 
oC. After this period, specimens of G2 and G4 were submitted 
to a 7,000 thermal cycles in a thermal cycler (MSCT 3, Marnucci 
ME, São Carlos, SP, Brazil) with deionized water between 5 
°C and 55 °C (dwell time of 30 s) and transfer time of 10 s 
between baths. 

The SBS test was performed in a universal mechanical 
testing machine (Model 4411; Instron, Canton, MA, USA) using 
a knife-edged rod at a crosshead speed of 1.0 mm/min until 
failure. A mounting jig was used for the parallel alignment of 
the ceramic- bracket interface to the testing device. Results of 
SBS were submitted to two-way ANOVA and Tukey’s post hoc 
test (α=0.05). 

The fractured specimens were observed under optical 
microscopy (Olympus Corp, Tokyo, Japan) at 40× magnification 
and the Adhesive Remnant Index (ARI) was used to classify 
the mode of failure as follows18: score 0: no resin was left on 
the ceramic; score 1: less than half of the resin was left on the 
ceramic; score 2: more than half of the resin was left on the 
ceramic ; and score 3: all resin was left on the ceramic, with a 
clear impression of the bracket mesh.

Results

The mean SBS values are shown in Table 1. The interaction 
between thermal cycling and treatment was significant 
(p<0.0001). The thermal cycling (p<0.0001) and treatment 
(p<0.0001) directly influenced the SBS values. 
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Means followed by different uppercase letters in the same row and lowercase letters in 
the same column indicate statistically significant difference (p<0.05). 

Table 1 - Mean shear bond strength values (S.D.) in MPa for 
treatment of surface, with and without thermal cycling.
Treatment of
Surface Thermal Cycling

Without With
Silane 14.7 ± 1.2 a, A 7.4 ± 1.1 a, B
Adhesive 9.9 ± 1.1 b, A 5.3 ± 0.8 b, B

Specimens treated with silane provided significantly higher 
SBS values than those treated with adhesive alone, with or 
without thermal cycling (p<0.05). Groups submitted to thermal 
cycling demonstrated lower SBS values than those without 
thermal cycling, regardless of the treatment of surface (p<0.05).
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Figure 1 shows the distribution frequency of ARI. A 
predominance of score 0 was detected in all groups.

without prior application of silane, because the material has 
silane function. However, in this study it was observed that the 
adhesive without silane was not able to penetrate completely 
into the irregularities of the ceramic, probably because in these 
groups the silane was not used. When, the silane is used the 
groups monovalent hydrolysable bond chemically to silicon 
contained in the glass matrix and lithium disilicate3,8. Thus, 
the results showed that the adhesive was not able to promote 
the expected union.

The clinical success, quality and durability of the bond 
is determined by the mechanisms of the bond strength among 
ceramic, bonding materials and orthodontic bracket and may 
be influenced by some factors such as mechanical properties of 
composite resin, silane, adhesive, mechanical fatigue and thermal 
cycling7,9,17. The thermal cycling test has been used to verifiy 
if changes in temperature can interfere on the reduction on the 
bond strength among bracket, bonding material and substrate. 
Probably, the reduction of the mechanical properties of bonding 
materials is a function of a continuous action of water on the 
interface among orthodontic bracket, bonding material and 
substrate. The decrease of bond strength could be caused by 
hydrolytic degradation of the interface components22 or by the 
abrupt fall of temperature of the bonding materials with different 
coefficient of thermal expansion, which can promote thermal 
stresses at the interface brackets, bonding material and ceramic14. 

In relation to the thermal cycling, significant difference 
was found between thermal cycling and water storage (24 h), 
regardless of the treatment of ceramic surface. The results 
indicate that the second hypothesis was rejected. This finding is 
in agreement with those of previous study showing significant 
differences in bond strength for specimens subjected to thermal 
cycling3. However, some studies have found no significant 
difference for bond strength after thermal cycling5,12,17,23,24. The 
results of this study suggest that the absence of difference might 
be explained by the fact that in these studies, the specimens 
were subjected to a small number of cycles, while in the current 
study was used a larger number of cycles. According to Gale 
and Darvell12 (1999) a larger number of cycles are necessary 
to permit accelerated simulation.

A previous study showed that bond strength values in the 
range of 6 to 8 MPa are necessary for orthodontic procedures in 
oral environment25. In this study, brackets bonding to ceramic 
with strength values lower than 6 MPa were obtained for groups 
where adhesive was applied without silane after thermal cycling. 
Therefore, care should be taken when adhesive is used without 
silane because it has not been acceptable potential to resist 
clinically bond strengths.

The analysis of failure modes (ARI scores) showed a 
predominance of failures with score 0 in all groups, with no 
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Fig.1. Distribution frequency of Adhesive Remnant Index (ARI) scores.

Discussion
 
Silane is a monomeric species in which silicon is linked 

to hydrolysable ester groups and reactive organic radicals. 
The monovalent hydrolysable groups bond chemically to the 
silicon contained in the glass matrix and lithium disilicate8,1 9. 
According to Naves et al.11, the effectiveness of bonding when 
using only silane depends on the ability of the resin cement to 
fill the irregularities and to promoted contact between the resin 
cement and the ceramic surface.

In the present study, when a silane was used, the SBS values 
were significantly higher than with adhesive alone, regardless 
of the thermal cycling. Therefore, the first hypothesis, which 
stated that the adhesive is not superior to silane in increasing 
the bond strength was accept. The results of the present study 
are in agreement with those of a previous study, which also 
found significant differences when silane was used7,8,20,21. As 
silane are usually monomeric species, in which silicon is linked 
to reactive organic radicals and hydrolysable ester groups, the 
reactive organic groups become chemically bonded to the resin 
molecules. On the other hand, the hydrolysable groups bond 
chemically to silicon contained in the glass matrix or lithium 
disilicate8 and a chemical bond is formed between the silica layer 
and silane agent on the ceramic surface or the bonding materials. 

On the other hand, when the adhesive was applied 
on the ceramic surface without silane, the SBS decreased 
significantly compared when silane was applied. According 
to the manufacturer’s instructions, the adhesive could be used 
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bonding resin on the ceramic surface. Clinically it may be 
advantageous because there is less bonding material to remove 
from the ceramic surface after bracket debonding7,13.

In this context, the present study showed that thermal 
cycling decreased significantly the bond strength and the use of 
the silane is decisive factor to obtain improved bond strength 
of orthodontic brackets to ceramic surfaces. Clinicians should 
take care during bonding procedures, irrespective of the use 
of adhesive without silane after thermal cycling. Therefore, 
the silane should be used after etching ceramic surface with 
hydrofluoric acid. Thus, additional studies must be performed 
to investigate other possible factors affecting the clinical 
performance of bracket bonding to ceramic such as the types 
of silane and bonding materials.

It may be concluded that the application of silane 
increased significantly the SBS of brackets to ceramic 
surface in relation to adhesive alone, with or without thermal 
cycling. Thermal cycling decreased significantly the SBS in 
all groups. The ARI results showed predominance of score 
0 in all groups.
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