
The present study was evaluated the effect of different light activation and thermocycling 
methods on the shear bond strength (SBS) and on the adhesive remnant index (ARI) of 
metal brackets bonded to feldspathic ceramic. Hundred metal brackets were bonded to 
20 porcelain cylinders, divided into four groups (n=25) based on light activation and 
thermocycling processes. The cylinders were etched with 10% hydrofluoric acid for 60 
s and coated with two layers of silane. The brackets were bonded with Transbond XT 
composite resin. Light activation in Groups 1 and 3 was performed during 3 s using the 
VALO Ortho Cordless appliance with irradiance 3,200 mW/cm2 and in Groups 2 and 4 
for 40 s using Optilight Max appliance with irradiance 1,200 mW/cm². The samples were 
stored in deionized water at 37°C for 24 h and the samples from Groups 1 and 2 were 
submitted to the SBS test at a rate of 1 mm/min, whereas the samples from Groups 3 and 
4 were submitted to 7,000 thermal cycles (5°/55°C) before to the SBS test. The data were 
assessed by two-way analysis of variance and by Tukey’s test (α=0.05). No significant 
difference was observed between SBS means in the different light activation devices used. 
The samples subjected to thermocycling revealed lower SBS values (p≤0.05). There was 
predominance of score 0 for ARI in all groups. Therefore, the different light activation 
methods did not interfere in SBS, but thermocycling reduced SBS. 
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Introduction
There has been a growing demand for orthodontic 

treatment from adult patients (1-3). Quite often, these 
patients already have porcelain prostheses and they 
would not like to have them replaced. This attitude urges 
orthodontists to find bonding alternatives that are effective 
and harmless to the porcelain (1,3,4). 

Different methods have been used to treat porcelain 
surfaces before bracket bonding so as to increase shear 
strength, thereby improving clinical bonding efficiency 
(4,5). According to the literature, application of hydrofluoric 
acid and silane prior to bracket bonding is the best 
alternative for preparation of ceramic surfaces (2-4).

Light cured resins have been developed as bracket 
bonding material, representing major breakthroughs in 
orthodontics by improving bracket positioning, increasing 
working time, and facilitating removal of excess material 
during bonding (6). The first light activation devices 
consisted of 300 to 400 mW/cm2 halogen lamps (7). 
Some alternatives included light-emitting diodes (LED) 
and plasma arcs, with energy emission at 1,600 mW/cm2 
and 2,000 mW/cm2, respectively, reducing light activation 
time (7). Even though there is no clear evidence regarding 
differences in bonding failure in the three light activation 

systems, most studies highlight the remarkable reduction 
in activation time when plasma arcs and LED are used, 
instead of halogen lamps, for bonding of the brackets to 
dental surfaces (7-9). 

It has been recently corroborated that bonding with 
shorter activation time maximizes working time and 
improves the quality of dental services (10). The VALO Ortho 
Cordless (Ultradent Products, South Jordan, Utah, USA), 
with three curing modalities, including a high-irradiance 
mode (3,200 mW/cm2) and an activation time of 3s (10-12), 
proved to be efficient for bracket bonding (10). However, 
it is unknown whether this efficiency is the same for 
different bonding surfaces, because of light reflectance 
and absorbance of porcelain surfaces, for instance (9). No 
articles were found in the literature that evaluated the 
bonding of metal brackets to the porcelain surface with 
photoactivation time of 3 s as in the present study.

Efficient bracket bonding to different surfaces may 
be influenced by thermal changes in the oral cavity (13). 
Temperature oscillations may cause stress in light activated 
bonding materials and may interfere with adhesion as 
a result of the continuous action of water by means of 
hydrolytic degradation (3,13). Thus, thermocycling should 
be evaluated in research studies on the efficiency of bracket 
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bonding.
As pointed out in the literature, it is important to 

investigate methods that may reduce the clinical time 
necessary for the bonding of orthodontic appliances (7), 
rendering the procedure quicker and more comfortable 
to the patient and optimizing the orthodontist’s clinical 
practice without damaging the existing prostheses, in 
addition to maintaining bonding efficiency. Therefore, the 
aim of this study was to assess shear bond strength (SBS) of 
metal brackets bonded to feldspathic ceramic and adhesive 
remnant index (ARI) at different time points (40 s and 3 s) 
and different irradiance levels (1,200 mW/cm² and 3,200 
mW/cm²) during light activation, either in the presence 
or absence of thermocycling. The following hypotheses 
were tested: 1- No statistical difference would be observed 
between the two LED sources at different irradiance levels 
and different activation times; 2- Thermocycling would 
not influence SBS and ARI.

Material and Methods
Sample

The sample in this in vitro experimental study consisted 
of 20 cylinders of feldspathic porcelain (Certec Advanced 
Ceramics, Barueri, SP, Brazil) measuring 19 mm in height 
and 12 mm in diameter. The porcelain cylinders were 
cleaned by previous prophylaxis with pumice stone (S.S. 
White, Petropolis, RJ, Brazil) and a rubber cup (KG Sorensen, 
Cotia, SP, Brazil). Thereafter, each cylinder was etched with 
10% hydrofluoric acid (Dentsply do Brasil, Petrópolis, Rio 
de Janeiro, Brazil) for 1 min following the gold standard 
in the preparation of the porcelain as already described in 
previous studies (3,4,14) and later washed with water jets 
for 30 s and air-dried for 30 s. Two layers of Silane RelyX 
Ceramic Primer (3M ESPE - Saint Paul, MN, USA) were 
subsequently applied with a microbrush (KG Sorensen, 
Cotia, São Paulo, Brazil) for 60 s and then left to dry for 
10 s between applications (14).

A total of 100 metal brackets for lower premolars 
(Abzil; 3M do Brasil Ltda, São José do Rio Preto, SP, Brazil) 
were bonded to the cylinders (five brackets per cylinder) 
using Transbond XT (3M Unitek, Monrovia, CO, USA). A layer 
of the adhesive material was applied to the porcelain, and 
composite resin was applied to the bracket base, according 
to the manufacturer’s instructions (3). After the brackets 
were bonded, excess bonding material was removed with 
a microbrush (KG Sorensen, Cotia, São Paulo, Brazil) (14).

Photoactivation Procedures
Two devices were used for light activation of the 

bonding system: Optilight Max (Gnatus Equipamentos 
Médicos e Odontológicos, Ribeirão Preto São Paulo, 
Brazil) - 1,200 mW/cm² power; and VALO Ortho Cordless 

(Ultradent Products, South Jordan, Utah, USA) - 3,200 mW/
cm² power. Five brackets were bonded to each cylinder 
and split into groups according to light activation and 
thermocycling.

Groups 1 and 3 were light activated for 3 s on the 
occlusal surface of each bracket using VALO Ortho Cordless 
(Ultradent Products, South Jordan, Utah, USA) at maximum 
power (3,200m W/cm²), whereas Groups 2 and 4 were 
light activated for 40 s (10 s for each bracket surface: 
mesial, cervical, distal, and occlusal) using Optilight Max 
(Gnatus Equipamentos Médicos e Odontológicos, Ribeirão 
Preto São Paulo, Brazil) at the power of 1,200 mW/cm². 
The power of both photopolymers was checked by a 
power meter (Ophir Optronics Inc, Danvers, MA, USA). 
Radiation exposure was 9.6 J/cm² and 48 J/cm² for Valo 
and Optilight Max, respectively, calculated according to 
Beolchi (11) and Sword (15).

To prevent brackets bonded to the cylinder from being 
exposed to photopolymerization light, the black adhesive 
tape technique was used, following the standard method 
described in the literature (3,4,16) (Fig. 1). 

Thermocycling
After bonding, all cylinders were stored in deionized 

water at 37 ºC for 24 h in an oven (Fanem LTDA- São Paulo, 
SP, Brazil). Cylinders in Groups 1 and 2 were subjected to 
the SBS test, whereas cylinders in Groups 3 and 4 were 
subjected to 7,000 thermal cycles (MSCT 3, Marnucci ME, 
Sao Carlos, SP, Brazil) using deionized water at 5 and 55 °C 

Figure 1. Coverage of brackets bonded with black adhesive tape. Black 
adhesive tape technique (3,4,16).
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(30 s per bath and a 10-s interval between baths), (3) and 
later subjected to the shear strength test. 

SBS test 
The SBS of brackets to the ceramic surface was 

assessed by a universal testing machine (Model 4411; 
Instron, Canton, MA, USA) at the speed of 1 mm/min. The 
machine’s chisel was positioned parallel to the ceramic-
bracket interface (3,4,16). Shear forces were measured in 
kgf/cm2 and converted to MPa.

Adhesive Remnant Index (ARI)
After bracket debonding, the porcelain surfaces were 

examined with a magnifying glass (ICEL TL 1106, Manaus, 
AM, Brazil), 10x magnification, to calculate the ARI, based 
on the method of Artun and Bergland (17), as follows: 
Score 0: no bonding residue on the ceramic surface; Score 
1: less than 50% of the bonding material remained on the 
ceramic surface; Score 2: more than 50% of the bonding 
material remained on the ceramic surface; and Score 3: all 
of the bonding material remained on the ceramic surface.

Statistical Analysis 
SBS data were assessed by two-way ANOVA and by 

Tukey’s test using a 5% significance level (α=0.05). The 
statistical analysis was performed with SPSS 13.0 (SPSS 
Inc, Chicago, IL, USA).

Results
Shear bond strength values were significantly lower 

for samples subjected to thermocycling (p<0.00001), 
but no significant difference was observed among the 
different light activation devices (p=0.13370). There was 
no significant difference between thermocycling and light 
source interactions (p=0.81766). The mean shear strength 
values are shown in Table 1.

There was predominance of score 0 for ARI in all 
groups (Table  2).

Discussion
Successful bonding of metal brackets to porcelain 

surfaces and their durability are influenced by several 
factors, such as preparation of porcelain surfaces, quality of 
bonding agents, photopolymerization process, and fatigue 
of bonding agents simulated by means of thermocycling 
(3-5). The preparation of the ceramic surface is an important 
step. For proper bonding to the ceramic, the surface is 
usually etching with hydrofluoric acid (3,4,14,16). Recurrent 
clinical condition when prosthetic ceramic elements 
are present and orthodontic brackets must be fixed to 
the ceramic surface. Hidrofluoric acid is known as the 
responsible for creating a rough surface and increasing the 
contact surface area in the ceramic bonding area, improving 
the interation between bonding material and ceramic (16). 
Thus, this procedure is performed have found to be the most 
efficient method of orthodontic bonding. However, due 
to the harmful effects of hydrofluoric acid, the clinician 
should be careful during its clinical application (4).

The present study assessed the effects of different 
light activation methods and of thermocycling on the 
shear strength of metal brackets bonded to porcelain 
surfaces. The first hypothesis that light sources would not 
change the shear strength of metal brackets bonded to 
porcelain surfaces was confirmed, since no statistically 
significant differences were found between the different 
light activation sources at different time periods and power 
levels. This finding is in line with those described in the 
literature, which has not shown significant differences in 
light activation sources and time regarding the bonding 
of brackets to different surfaces, such as bovine enamel, 
human enamel, and porcelain, even though the light 
activation sources are not the same (4,6,7,12,18,19). Oz et 
al.(10) assessed LED sources using similar light activation 
time to the one used herein and they did not find statistically 
significant differences, but they observed shear strength 
in metal brackets bonded to extracted human premolars 
and not in ceramic surfaces.

Irradiance or light intensity (mW/cm²) is an important 
parameter that should be assessed in photopolymerization. 
The concept of total energy demonstrates that the Table 1. Mean shear bond strength (MPa) and standard deviation 

of brackets bonded to ceramic in samples subjected or not to 
thermocycling (TC), light activated with Optilight Max and VALO-
Ortho Cordless

Optilight Max Valo-Ortho Cordless

Without 
thermocycling

7.4 (± 0.9)Aa 7.0 (± 1.1)Aa

With TC 
thermocycling

4.4 (± 0.2)Ab 3.8 (± 0.1)Ab

Identical upper-case letters on the line are not statistically different 
for light sources (p>0.05). Means followed by different lower-case 
letters in the column indicate significant difference between groups 
subjected and not subjected to thermocycling (p<0.05).

Table 2. Fracture pattern of ARI samples (%) for the different light 
sources, subjected or not to thermocycling

Light Source Thermocycling
ARI scores (%)

0 1 2 3

Valo-Ortho Without 92 4 - 4

Optilight Max Without 96 4 - -

Valo-Ortho With 100 - - -

Optilight Max With 100 - - -

ARI: Adhesive remnant index.
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photopolymerization process depends on the energy taken 
up by the resin, in which irradiance is multiplied by exposure 
time (15). Previous studies have argued that irradiance 
should range from 6 to 16 J/cm2 to be effective, but these 
values are not absolute as they depend on other factors 
such as type, thickness, and translucency of the resin and 
on the type of photoinitiator (11,15). In the present study, 
exposure to radiation was 9.6 J/cm² for light activation with 
VALO Ortho Cordless and 48 J/cm² for light activation with 
Optilight Max. The difference was not enough to change 
SBS, though. In line with the findings of the present study, 
some studies have suggested that the extremely thin layer 
of resin with no need for deep light activation used for 
bracket bonding would cancel out the effect associated with 
the difference in energy uptake, which, by itself, would not 
be enough to change SBS. In addition, the wavelengths of 
LED devices would efficiently stimulate camphorquinone, 
rendering photopolymerization effective, regardless of the 
difference in energy uptake (4,11).

The second hypothesis tested in the present study 
that thermocycling would not influence shear strength 
was rejected. Thermocycling has been used to simulate 
fluctuations in temperature and moisture in the oral 
environment in order to assess their influence on shear 
strength (3,13,20,21). The reduction of the mechanical 
properties of bonding resins might be caused by the 
continuous action of water in hydrolytic degradation or 
by the difference in the coefficient of expansion among 
brackets, bonding resin, and ceramic (22). There were 
statistically significant differences in the presence of 
thermocycling, regardless of the LED used. 

Consistent with the present manuscript, several studies 
have demonstrated that thermocycling has a significant 
effect, reducing SBS (3,23,24). However, some other studies 
did not find significant differences in bond strength in the 
presence of thermocycling (13,25), possibly due to the use 
of a smaller number of thermal cycles in such studies, when 
compared to 7,000 cycles suggested to simulate the oral 
environment and a longer orthodontic treatment period, 
around 5.83 years (24), used in the present study. 

ARI predominantly had score 0 in most samples, in 
line with the findings of previous studies (3,23,24). In the 
groups subjected to thermocycling, all samples (100%) had 
score 0 (with no remnant resin on the porcelain surface), 
that is, total removal of the resin adjacent to the bracket 
during shear stress, showing that bonding proved to be 
weak between the resin and the porcelain. The clinical 
advantage of that is the reduced need for removal of the 
resin from the porcelain surface. However, score 3, in which 
all resin would remain bonded to the porcelain, would be 
safer, preventing possible fractures on the porcelain surface 
during shear stress (16). In this study, the presence of flaws 

on the porcelain surface was not assessed. Therefore, new 
hypotheses, which associate the characteristics of this 
surface with the analyzed variables, are suggested.

Future studies should look into other factors such as 
light activation distance and angle in order to investigate 
possible variables that could influence the bonding of metal 
brackets to porcelain in shorter light activation periods, 
but thermocycling should be indicated for all factors being 
evaluated. The present study revealed that different light 
activation methods did not play a decisive role in SBS of 
metal brackets to ceramic, but thermocycling reduced 
shear bond strength.

Resumo
No presente estudo foi avaliado o efeito de diferentes métodos de 
fotoativação e ciclagem térmica na resistência da união ao cisalhamento 
(RUC) e no índice de remanescente adesivo (IRA) de braquetes metálicos 
colados à cerâmica feldspática. Cem braquetes metálicos foram colados 
em 20 cilindros de porcelana, divididos em 4 grupos (n=25) de acordo 
com o processo de fotoativação e ciclagem térmica. Os cilindros foram 
condicionados com ácido fluorídrico 10% por 60s e receberam 2 camadas 
de silano. Os braquetes foram colados com a resina composta Transbond 
XT. A fotoativação nos Grupos 1 e 3 foi realizada por 3 segundos usando 
o aparelho VALO Ortho Cordless com irradiância de 3200 mW/cm2 e nos 
Grupos 2 e 4 por 40 segundos utilizando o aparelho Optilight Max com 
irradiância de 1200 mW/cm². As amostras foram armazenadas em água 
deionizada a 37°C por 24 h, após as  amostras dos grupos 1 e 2 foram 
submetidos ao teste de RUC, velocidade de 1 mm/min, e as amostras dos 
grupos 3 e 4 foram submetidas a 7.000 ciclos térmicos (5°/ 55°C) antes 
da RUC. Os dados foram submetidos à Análise de Variância dois fatores 
e ao teste de Tukey (α=0,05). Não foi encontrada diferença significativa 
entre as médias da RUC nos diferentes aparelhos de fotoativação. Quando 
submetidos à ciclagem térmica apresentaram menores valores de RUC 
(p≤0,05). O IRA mostrou predominância de escore 0 para todos os grupos. 
Conclui-se que os diferentes métodos de fotoativação não interferiram 
na RUC, porém a ciclagem térmica reduziu a RUC.
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