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INTRODUCTION

Considering the increase in demand for orthodontic 
treatment in adults, bracket bond to restored teeth 

is a clinical challenge.[1] Ceramic restorations are 
extensively used to replace the lost or severely 
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ABSTRACT

Background: Considering the increase in demand for orthodontic treatment in adults, bracket bond 
to restored teeth is a clinical challenge. This study sought to compare the shear bond strength (SBS) 
of orthodontic brackets to feldspathic porcelain using universal adhesive and conventional adhesive 
with and without silane application.
Materials and Methods: In this in vitro study Fifty‑six feldspathic porcelain discs were roughened 
by bur, and 9.6% hydrofluoric acid was used for surface preparation. Samples were divided into 
the following four groups (n = 14): Group 1: universal adhesive, Group 2: universal adhesive/silane, 
Group 3: conventional adhesive, and Group 4: conventional adhesive/silane. Mandibular central 
incisor brackets were bonded, and SBS was measured by Instron® machine. To assess the mode of 
failure, adhesive remnant index (ARI) score was determined. The data were analyzed using SPSS 
software and two‑way ANOVA, Bonferroni test, and Kruskal–Wallis test (P < 0.05 considered 
significant).
Results: The highest SBS was noted in the universal adhesive/silane group (12.7 MP) followed 
by conventional adhesive/silane (11.9 MP), conventional adhesive without silane (7.6 MP), and 
universal adhesive without silane (4.4 MP). In the absence of silane, the conventional adhesive 
yielded significantly higher SBS than universal adhesive (P = 0.03). In the presence of silane, the 
two adhesives showed SBS values significantly higher than the values obtained when silane was not 
applied, while the two adhesives were not significantly different in terms of SBS in the presence 
of silane (P = 0.53). Based on ARI score, there were statistically significant differences between 
Groups 1 and 4 (P = 0.00) and Groups 2 and 4 (P = 0.023).
Conclusion: Based on the current results, SBS of bracket to porcelain mainly depends on the use of 
silane rather than the type of adhesive. Both universal and conventional adhesives yield significantly 
higher SBS in the presence of silane compared to that in the absence of silane.
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damaged teeth due to optimal biocompatibility and 
favorable esthetics.[2,3] Because ceramic surfaces 
cannot easily bond to other dental materials 
particularly composite resin, ceramic surface 
preparation is a necessity before bonding.[4,5]

Several mechanical and chemical methods and 
a combination of both are used to alter ceramic 
surface’s properties.[2,6,7] Sandblasting and surface 
roughening by bur are among the commonly used 
mechanical methods for ceramic surface preparation. 
Hydrofluoric (HF) acid is also used for surface 
etching.[8,9] Laser, as an alternative surface treatment 
modality, has been evaluated as well.[6] Etching of 
the ceramic surface with HF acid can yield a bond 
strength value as high as that obtained by enamel 
etching; however, the clinical application of HF acid 
must be done with caution because it has adverse 
effects on oral soft tissue and thus, contact with oral 
mucosa must be avoided.[7,9]

Silane application has also been suggested to increase 
composite bond strength to porcelain surface. Silane 
is a coupling agent which can enhance the bond to 
bracket. Silane is composed of bifunctional molecules 
which bond to resin on the one end to porcelain on the 
other end. Moreover, silane increases the wettability 
of ceramic surface.[10]

In general, bracket bonding to porcelain surfaces 
in orthodontics is done by the application of fifth 
generation of bonding material such as Single 
Bond 2, after etching with HF acid with or without 
silane.[1] Universal adhesives, introduced in the 
recent years, enable bracket bond to different 
surfaces such as enamel, dentin, composite resin, 
porcelain, and amalgam, all with the use of a single 
adhesive.[11] They contain many ingredients, such 
as bisphenol A-glycidyl methacrylate, hydroxyethyl 
methacrylate, 10-methacryloyloxydecyl dihydrogen 
phosphate (MDP), and/or silane.[12,13] As MDP is a 
versatile amphiphilic functional monomer, it is the 
most important component in multi-mode universal 
adhesive (MUAs) for practical use. MDP has the 
potential to bond chemically to metals, zirconia, and 
tooth tissue.[12,14] However, little is known regarding 
the bonding efficiency of universal adhesives to 
orthodontic bracket and artificial surfaces, Thus, this 
study aimed to assess and compare the shear bond 
strength (SBS) of orthodontic metal brackets to 
feldspathic porcelain by the use of universal adhesive 
in comparison with Single Bond 2 as a conventional 
adhesive.

MATERIALS AND METHODS

In this in vitro study total of 56 feldspathic porcelain 
discs measuring 5 mm in thickness and 8 mm in 
diameter were fabricated. Samples were randomly 
divided into four groups of 14 to receive the following 
surface treatments:
• Group 1 – HF acid + universal adhesive
• Group 2 – HF acid + silane + universal adhesive
• Group 3 – HF acid + conventional adhesive
• Group 4 – HF acid + silane + conventional 

adhesive.

The discs were fabricated in desired dimensions and 
glazed. Disc surfaces in all groups were roughened by 
a long‑fissure diamond bur (Tizkavan, Tehran, Iran) 
for 5 s. All discs were then etched with 9.6% HF 
acid for 90 s (FGM HF, Avisa, Brazil), rinsed with 
water spray for 30 s, and dried by air spray for 30 s 
to obtain a chalky white appearance.

Next, in Group 1, one layer of Scotchbond™ Universal 
adhesive (3M™ ESPE™, Seefeld, Germany) was 
applied on the surface of discs by a microbrush for 
20 s, thinned by air spray for 5 s, and light cured for 
10 s using Optilux light‑curing unit (Kerr, Danbury, 
CT, USA) with a light intensity of 650 mW/cm2.

In Group 2, silane (FGM Silane, Avisa, Brazil) was 
applied on disc surfaces for 1 min by a microbrush 
and after 30 s of drying by air spray, one layer of 
Scotchbond Universal adhesive (3M ESPE, Seefeld, 
Germany) was applied for 20 s followed by 5 s of air 
spray and light curing for 10 s.

In Group 3, two layers of Single Bond 2 conventional 
adhesive (3M ESPE, Conway, USA) were applied 
on the surface for 20 s, air sprayed for 5 s, and light 
cured for 10 s.

In Group 4, silane was applied on disc surfaces by 
a microbrush for 1 min and dried with air spray 
for 30 s. Two layers of Single Bond 2 conventional 
adhesive were then applied by a microbrush for 20 s, 
dried with air spray for 5 s, and light cured for 10 s.

Mandibular central incisor brackets (American 
Orthodontics, CA, USA) were bonded to the disc 
surfaces using Transbond XT composite (3M ESPE 
Dental Products, CA, USA) by a single operator and 
light cured for 40 s. The discs were then mounted 
on autopolymerizing acrylic resin (Parsdental, 
Tehran, Iran) such that the bracket slot was parallel 
to the horizon. All samples were stored in distilled 
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in universal adhesive plus silane group followed 
by conventional adhesive plus silane, conventional 
adhesive without silane, and universal adhesive 
without silane groups.

Two‑way ANOVA was applied to assess the effect 
of type of adhesive and use of silane on the mean 
SBS which showed that the interactive effect of 
type of adhesive and silane on SBS was statistically 
significant (P = 0.047).

Because the effect of silane on SBS of universal and 
conventional adhesives was significant, Bonferroni 
test was applied, which showed a statistically 
significant difference between the two adhesives in 
terms of SBS when silane was not applied (P = 0.03). 
In other words, in the absence of silane, conventional 
adhesive yielded significantly higher SBS than 
universal adhesive, whereas the two adhesives were 
not statistically significantly different in terms of 
SBS in the presence of silane (P = 0.53). Although 

water for 24 h. Prior to SBS testing, the samples 
were subjected to 500 thermal cycles between 5°C 
and 55°C within 24 h, and shearing force was then 
measured in universal testing machine (Instron UTM, 
Zewic/Roell Z020, Germany) with a crosshead speed 
of 0.5 mm/min. The SBS was calculated using the 
following formula:

SBS = Load at failure (N)/bracket cross-section (mm2).

To assess the mode of failure, all samples were 
evaluated under a stereomicroscope (ZSX9, 
Olympus, Tokyo, Japan), and the Adhesive Remnant 
Index (ARI) score was determined as suggested by 
Artun and Bergland[15] as follows:
• Score 0 – No adhesive remaining on the 

surface [Figure 1]
• Score 1 – About 25% of adhesive remaining on 

the surface
• Score 2 – About 50% of adhesive remaining on 

the surface
• Score 3 – About 75% of adhesive remaining on 

the surface
• Score 4 – The entire surface is covered with 

adhesive [Figure 2].

Statistical analysis
The data were analyzed using SPSS software 
version 18 (SPSS Inc, Chicago, IL, USA). Normal 
distribution of data was assessed using Kolmogorov–
Smirnov test. Two‑way ANOVA followed by 
Bonferroni test was used to compare SBS in the four 
groups. In addition, Kruskal–Wallis test was applied 
to compare the mode of failure in the four groups 
(P < 0.05 considered significant).

RESULTS

Kolmogorov–Smirnov test confirmed the normal 
distribution of data in the following four groups: 
Group 1: (P = 0.810), Group 2 (P = 0.126), 
Group 3 (P = 0.588), and Group 4 (P = 0.621). 
Table 1 shows the descriptive statistics of SBS in 
the four groups. Maximum bond strength was noted 

Table 1: Mean and standard deviation of shear 
bond strength (MPa) in different groups
Adhesive Silane Mean±SD
Conventional Yes 11.9 (5.0)

No 7.6 (3.5)
Universal Yes 12.7 (2.9)

No 4.4 (2.8)

SD: Standard deviation Figure 2: Score 4: The entire surface is covered with adhesive.

Figure 1: Score 0: No adhesive remaining on the surface.
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surfaces were roughened by bur; the method whose 
efficacy has been previously confirmed and requires 
no additional equipment.

HF acid can be used for the chemical alteration of 
ceramic surface.[8,9] Trakyali et al. evaluated the 
effect of acid concentration and type of silane on 
SBS of orthodontic brackets to ceramic surfaces and 
demonstrated that the use of 9.6% HF acid (instead 
of 5% HF acid) yielded the highest SBS.[18] In the 
current study, 9.6% HF acid was used for 90 s to etch 
the ceramic surfaces.[19]

In addition to surface roughening and deglazing 
the ceramic surface by HF acid, silane application 
on the ceramic surface has been recommended as 
a reinforcing chemical agent to enhance the bond 
strength.[19] The results of previous studies on the 
efficacy of silane to increase the SBS of bracket to 
ceramic surfaces have been controversial.[1,10,18,19] 
Thus, in the current study, silane was used in two out 
of the four groups for bracket bonding. The results 
showed that silane application significantly increased 
the SBS compared to no application of silane.

Kukiattrakoon and Thammasitboon suggested the 
hypothesis that SBS is determined not only by 
surface roughness but also by other factors such as 
silanization, especially when the porcelain has been 
previously etched with HF acid.[19]

Gonçalves et al. assessed the effect of bonding agent, 
duration of etching, and presence/absence of silane 
on SBS of orthodontic brackets to ceramics and 
reported that the highest SBS was obtained by the 
use of Transbond XT along with silane following 60 s 
of etching.[20] Girish et al. reported that the highest 
SBS was obtained following sandblasting and use of 
silane for ceramic surface preparation.[6] Türk et al. 
evaluated the bond strength of brackets to ceramic 
surfaces with different surface preparations and noted 
the highest SBS following etching with 9.6% HF 
acid and application of silane,[3] which was similar 
to our finding. However, Abdelnaby et al. and Karan 
et al. reported that the use of silane did not have any 
advantage.[21,22]

Introduction of universal adhesives in the recent 
years has enabled bracket bond to different surfaces 
namely enamel, dentin, composite resin, porcelain, 
and amalgam, with the use of one single adhesive. 
A study by Hellak et al. evaluated the SBS of 
orthodontic brackets to ceramic surfaces by the use 
of universal and conventional adhesives.[14] Thus, the 

in the presence of silane, the mean SBS of universal 
adhesive group was slightly higher than that of 
conventional adhesive group, this difference did not 
reach statistical significance.

The ARI score was determined in the four groups 
under a stereomicroscope. Table 2 shows the mode 
of failure and ARI scores in the four groups. In 
Group 1, 71% of the samples had ARI score of 4. In 
Group 2, 40% of the samples showed ARI score of 
3. The ARI score in Group 3 was the same as that 
in Group 2. In Group 4, most samples showed ARI 
score of 0.

The Kruskal–Wallis test was applied to compare the 
mode of failure in the four groups. Based on the 
results, significant differences were noted between 
Groups 1 and 4 (P = 0.00) and Groups 2 and 
4 (P = 0.023); no other significant differences were 
noted in this respect (P > 0.05).

DISCUSSION

Bracket bond to ceramic surfaces is a major challenge 
in this respect. Bond to ceramic requires surface 
preparation. Several methods have been suggested for 
ceramic surface preparation in literature. By advances 
in the production of different types of ceramics, the 
conventional preparation techniques may no longer be 
able to provide a strong bond to ceramic surfaces.[4,5]

Several mechanical and chemical methods and a 
combination of both are used to alter the surface 
properties of ceramics.[2,6,7] Sandblasting and surface 
roughening by bur are among the mechanical 
techniques used for this purpose.[16,17] The results 
of previous studies on superiority of one technique 
over the other are controversial. Elsaka reported 
that sandblasting with aluminum oxide particles 
yielded results superior to surface preparation by 
bur,[17] whereas Najafi et al. indicated that surface 
roughening by bur yielded higher bond strength 
compared to sandblasting.[16] In the current study, disc 

Table 2: Adhesive Remnant Index score in different 
groups
Adhesive Silane ARI score

0 (%) 1 (%) 2 (%) 3 (%) 4 (%)
Universal No 0 (0) 0 (0) 1 (7.1) 3 (21.4) 10 (71.4)

Yes 2 (14.3) 0 (0) 1 (7.1) 5 (35.7) 6 (42.9)
Conventional No 2 (14.3) 0 (0) 4 (28.6) 3 (21.4) 5 (35.7)

Yes 6 (42.9) 4 (28.6) 2 (14.3) 0 (0) 2 (14.3)

ARI: Adhesive Remnant Index
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current study evaluated the SBS of metal brackets to 
feldspathic porcelain by the use of universal adhesive 
and Single Bond 2 as a conventional adhesive and 
showed that, in the presence of silane, universal 
adhesive yielded higher SBS compared to Single 
Bond 2; however, this difference was not statistically 
significant. In other words, in the presence of silane, 
universal adhesive can serve as a suitable alternative 
to Single Bond 2, whereas in the absence of silane, 
SBS provided by Single Bond 2 was higher than that 
provided by universal adhesive. The three groups (all 
except the universal adhesive without silane group) 
showed SBS values that satisfied or were greater than 
the minimum value required by Reynolds (5.9–7.8 
MPa) for the clinical use of brackets.[23] These results 
show that the presence of silane and its coupling 
function is more important than the type of adhesive. 
Other studies have proven the positive effect of 
silane on SBS of brackets to ceramic surfaces.[3,21-23] 
Isolan et al. evaluated the bond strength of composite 
to feldspathic porcelain using universal adhesives 
compared to conventional adhesives and reported that 
universal adhesives yielded higher SBS compared 
to conventional adhesives.[24] They used Scotchbond 
as universal and Single Bond 2 as conventional 
adhesives, similar to the current study. Hellak et al. 
evaluated the SBS of brackets to the enamel and 
restorations using three bonding systems. They 
showed that Scotchbond Universal provided the 
highest SBS of brackets to feldspar ceramic surfaces, 
whereas the conventional adhesive (Transbond XT) 
was the best in bonding to enamel.[14]

During debonding of brackets, four types of fractures 
may be seen, namely cohesive within the porcelain, 
cohesive within the adhesive layer, adhesive at the 
porcelain‒adhesive interface, and adhesive at the 
adhesive‒bracket interface. Assessment of ARI scores 
showed that, in the group of universal adhesive 
without silane, 71% of the samples showed adhesive 
fracture at the adhesive‒bracket interface with no 
obvious remnant composite on the base of the bracket. 
ARI score in Groups 2 and 3 was similar. In both 
groups, more frequent ARI score was 4. However, in 
the last group (conventional with silane), ARI score 
of 0 was frequent that showed the adhesive fracture at 
the porcelain‒adhesive interface. ARI score and mode 
of failure cannot be predicted based on the bond 
strength value because it depends on several factors 
such as bracket base design and type of adhesive.[24] 
The mode of failure is crucial in damage to porcelain 
restorations. Thus, it is important to minimize the 

risk of damage to porcelain as much as possible.[25] 
Naseh et al. showed that cohesive porcelain fracture 
had the lowest frequency in the lithium disilicate/
Assure Plus group (one type of universal bonding).[26] 
Golshah et al. showed that the group of Transbond 
XT bonding plus silane and universal adhesive plus 
silane had the highest frequency of ARI score of 3, 
whereas groups Transbond XT bonding alone and 
universal adhesive alone had the highest frequency 
of ARI scores 0 and 1,[27] which is partially according 
to our study result. In general, the results of in vitro 
experiments are never precisely comparable with those 
of in vivo situations. However, the results of in vitro 
experiments can provide important information for 
in vivo situations and are of decisive value for clinical 
practice and day-to-day clinical use.

CONCLUSION

1. The SBS provided by universal adhesive is not 
significantly different from that provided by 
conventional adhesive in the presence of silane

2. In the absence of silane, conventional adhesive 
yields significantly higher SBS compared to 
universal adhesive

3. In the presence of silane, both adhesives provide 
significantly higher SBS compared to no use of 
silane

4. SBS of brackets to porcelain surfaces is mainly 
influenced by the use or no use of silane rather 
than type of adhesive.
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