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Abstract
Background. Nowadays, due to an  increasing number of adult orthodontic applicants, who also have 
multiple dental restorations, it is important to have the ability to bond an orthodontic appliance to restora-
tion surfaces.

Objectives. The aim of this paper was to determine the shear bond strength of ceramic brackets of 3 dif-
ferent base designs bonded to amalgam and composite restorations after using different surface treatment 
methods in vitro. 

Material and methods. In an  in vitro study, the surfaces of 180 amalgam and composite specimens 
were prepared by using sandblasting and the erbium, chromium-doped yttrium, scandium, gallium, and 
garnet (Er,Cr:YSGG) laser irradiation. Ceramic brackets of 3 base designs, including Star, Cross and Slot, for 
upper central teeth were bonded to amalgam and composite surfaces by using Transbond™ XT Light Cure 
Adhesive. All specimens were incubated at a temperature of 37°C for 1 week, and then subjected to shear 
bond strength tests after 1,000 cycles of thermal cycling. The bond strength of the groups was analyzed 
by means of the one-way and two-way analysis of variance (ANOVA), and the comparison of the 2 groups 
was made with Tukey’s test. Residual adhesives were also determined by means of a 4-part criterion (0–3) 
in different groups and the results were analyzed with the χ2 test.

Results. There was a significant difference in the shear bond strength of brackets of 3 base designs bonded 
to amalgam and composite surfaces with different surface treatment.

Conclusions. According to the results of this study, all surface treatment methods and different bracket 
base designs were able to provide sufficient shear bond strength on composite and amalgam surfaces. 
As far as the bracket base design is concerned, the use of each of the 3 base designs in the amalgam group 
brought desirable effects in terms of the adhesive remnant index (ARI) and shear bond strength values; the 
use of the Star base design in the composite group proved to be suitable. 
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Introduction
In contemporary orthodontic treatment, establishing 

a  successful clinical bond between the bracket and the 
tooth surface is essential. Currently, the number of  pa-
tients applying for orthodontic treatment is on the rise, 
and adults’ treatment has also grown rapidly. Orthodon-
tic treatment for both clinical and cosmetic purposes has 
long been popular among teenagers, but in recent times, 
middle-aged patients and seniors have also sought orth-
odontic treatment more frequently than previously. These 
patients commonly received amalgam or metal restora-
tions in their earlier dental treatment. At least 1 amalgam 
restoration was found in 50–85% of the population.1 Re-
cent orthodontic treatment requires bonding orthodontic 
appliances to restoration surfaces, including resin, amal-
gam and porcelain composites, and thus achieving a reli-
able bond to restoration surfaces is important. As adults 
tend to look esthetic, they use ceramic brackets and have 
dental restorations, many studies have been conducted on 
the bond strength of orthodontic brackets on restoration 
surfaces, such as amalgam or porcelain. It should be high 
enough to maintain orthodontic brackets during orth-
odontic treatment2 and to withstand the forces caused by 
occlusion, chewing and wire stressing as well as biome-
chanical forces. On the other hand, bond strength must 
not be too high so that to avoid causing damage to the 
tooth surface during debonding at the end of  the treat-
ment.3

To be accepted, a  bracket bond system must be able 
to withstand the forces of  orthodontic wires as well as 
those of  the oral environment. Bond strength testing is 
one of the most popular analyses used in dental material 
evaluation. The force used in these tests is often of tensile 
or shear type. In a comparison between tensile, shear and 
torsional forces, it has been identified that shear forces are 
the most common and destructive type of forces, which 
cause bracket debonding in the mouth.4,5

Things get even tougher when we want to bond 
brackets on dental restorations, and not on the enamel. 
Various surface preparation methods as well as differ-
ent kinds of physical and chemical retention are used 
to do this.6

Some research has been carried out on the effects 
of various surface preparation methods, such as diamond 
milling, sandblasting, or etching with phosphoric acid and 
hydrofluoric acid.7 Sandblasting or aerating is a method 
of combining aluminum oxide particles with air pressure 
to increase bond strength to gold, porcelain, amalgam, 
and composite resins. Other clinical applications of sand-
blasting include removing the composite from the surface 
of the debonded bracket, increasing the retention of orth-
odontic bands and making the surface of  primary teeth 
rough.8 Sandblasting is the most common way of  sur-
face preparation and increases bond strength by creating 
scratch-like irregularities.9

Recently, the Er,Cr:YSGG laser system has also been 
considered for surface preparation, and it has been deter-
mined that this type of laser produces a rough surface on 
the enamel and the dentin, similarly to the conventional 
acid-etching technique.9 Limited studies have evaluated 
the effects of laser irradiation on the surface of metal res-
torations and it has been found that Er,Cr:YSGG lasers 
can partially cause abrasion on amalgam surfaces.10

Ceramic brackets are a  type of  orthodontic brackets 
made of  non-metal minerals that are almost colorless. 
This type of  brackets is used for people who want the 
orthodontic appliances on their teeth to be almost unno-
ticeable, not attracting the attention of others. Currently, 
all the available ceramic brackets are made of aluminum 
oxide. These brackets are divided into 2 types at the 
manufacturing stage – polycrystalline and monocrystal-
line, and the main difference is in the transparency of the 
brackets; single-crystal brackets are more transparent 
than polycrystalline ones. Fortunately, both single-crystal 
and polycrystalline brackets are resistant to staining and 
discoloration.11

Mechanical bonding is caused by the clogged spots and 
surface roughness, and the locking of the materials. The 
amount of the created microscopic retention indicates the 
strength of the bond. Almost all dental bonding consists 
in mechanical bonding. Chemical bonding is also possi-
ble, but this type of bond often accounts for a small share 
of  the total bond strength.12 For mechanical bonding, 
various bracket base designs, such as microcrystalline, 
mechanical, button, and polymer bases are available.13 
Different bracket base designs are used to achieve proper 
mechanical retention and bonding of orthodontic appli-
ances to different dental surfaces or restorative materi-
als; it has been shown that different bracket base designs 
show different bond strength.14,15

Bracket failure is divided into 2 groups with regard to 
its location: cohesive failure, which occurs inside the ad-
hesive; and adhesive failure, which occurs at the site of the 
tooth–adhesive or bracket–adhesive interface.

The adhesive remnant index (ARI) is used to classify 
the bond failure location.2 Based on the material outlined 
and the availability of 3 different base designs (Star base, 
Cross base and Slot base), we intended to use both the 
sandblasting and laser surface treatment methods, due to 
their frequent application, to examine the bond strength 
of ceramic brackets of  these 3 different base designs on 
amalgam and composite restorations.

Material and methods
This in vitro study was conducted on 180 samples 

of amalgam and composite in 12 groups of 15 (for each 
of the 3 bracket base designs, each kind of surface – amal-
gam or composite, and each method of surface prepara-
tion – sandblasting or laser). There were 3 groups of 60 



Dent Med Probl. 2021;58(2):193–200 195

for each bracket base design; half of the specimens were 
bonded to amalgam surfaces and the other half to com-
posite surfaces. The grouping was done randomly.

To simulate the amalgam restoration cavities, 2 grooves, 
3.5  mm in diameter and 6  mm in width, with smooth 
baffles and parallel walls perpendicular to the surface, 
were cut on brass ingots. This was accomplished by us-
ing a milling machine and a cylindrical turning machine. 
For composite samples, 90 Filtek® Z250 composite discs 
(3M ESPE, St. Paul, USA) of  color A2, a  10-millimeter 
diameter and a 2-millimeter thickness were prepared by 
the operator and, using the Ortholux® LED device (3M 
Unitek, Monrovia, USA) with radiometer adequacy, they 
were illuminated at a moderate intensity for 40 s on both 
sides.16 The head was at a 90° angle to the surface of the 
discs. They were then evaluated ophthalmologically for 
the absence of cracks or any defects.

In the sandblasting group, amalgam and composite 
surfaces were sandblasted with the DENTO-PREP™ 
microbeader (Rønvig Dental, Daugård, Denmark) using 
50-micrometer aluminum oxide particles, at air pressure 
of 3 kg/cm2 at a distance of 10 mm for 4 s. A plaster fa-
cade after washing and drying amalgam and composite 
surfaces was considered as a  criterion for finishing the 
sandblasting operation.17

In the laser group, an  Er,Cr:YSGG laser machine 
(Biolase Europe, Floss, Germany) with a  G-type 
600-micron tip was used to prepare the surface. This 
laser system produces photons with a  wavelength 
of 2.78 μm, with a duration of 140–200 μm and a repeti-
tion rate of 20 Hz. The output power varies from 0 to 
6 W. In this study, a power of 1 W (20% air level and 10% 
water level) was used. The rays were irradiated perpen-
dicular to the surface at a distance of 1 mm with a radia-
tion time of 5 s. The droplet size was 0.228 mm and the 
energy density of the laser was 17.7 J/cm. After irradia-
tion, amalgam and composite samples were rinsed with 
distilled water and finally dried.5

Upper central incisor ceramic brackets (0.022-inch 
slot size) and a base of a surface area of 12.25 mm2 were 
bonded to the center of  the amalgam and composite 
surfaces of  the specimens from 12  groups. The Trans-
bond® XT bonding agent and Transbond XT Light Cure 
Adhesive (3M Unitek) containing 45–55% of  bisphe-
nol A  diglycidyl methacrylate (Bis-GMA) and 45–55% 
of  triethylene glycol dimethacrylate (TEGDMA) were 
used for bonding the attachments. The Transbond XT 
bonding agent was applied to amalgam and compo-
site surfaces with the help of a microbrush, dried with 
a  slight pressure of  air spray (no water or oil) and left 
to dry for 10 s. Transbond XT Light Cure Adhesive was 
applied on the back of the bracket, and then the bracket 
was compressed on amalgam and composite surfaces 
with the use of  an orthodontic gage. Excess composite 
was removed by using the sharp tip of an explorer. After 
making sure that the desired condition was reached, 

the curing operation of the composite was carried out with 
a  medium-intensity light-curing apparatus,8 in which 
the light was spun for 40 s perpendicular to the surface 
of the ceramic bracket face.18

All samples were stored in an incubator (Pars Azma Co., 
Tehran, Iran) at 37°C and 95% humidity for 1 week, 
and  then thermocycled for 10,000 rounds, using a  ther-
mal cycler (Dorsa, Tehran, Iran). They were placed in 5°C 
in cold water for 20 s and in 55°C in warm water for 20 s 
in each cycle, and were kept for 5 s out of the water con-
tainer, between the 2 containers.10 Due to  the fact that 
orthodontic adhesives are routinely exposed to thermal 
changes in the oral cavity, it is paramount to establish 
whether these changes introduce stress in the adhesive 
that might affect bond strength. Thermal cycling is an in 
vitro process through which the adhesive resin is sub-
jected to temperature extremes, compatible with the oral 
cavity environment.19

In order to mount the samples in acrylic resin for bond 
strength testing, wax boxes were fabricated and the brack-
ets were placed on top of the boxes (5 per each row) with 
0.019 × 0.025-inch wire ratchets, using elastomeric liga-
tures in such a way that they were parallel to the longitu-
dinal margins of the box. Autopolymerizing acrylic resin 
was poured into the box up to the upper margin of com-
posite discs. The samples were embedded in the acrylic 
resin. The contact of the acrylic resin and the bracket was 
prevented as such, and a proper stub was obtained for the 
placement of the samples in a universal testing machine.16 
To measure shear bond strength, the samples were placed 
in a universal testing machine (STM-20; SANTAM Engi-
neering Design Co. Ltd., Tehran, Iran) with pooling tools 
of a 0.02-inch ligature wire. The ligature wire was modi-
fied and connected with the bracket as a shear tool, and 
a direct force was applied at a speed of 1 mm/min until 
the bracket fell apart. The load at fracture was recorded in 
newtons. By dividing the load [N] by the cross-sectional 
area of the bracket [mm2], the shear bond strength of the 
brackets was calculated [MPa]. The samples were evaluat-
ed under a stereomicroscope (Carl Zeiss, Jena, Germany) 
at ×10 magnification to determine the mode of  failure. 
The ARI score was also calculated based on the amount 
of adhesive remaining on the surface, using a 4-point scale 
as follows3:
– score 0: no adhesive remained on the restoration sur-

face;
– score 1: less than 50% of the adhesive remained on the 

restoration surface;
– score 2: more than 50% of the adhesive remained on the 

restoration surface;
– score 3: all the adhesive remained on the restoration 

surface.
The IBM SPSS Statistics for Windows software, v. 20, 

was used for data analysis. For this purpose, the mean (M) 
and standard deviation (SD) for the shear bond strength 
values for 12 sample groups were calculated and reported. 
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The data was analyzed by means of the one-way and two-
way analysis of variance (ANOVA), and Tukey’s test for 
paired comparisons. Also, the ARI scores after debond-
ing were compared among the groups with the χ2 test. 
A p-value <0.05 was considered statistically significant.

Results
In this study, according to the one-way ANOVA, sig-

nificant differences were noted in shear bond strength 
between the 12 experimental groups.

The comparison of shear bond strength in the amalgam 
vs composite groups, sandblasting vs laser groups and 
3 bracket base design groups revealed significant differ-
ences (Table 1).

The comparison of shear bond strength in the compo-
site group with sandblasting and laser surface treatment 
revealed no significant difference, but in the amalgam 
group with sandblasting and laser surface treatment, 
there was a significant difference (Table 2).

The comparison of shear bond strength in the compo-
site group with 3 bracket base designs revealed a signifi-
cant difference, but in the amalgam group with 3 bracket 
base designs, there was no significant difference (Table 3).

Adhesive remnant index 

According to the results shown in Table 4, the differ-
ence in the ARI scores between the composite and amal-
gam groups was significant at the 0.05 level of probability. 

Most composite specimens (71.1%) had an ARI score of 3 
(100% of  the adhesive remained on the restoration) and 
most amalgam samples (88.8%) showed an ARI score of 0 
(no adhesion remained on the restoration). The highest 
fracture incidence in the composite base was observed in 
the case of the Cross base design of the composite groups. 
In the composite + laser + Star group, fractures in the 
composite base were observed in 2 samples.

Discussion
One of the difficulties in fixed orthodontic treatment is 

peeling off the brackets from the tooth surface. In other 
words, the repeated removal of orthodontic attachments 
is a major problem in orthodontics. On the other hand, 
with an increasing number of adults with multiple resto-
rations, requesting orthodontic treatment and with re-
gard to the interest of these patients in ceramic brackets, 

Table 1. Distribution and comparison of the mean shear bond strength [MPa] in different groups

Groups M SD Min Max p-value

Restorative material
composite 9.68 2.44 2.77 22.06

0.001*
amalgam 6.55 1.61 1.89 14.22

Surface preparation
sandblasting 8.84 2.06 2.77 22.06

0.030*
laser 7.40 1.99 1.89 19.53

Bracket base design

Star 8.84 2.46 3.58 13.71

0.001*Cross 11.46 5.47 1.89 22.60

Slot 5.29 2.18 2.60 12.51

M – mean; SD – standard deviation; min – minimum; max – maximum; * statistically significant.

Table 2. Distribution and comparison of the mean shear bond strength 
[MPa] in the composite and amalgam groups with sandblasting and laser 
surface preparation

Restorative 
material

Surface 
preparation M SD p-value

Composite
sandblasting 9.22 5.32

0.400
laser 10.15 5.15

Amalgam
sandblasting 8.46 2.48

0.001*
laser 4.64 1.47

* statistically significant.

Table 3. Distribution and comparison of the mean shear bond strength [MPa] in the composite and amalgam groups with different bracket base designs

Restorative material Bracket base design M SD Min Max p-value

Composite

Star 8.82 2.10 8.03 9.60

0.001*Cross 15.63 3.18 14.44 16.82

Slot 4.61 2.30 3.74 5.47

Amalgam

Star 6.40 2.22 5.57 7.23

0.180Cross 7.28 3.82 5.85 8.71

Slot 5.97 1.85 5.28 6.66

* statistically significant.
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further studies are needed. Although a low bond strength is 
a disadvantage in the use of metal brackets, it can be a rela-
tive advantage when using ceramic brackets. One drawback 
of ceramic brackets is a high bond strength to the adhesives 
due to the chemical bond. As a result, the risk of damage 
to the enamel increases when the brackets are removed.20

According to the results of  this study, the mean shear 
bond strength value for the composite groups was 
9.68  MPa and 6.55  MPa for the amalgam groups, and 
there was a  significant difference between the 2  groups 
(p  <  0.05). In fact, a  lower bond strength was recorded 
on amalgam surfaces as compared to composite surfaces. 
The results obtained by Eslami Amirabadi et al. regard-
ing the bond strength of stainless steel brackets bonded to 
porcelain and amalgam with Transbond XT and Assure® 
Universal Bond Resin are consistent with the current 
finding; the authors reported lower bond strength values 
on amalgam surfaces than on porcelain.21

Ebert et al. investigated the shear bond strength of ce-
ramic and metal brackets bonded to composite, ceramic 
and amalgam restorative surfaces.22 The results showed 
that the shear bond strength of ceramic and metal brack-
ets to amalgam surfaces was significantly lower than in 
other groups.22

In recent studies, the bond strength values on amal-
gam surfaces were significantly lower than on the 
enamel.4–10 However, considering a  range of  5–8  MPa 

as the acceptable bond strength values in clinical condi-
tions,8 the reported bond strength range in the amalgam 
and composite groups was acceptable in all our study cases 
except for 3 groups: composite  +  sandblasting  +  Slot; 
amalgam + laser + Star; and amalgam + laser + Cross.

According to the results of the present study, the mean 
shear bond strength value in the case of surface prepa-
ration with sandblasting was 8.84 MPa and 7.40 MPa for 
the laser group, and there was a  significant difference 
between the 2 groups (p < 0.05). The mean shear bond 
strength values in the composite group with sandblast-
ing and laser surface preparation were 9.22  MPa and 
10.15  MPa, respectively, which showed no significant 
difference; both groups provided adequate and suffi-
cient bonds. The mean shear bond strength values in 
the amalgam group with sandblasting and laser surface 
preparation were 8.46 MPa and 4.64 MPa, respectively, 
which showed a  significant difference, and only sand-
blasting provided an  adequate and sufficient bond. 
Therefore, both in the composite and amalgam groups, 
sandblasting surface preparation provided a  sufficient 
and appropriate bond. The results of  the research by 
Sperber et al., who studied the effects of different amal-
gam surface preparation methods, are consistent with 
the current finding; they reported higher shear bond 
strength values when preparing amalgam surfaces 
through sandblasting.10

Table 4. The adhesive remnant index (ARI) scores in 12 groups

Group
Score 0 

n (%)
Score 1 

n (%)
Score 2 

n (%)
Score 3 

n (%)

Fracture incidence in  
the composite base  

n (%)
p-valuerestorative 

material
surface 

preparation
base  

design

Composite

sandblasting

Star 0 0 0
15 

(100.0)
0

<0.001*

Cross 0 0
7 

(46.7)
4 

(26.7)
4 

(26.7)

Slot 0 0 0
15 

(100.0)
0

laser

Star 0 0 0
13 

(86.7)
2 

(13.3)

Cross 0
7 

(46.7)
2 

(13.3)
2 

(13.3)
4 

(26.7)

Slot 0 0 0
15 

(100.0)
0

Amalgam

sandblasting

Star
9 

(60.0)
0 0

6 
(40.0)

0

Cross
15 

(100.0)
0 0 0 0

Slot
13 

(86.7)
2 

(13.3)
0 0 0

laser

Star
15 

(100.0)
0 0 0 0

Cross
15 

(100.0)
0 0 0 0

Slot
13 

(86.7)
2 

(13.3)
0 0 0

* statistically significant.



M. Shirazi, et al. Shear bond strength of brackets bonded to restorations198

A study by Espinar-Escalona et al. also confirms a higher 
shear bond strength for sandblasting surface prepara-
tion.23 Tayebi et al. evaluated different methods of com-
posite surface preparation with sandblasting and rough 
diamond milling.16 Their results showed that the brackets 
bonded to composite surfaces had a  higher shear bond 
strength in the sandblasted samples as compared to the 
surfaces prepared by means of a bur, although the differ-
ence was not statistically significant.16

Laser use in dentistry is currently increasing.24 Previous 
studies have shown that surface preparation with sand-
blasting is clinically acceptable and is recommended for 
bracket bonding on amalgam surfaces. In a similar study 
by Zaheer  et  al., the shear bond strength of  amalgam 
samples was reported to be 16.30  MPa with sandblast-
ing surface preparation and 10.04 MPa with diamond bur 
preparation.25 Machado et al. studied the effects of differ-
ent surface preparation methods, such as diamond bur 
or sandblasting, on amalgam samples that were packed 
inside composite cylinders.26 The sandblasted amal-
gam samples showed a higher bond strength than other 
groups.26 Another study was conducted to investigate 
the sandblasting and laser techniques for bonding metal 
brackets on amalgam surfaces.5 According to its results, 
sandblasting provided a higher bond strength in compari-
son with the control group, although there was no statisti-
cally significant difference.5

According to the results of this study, the average shear 
bond strength was 8.84  MPa for the Star base design, 
11.46 MPa for the Cross base design and 5.29 MPa for the 
Slot base design. Significant differences were observed 
when comparing the bond strength values in different 
groups of Star, Cross and Slot base designs.

The results obtained by Kukiattrakoon and Samruaj-
benjakul, who studied the shear bond strength of ceramic 
brackets with 3 base designs bonded to fluorapatite and 
aluminum ceramics, are consistent with the current find-
ing; the researchers showed that there was a  significant 
difference in shear bond strength for different bracket 
base designs.15

The results of Hudson et al.’s study are consistent with 
ours.27 According to the authors, the different base de-
signs of metal and ceramic brackets bonded to porcelain 
surfaces affected shear bond strength.27 Wang and Lu 
concluded that the bracket base design could be one of the 
factors influencing the shear bond strength of brackets.28

In the present study, in most of  the amalgam groups 
(88.8%), no adhesive remained on the restoration 
(ARI = 0) and in most of the composite groups (71.1%), all 
the adhesive remained on the restoration (ARI = 3). There 
was a significant difference in the ARI scores between the 
2 groups (p < 0.001). The 0 score indicates that the frac-
ture occurred at the adhesive–restoration interface, while 
the 3 score indicates that the fracture site was between the 
adhesive and the bracket base. The amount of the remain-
ing adhesive is estimated in various studies based on ARI. 

However, it is not possible to compare the results of dif-
ferent research in this field, as some studies have modified 
the ARI index and reported different results. Still, in most 
previous studies, the bond failure of the majority of sam-
ples was at the amalgam–adhesive interface (ARI = 0),29 
which is consistent with our results.

A study by Tayebi et al. also provided similar results.16 
The researchers showed that most composite samples 
had an  index of  2 and 3, and some had a  fracture in 
the composite base.16 This is due to the high strength 
of the bond between the adhesive and the prepared sur-
face of the composite, which prevents a fracture at the 
composite–adhesive interface and causes a fracture at the 
adhesive–bracket base.

In the current study, the comparison of the ARI scores 
between the 3 groups of base design, including Star, Cross 
and Slot, showed that in the composite groups, the Star 
and Slot base designs had the highest amount of  adhe-
sive remaining on the restoration surface after debond-
ing, and most cases of bond failure between the adhesive 
and the restoration occurred for the Cross base design. 
This base design causes more damage on the restoration 
surface than other designs. In the amalgam groups, the 
Cross base design showed more adhesive remnants on the 
restoration surface after debonding than other designs. 
In  accordance with the current study, it was stated in 
previous studies that the type of base design had a great 
impact on ARI.

In a  study by Ahangar Atashi  et  al., the comparison 
of the ARI scores between 2 groups with the anchor pylon 
base design and the mesh base design showed that in 20% 
of  the mesh base design samples, bond failure occurred 
at the adhesive–enamel interface, and they also indicated 
the highest amount of  adhesive remaining on the tooth 
surface after debonding.14 Bond failure between the adhe-
sive and the enamel occurred most frequently for the an-
chor pylon base design.14 This base design leads to more 
stress being transferred to the enamel during debonding 
and causes more damage to the enamel surface than the 
mesh base design.

In a study by Ansari et al., the ARI scores in 4 groups 
of ceramic brackets and 1 group of metal brackets bonded 
to the enamel surface with different base designs were 
investigated.13 The groups with different base designs 
showed significant differences in terms of ARI, which is 
consistent with the present study.

In the current study, the shear bond strength test was 
performed using the looped ligature wire method, which 
is different from the usual blade method. The force from 
the testing machine was transferred to the upper jaw and 
the bracket by forming a ligature wire and connecting one 
end of the wire to the upper jaw and the other end to the 
bracket. 

The crosshead speed in the current study was 
1 mm/min. A crosshead speed of 0.1–10 mm/min have 
been used for shear bond strength testing; however, 
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these values do not correspond to the values in the clini-
cal oral environment, because the speed of mastication is 
in range of 81–100 mm/s or 4,860–6,000 mm/min with 
a frequency of 1.03–12 Hz.30

Storage media in previous investigations were water or 
normal saline.4 The storage temperature was 37°C and the 
shelf life also varied from 24 h to 10 weeks. In the present 
study, the samples were stored in an incubator at 37°C and 
95% humidity for 1 week, and then subjected to 10,000 
thermal cycles for artificial aging. They were soaked in 
5°C cold water for 20  s and placed in 55°C warm water 
for 20 s in each cycle.10 This may be one of the reasons for 
differences in the results of various studies. Undoubtedly, 
simulating oral conditions will never be fully possible 
in vitro.

Conclusions
The results of  the study are limited by the laboratory 

conditions and further studies should be performed in 
a  clinical setting. Within the limitations of  this in vitro 
study, all surface treatment methods and different bracket 
base designs were able to provide sufficient shear bond 
strength on composite and amalgam surfaces. Consi-
dering bond strength in all groups, surface treatment by 
means of sandblasting is recommended in clinical prac-
tice due to its availability, lower cost and fewer injuries 
it causes while working. In terms of bracket base design, 
according to ARI and the bond strength values, the use 
of each of the 3 base designs in the amalgam group and 
the use of the Star base design in the composite group are 
suitable.
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