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ABSTRACT: ABSTRACT: ABSTRACT: ABSTRACT:  

Objective:Objective:Objective:Objective: The aim of this study was to compare the  
effect of three recycling methods – Tribochemical silica coating 
combined with silane, conventional sandblasting combined with 
silane, and heat application combined with silane – on the shear 
bond strength of rebonded ceramic bracket compared to newly 
bonded brackets. Materials and Methods:Materials and Methods:Materials and Methods:Materials and Methods: Sixty chemically 
retentive ceramic bracket (inspire ICE) were divided into four 
groups (15 in each group): Control new brackets (without silane), 
sandblasting using 50 µm aluminum oxide + silane, sandblasting 
using 30µm silica coated aluminum oxide (Tribochemical silica) 
and heat treatment + silane. All brackets were thermocycled 5000 
times between 5 ºC and 55ºC. Shear force was applied to the 
enamel-adhesive interface until debonding. Results:Results:Results:Results: The highest 
bond strength was found in the heat + silane group and the new 
control brackets (19.5 and 19.2 MPa, respectively) followed  
by the silica coated aluminum oxide + silane (11.8 MPa).  
Recycling using 50 µm aluminum oxide + silane resulted in 
significantly low bond strength (1.5 MPa). Conclusion:Conclusion:Conclusion:Conclusion: No 
significant difference in the SBS between heat treated group 
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followed by silane application and 30µm silica coated sandblasted 
group. Reconditioning with 30µm silica coated sandblast is  
a promising method as it is chair-side time-effective and show 
good comparable SBS to that of new brackets. 

INTRODUCTION 

Orthodontic treatment with fixed appliances requires fixing brackets 
on enamel surface to enable a force system to be applied to the teeth. 
Brackets provide these attachments to the teeth. Orthodontic Brackets 
withstand masticatory forces by the mean of bonding material that 
provides sufficient shear bond strength (SBS). Therefore, when a bracket 
is not bonded with high-quality materials, masticatory forces exceed the 
norm or due to possible errors during bracket bonding, the bracket may 
dislodge or break during the treatment. Bracket debonding is a problem 
facing every orthodontist as the bond failures affect treatment efficiency, 
have economic impact and delaying of treatment.  

Development of Orthodontic brackets also has an effect on bond 

strength and bonding procedures. Esthetics play an important role in the 

development of brackets, the expectation of beautiful smiles at the end of 

orthodontic treatment is a primary concern to each patient, who is also 

concerned about appearance while undergoing treatment. Many attempts 

have been made by manufacturers to meet this demand. This includes: 

reducing the size of metal brackets, developing lingual technique or 

introducing plastic brackets, aligners and introducing translucent ceramic 

brackets. Plastic brackets were marketed as an esthetic alternative to 

metal brackets. These polycarbonate brackets quickly lost favor because 

of discoloration and slot distortion caused by water absorption.1-4This led 

manufacturers to modify the plastic brackets by reinforcing the slots with 

metal and ceramic fillers5. Despite these alterations, the clinical problems 

like distortion and discoloration persisted. 
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 In the mid-1980s, the first brackets made of monocrystalline 
sapphire and polycrystalline ceramic materials came into the field of 
orthodontics. Aluminum oxide, the main component of the ceramic 
brackets, is an inert material; it cannot chemically adhere directly to any 
of the currently available bonding resins. For this reason, two different 
basic mechanisms were developed by which ceramic brackets could be 
attached to the adhesive. The first mechanism with the earlier ceramic 
brackets was the chemical form of retention. The bases of these ceramic 
brackets were coated with silane to obtain a chemical bond between the 
bracket and the adhesive. Increased bond strength with ceramic brackets 
resulted in bond failure at the enamel-adhesive interface, rather than at 
the bracket-adhesive interface causing enamel fractures when debonding 
these brackets.6,7 The second mechanism in an effort to prevent enamel 
fracture while debonding, a new generation of ceramic brackets that get 
their retention from mechanical undercuts was produced, which have 
significantly less bond strength than chemically retentive ceramic 
brackets.8,9 Finally, there are nowadays three different retention 
mechanisms by which ceramic brackets can be attached to the bonding 
agent, chemical retention using silane, mechanical retention, and  
a combination of both methods. 

Bracket failure is an event that orthodontists face frequently during 

orthodontic treatment. Bracket failures have many reasons; it may be due 

to poor bonding technique including improper cleaning of enamel surface 

before bonding, failure to control saliva during bonding procedures, 

improper etching time either short etching time or long etching time, 

using a thick film of sealant that interferes with bracket base positioning 

and improper positioning, seating of bracket and removal of excess. 

Other reasons of bracket failure may be due to the patient high 

masticatory forces, bad habits producing heavy forces on the bracket.  

A simple chair-side method was described by Lew and Djeng10in 1990, 

their technique was to remove any composite resin remaining on the 

chemically retentive ceramic bracket base using mini-Torch. The mean 
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bond strength of the recycled ceramic brackets with this method was 40% 

to 50% lower than that of the new brackets, although it is within 

clinically acceptable limits.10,11 

To improve the adhesion to porcelain restorations or dental devices, 
specific surface-conditioning methods have been developed. Hydrofluoric 
acid etching roughens the porcelain surface, providing a retentive surface 
for better bonding; this procedure is recommended as the standard when 
bonding a bracket to a porcelain surface.12 However, using hydrofluoric 
acid as a ceramic bracket-base conditioner resulted in significant 
reduction in bond strength (0.7-1.6 MPa) and therefore cannot be 
recommended for clinical use.13,14 

Another conditioning method is the airborne particle abrasion; this 
has been reported to create microretentive surfaces in metals and other 
dental materials whenever needed.15Although initially reintroduced as a 
method to roughen the surface of many dental materials before 
cementation to enhance bond strength.16,17 More recently air abrasion is 
being used in orthodontics to roughen the internal surfaces of bands, 
bracket bases and enamel surface. Sandblasting of dental restorations is 
often used to clean the surfaces of materials and to achieve fine, 
roughened surface topography and increased surface area.18-22 

Sandblasting the debonded ceramic bracket bases before rebonding 
has been studied as a surface-treatment technique and resulted in a lower 
SBS than new brackets.14 

Application of silane after sandblasting for improving the SBS was 
studied by many authors, controversy found in literature as silane was 
reported to decrease SBS23, also reported to increase in the SBS24,25 and 
reported that it had no effect on SBS14 

Another abrasive system is the silica coated aluminum oxide 
(Tribochemical silica) that provides not only a mechanical way of 
retention but also chemical retention used by few authors reported its 
superiority on the conventional sandblast (Aluminum oxide)23,26,27. Our 
hypothesis was that there was no difference in the SBS between rebonded 
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ceramic brackets using 30 µm tribochemical silica sandblasting, 
conventional 50µm sandblasting and heat application all combined with 
silane for recycling. Therefore the aim of this study was to compare  
the effect of three recycling methods – Tribochemical silica coating 
combined with silane, conventional sandblasting combined with silane 
and heat application combined with silane – on the shear bond strength of 
rebonded ceramic bracket compared to newly bonded brackets. 

MATERIAL AND METHODS 

Using a power of 80 % to detect a clinically significant difference in 
the SBS of rebonded ceramic bracket = 2.9 MPa with standard deviation 
in heat group = 3.7 while in silica coated aluminum oxide group = 3.8. 
The minimal total required sample size was calculated to be 56 to be 
divided on the studied groups. The sample size was calculated using 
G.Power software.28Sixty extracted human premolar teeth were used to 
address the study aim. They were collected in distilled deionized water. 
The inclusion criteria for tooth selection were: intact buccal enamel,  
no previous treatment with any chemical agent, no caries and no  
hypo-calcification. 

Mechanically retentive ceramic brackets (Inspire ICE) were used in this 
study where the debonded bracket was obtained by bonding the bracket with 
composite resin on an unetched wet enamel surface. The brackets were  
light-cured for 20 seconds. The bonded brackets were then separated from the 
tooth surface easily using a tweezer with light pressure. 

All teeth were cleaned from soft tissue, and the buccal surface of 
each tooth was polished with a nonfluoridated pumice slurry and rubber 
prophylactic cups for 10 seconds. All Brackets were bonded to a virgin 
enamel surface (without previous bonding). Teeth were divided randomly 
in to four groups to be bonded to the ceramic brackets: Control group 
(new brackets without silane application), recycled brackets using 50µm 
aluminum oxide particles + silane, recycled bracket using 30µm silica  
coated aluminum oxide particles + silane and lastly recycled brackets 
using heat + silane. 
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Sandblasting with both 50µm aluminum oxide particles and 30µm 

silica coated aluminum oxide particles was done vertically from  

a distance of 10 mm using an intraoral sandblaster filled with either 

abrasive particle. Both procedures persisted until the bonding resin was 

totally removed from the bracket base and became no longer visible to 

the naked eye, then checked under a stereo microscope at a 10x 

magnification. Heat application was performed by placing the brackets in 

a furnace with a preadjusted temperature at 450 Cº for 1 hour for burning 

the remaining composite on the bracket, and then the brackets were put in 

an ultrasonic bath with alcohol for cleaning any remaining composite.  

The buccal enamel surfaces were etched with 37% phosphoric acid 

gel for 30 seconds, thoroughly rinsed in water and dried for 20 seconds. 

Ortho Solo Sealant was applied to the etched area, light cured for 10 

seconds. After that the silane was applied to the conditioned bracket base 

and allowed to dry for 3 minutes. Next, the brackets were bonded using 

blugloo composite resin & placed on the tooth surfaces by using a bracket 

holder under manual control. The excess resin was carefully removed 

from around the bracket base, and the adhesive resin was light cured  

for 40 seconds. 

The bonded teeth were stored in distilled deionized water  
for 24 hours at room temperature. Then they were thermocycled  
5000 times between 5°C ± 2°C and 55°C ± 2°C with a transfer time of  
5 seconds and a dwell time of 20 seconds in each bath. 

After thermocycling they were embedded in resin using previously 

milled brass block for that purpose, with a diameter that is slightly less 

than the testing machine holding ring, where the block was inserted to 

avoid any discrepancy in size due to resin setting. Each tooth was 

mounted in self-cure acrylic resin using the milled brass block with the 

use of the surveyor to precisely insert all the specimens in the  
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acrylic resin in an upright position to the cemento-enamel junction.  

A 0.021x0.025 stainless steel wire soldered in a cross shape with the long 

arm fixed in the surveyor and the short arm used to ligate the bracket 

bonded on the tooth to accurately insert all the teeth in the same position. 

The SBS testing was performed using a universal testing machine 

where each specimen was fixed on a holding ring positioned in the lower 

table of the universal testing machine. A chisel was secured to the upper 

table & applied perpendicularly between the bracket base and the tooth 

with a crosshead speed of 0.5 mm per minute to shear the bracket off the 

tooth surface. The force required to debond each bracket was recorded in 

Kilograms on a monitor attached to the machine, and converted to 

megapascals (MPa) by dividing by the bracket base surface area which 

was calculated by measuring the length and width of the bracket by 

Boley caliper gauge and was found to be 10.5 mm2.29,30 A scanning 

electron microscope (SEM) examination was also done on representative 

samples from all groups. 

The SBS value of each group was collected and tabulated. 

Descriptive  statistics  including  the mean,  standard  deviation, 

minimum,  and  maximum  were  calculated,  and the  data  was  

statistically analyzed  by  one-way  analysis  of  variance  (ANOVA) and 

Bonferroni post hoc tests (α = 0.05). 

RESULTS 

The descriptive statistics for the 4 groups are presented in Table I 

and figure 1 showed that the SBS for the control new bracket was  

(19.2 ± 9.8 MPa) while the SBS for the recycled group was:  

(19.5 ± 11.1 MPa) for the heat group, (11.8 ± 10.7 MPa) for the 30µm 

silica coated aluminum oxide group and (1.5 ± 1.7 MPa) for the 50µm 

sandblasting group. 
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Comparing the SBS of the control new bracket to the recycled 
groups revealed the heat treated group showed higher SBS than the 
control group. While, the silica group showed lower mean SBS than 
control group but still clinically applicable. While, 50µm sandblasting 
group showed lower mean SBS that is not clinically accepted. 

Table I. Descriptive statistics and the results of the ANOVA comparing the SBSs of  
the 4 groups 

Groups  N Mean SBS 

(MPa) 

SD Min. Max. 

50 µm sandblasting 15 1.5339 1.79882 .00 6.82 

30 µm Sandblasting 15 11.8339 10.76026 0.43 46.10 

Heat 15 19.5489 11.10183 4.94 40.73 

Control 15 19.2023 9.85819 7.24 39.11 
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Fig 1. Histogram showing the mean SBS of all groups 
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Statistical analysis using ANOVA test shown in table II revealed that 

there was significant difference in the SBS between the four groups used 

(F value = 12.619 and P value = 0.000). Statistical analysis among the 

tested groups using Post Hoc test shown in table II showed a statistically 

significant difference (P≤ .05) between: 1) heat group and 50 µm 

sandblasting group and 2) control group and 50 µm sandblasting group, 

3) Silica coated group (30 µm) and 50 µm sandblasting group. There was 

no significant difference between: 1) Silica coated group (30 µm) and 

control group, 2) Silica coated group (30 µm) and heat group. 

 

Table II. Bonferroni post hoc tests for all groups 

(I)Surface Cleaning (J) Surface Cleaning Mean 

Difference 

Significance 

50 µm Sandblasting 30  µm Blasting 

Heat Burn 

Control 

-10.29994* 

-18.01496* 

-17.66841* 

.020 

.000 

.000 

30 µm Sandblasting Heat burn 

Control 

50µm Blasting 

-7.71501 

-7.36846 

10.29994* 

.154 

.196 

.020 

Heat 30µm blasting 

Control 

50 µm Blasting 

7.71501 

.34655 

18.01496* 

.154 

1.000 

.000 

Control 30  µm Blasting 

Heat Burn 

50 µm Blasting 

7.36846 

-.34655 

17.66841* 

.196 

1.000 

.000 

* Significant difference  P≤0.05 

 



                                                                                                       Egyptian               
Orthodontic Journal 

 

 
 
 

44 Volume 47 – June 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. SEM views of representative samples of bracket bases: A and B new Inspire 
bracket showing the ball pattern mean of retention (50 and 1000 times  
magnification); C and D, 50 µm aluminum oxide particles (50 and 1000 times 
magnifications, respectively); E and F, 30 µm silica coated (50 and 1000 times 
magnifications, respectively); G and H heat treatment (50 and 1000 times  
magnifications, respectively). 
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Removal of the excess of adhesive material with either abrasive 
technique; aluminum oxide or silica coated aluminum oxide takes 
approximately 30 seconds to remove all the visible adhesives on the 
bracket base. It could be observed with the naked eye that the bracket 
base changed after the sandblasting or silica coating processes, where 
both techniques generated smooth bracket-base surfaces, when compared 
with the original ball-base surface of the new bracket. While the heat 
treated group showed the same pattern like the original bracket supplied 
by manufacturer as shown in figure 2. 

However, (SEM) visualizations under higher magnification (1000 X) 
showed differences between the two abrasive systems on the bracket-base 
surfaces. The silica-coating procedure created superficial irregularities 
and shallow erosions on the bracket-base surface. Whereas, sandblasting 
created slightly more prominent irregularities and deeper erosions. While 
the heat treated group was the only group the original pattern supplied by 
manufacturer as shown in figure 2. 

DISCUSSION 

Ceramic brackets are gaining popularity among patients because 
large numbers of patients are seeking more esthetic orthodontic 
treatment. However, replacing a failed bracket with new a one is 
expensive so recycling provides a benefit of reducing cost. This study 
was carried out to determine the bond strengths of rebonded mechanically 
retentive ceramic brackets using various recycling procedures. 

Longevity of brackets is predicted to some extent by its adhesive 
ability and adhesive bond strength can be measured by bond strength 
testing. An ideal bond strength test should be accurate, clinically reliable, 
and less technique-sensitive. A lot of variables influence the test outcome, 
they are categorized into substrate-related factors, factors related to specimen 
properties, preparation of specimens, and test methodology.31In this study 
we tried to minimize variables as much as possible. Due to the inadequate 
availability of human teeth, animal teeth were used in many in- 
vitro studies.32-34Controversy in literature was found concerning the SBS of 
bovine teeth and its similarity to human teeth. In this study, human extracted 
tooth were used to avoid any variability in our results.  
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Several types of storage media were used in literature for testing the  
bond strength such as: Distilled water, saline, 0.05% saturated solution of 
thymol, 0.5% chloramine-T, 2% gluteraldehyde, and 10% formalin 
solutions.35,36Storage in sodium hypochlorite (NaOCl) resulted in lower 
bond strengths, while sterilization with the autoclave negatively affected 
the bond strength. Storage in 10% formalin resulted in varied bond 
strengths.37,38According to the ISO technical specification 11405, bond 
strengths should be measured immediately post-extraction but not more 
than six months.39 In this study, all specimens were stored in distilled 
water and the bond strength measurement was performed at three month 
post-extraction to the maximum. 

All specimens were thermocycled for 5000 times between 5°C ± 2°C 
and 55°C ± 2°C with a transfer time of 5 seconds and a dwell time of 20 
seconds in each bath to simulate the same condition of the oral cavity. 
The bonding procedures were carried out by the same operator to 
minimize technique inconsistencies. 

Different cross-head speeds may influence the SBS.40SBS using 
crosshead speeds of 0.50 mm/min and 0.75 mm/min should be preferred 
due to their better cohesive versus adhesive results.41 In this study, the 
testing machine was turned on at a crosshead speed of 0.5 mm per minute 
to shear the bracket off the tooth surface. 

Inspire ICE brackets used in this study are monocrystalline sapphire 
translucent true twin brackets, made by Boron carbide tumbling process 
and ultra-smooth heat polished surface, with a mechanical ball base 
design for mechanical retention.42It is obtained from Zr2O (zirconium 
oxide) yttrium stabilized. On the bracket base surface, big rounded micro-
retentions of 30 µm diameter agglutinated in-between can be seen.43The 
balls and the spaces between them provide space for the adhesive to 
achieve adequate bonding. These ball shaped structures get lost by the 
recycling method in this study except for the heating method which 
preserved the manufacturer supplied pattern as shown in figure 2. The 
relative bracket base surface area was recorded using a simple method 
which was: measuring the length and width of the bracket by 
Boley caliper gauge neglecting the curvature of the bracket base as it was 
decided to have a negligible effect on the whole result. 
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 Using 50 µm aluminum oxide particles for removal of the remaining 
adhesive on the bracket surface resulted in a smooth bracket base surface 
and complete destruction of the bracket base pattern supplied by the 
manufacturer. This method does not take much more than 30 seconds to 
remove all visible adhesives on the bracket base. SEM examination 
showed superficial irregularities on the ceramic bracket-base surface as 
shown in figure (2), but a significantly low SBS (1.5±1.7 MPa) compared 
to all groups of recycling in this study. Similar results were reported by 
Chung et al14 and Atsü et al27, while clinically acceptable results were 
reported by Toroglu and Yaylali 26 and Frank et al24. 

Using 30 µm silica coated aluminum oxide abrasive particles 
resulted in a visible smooth surface of the bracket base and destruction of 
the manufacturer supplied pattern. Removal of the adhesives from the 
bracket base took about 30 seconds.  SEM visualization of bracket base 
showed less prominent irregularities than done by the 50 µm aluminum 
oxide group fig (11), but the mean SBS for this group (11.8±10.7 MPa) 
showed a significantly high value compared to the 50 µm sandblasting 
group (1.5±1.7 MPa). Our results agreed with literature in that 
tribochemical silica abrasive system produced a clinically acceptable 
SBS. The different types of brackets, adhesive materials, operator’s 
technique and the calculated bracket base surface area may be reasons for 
the difference in the mean SBS for the brackets treated with 30µm silica 
coated aluminum oxide abrasive particles than our results. 

Using heat for recycling was the only method that maintained the 
original design of the bracket base irregularities supplied by the 
manufacturer. Eye visualization and SEM examination confirmed these 
results as shown in figure 2. This group showed high mean SBS  
(19.2 ± 9.8 MPa) and a statistically significant difference compared to the 
50 µm sandblasting group. 

Our results agreed with the other studies in that using heat for 
recycling results in acceptable SBS. But on the contrary the original 
method showed by Lew and Djeng reported11 a decrease in the SBS by  
40 – 50 %, while in our study the results showed a mean SBS higher than 
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the control new bracket. Moreover, Gaffey et al13 concluded that 
silanated heat treated brackets showed lower SBS than silanated with no 
heat treatment, despite acceptable SBS, which means that heat treatment 
decreases the mean SBS. One difference between the previous two 
studies and our study is that the brackets used in both studies were 
chemically retentive, While our study was conducted on mechanically 
retentive ceramic brackets which may have an influence on the results. 

Silva EA44reported that the heat treatment by air flux at 100ºC for 60 s 
following treatment with 30µm silica coated aluminum oxide increased 
the SBS more than using 30µm silica coated aluminum oxide alone. 

No apparent enamel damage was visible in any of the specimens in 
this study but that does not mean that it is not possible during debonding. 

Replacing failed ceramic brackets with a new one is believed to be 
costly, so recycling is one of the methods to reduce the cost of the 
orthodontic treatment without decreasing SBS to a significant low value. 
Also along this study the time taken to remove all visible adhesive from 
the bracket base surface using both abrasive treatments was about 30 
seconds and that was not a waste of time. On the other hand heat 
treatment method is effective but inapplicable as it need special 
equipment and more time. Finally clinicians must put in consideration the 
cost of recycling including the equipment’s cost like: the micro-etcher, 
sandblasting powder for the abrasive treatment, furnace and ultrasonic 
bath for the heat treatment, in addition to the time required for recycling. 

Perhaps for some clinicians it is worthy to replace the failed bracket 
with new one, but recycling with 30 µm silica coated aluminum oxide 
abrasives is a chair-side time-effective promising method with SBS 
comparable to that of new brackets. 

CONCLUSIONS 

1. Reconditioning the mechanically retentive bracket with heat then followed 
by silane application resulted in a high SBS but it is time consuming. 

2. No significant difference in the SBS between heat treated group followed by 
silane application and 30µm silica coated sandblasted group. 
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3. Reconditioning by the application of 50µm aluminum oxide particles 
followed by silane application resulted in a significantly low SBS compared 
to all other groups. 

4. Reconditioning with 30µm silica coated sandblast is a promising method as 
it is chair-side time-effective and show good and comparable SBS to that of 
new brackets. 
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