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ABSTRACT 

 

Objective: To evaluate the effect of three different enamel roughening method on the bond strength of metal 

brackets bonded to enamel surfaces with light-cured composite resin, and also to determine less harmful the 

roughening method on the enamel by SEM and photographic methods.  

Methods: Forty two metal brackets and newly extracted premolar teeth were divided into three groups (n=14 

for each group). The specimens were randomly assigned to one of the following rough conditions of the teeth 

surfaces: Roughening with (Group 1) conventional 37% orthophosphoric acid, (Group 2) 18% HCL and 

pumice (microabrasion) and (Group 3) sandblasting with 50 µ alumina particles. The all surfaces were 

photographically examined and additional two teeth surfaces in each group were examined for SEM. Brackets 

were bonded to the enamel surface on the premolars with a light-polymerized resin composite. All specimens 

were stored in water for 1 week at 37
0
C and then thermocycled. The shear bond strength values were measured 

on a universal testing machine. P values less than or equal to .05 were considered statistically significant. 

Results: The specimens in Group 1 and 2 had significantly greater bond strength values. There were no 

statistically differences between the groups. However Group 3 showed relatively low values (7.79 ± 5.94 MPa) 

than the control group (P<.001). Enamel roughening method by 18% HCL and pumice gave clinically the 

finest enamel surface.  

Conclusions: Microabrasion of the teeth with 18% HCL and pumice can be alternative tooth roughening 

method for bonding of brackets to enamel. After microabasion, occurred fine polished surfaces on the enamel 

give an easiness dental plaque control during orthodontic treatment.   
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INTRODUCTION 

Bond strength of brackets has a direct impact on the success of orthodontic treatment. This 

strength is produced with a mechanical bond between microporosity of bracket base and tooth 

surface. A number of techniques have been reported about surface roughness method. But 

literature survey identified very few studies that examine surface roughness method protocols 

whether have maximum bond strength which is enough to prevent failure, and the damage to the 

enamel or minimum damage to the tooth surface. 

A number of techniques have been reported to increase bond strength of brackets (1, 2).  The 

etching technique that uses 37% phosphoric acid is the most common among these applications.  

The enamel must be etched for 15-30 seconds with 37% phosphoric acid. But acid etching time 

could be reduced to 15 seconds for younger permanent teeth is recommended (3, 4). Acid 

etching that uses phosphoric acid results in good bond strength but an enamel loss ranging from 

3 to 10 µm (5, 6).
 
 Maleic and polyacrylic acids may be used instead of phosphoric acid in order 

to decline the enamel loss (7). 

Another suggested approach for surface roughening is macroetching with aluminum oxide 

particles using an intraoral sandblaster (8).
 
  It has been indicated that a better bond system with 

less enamel loss is obtained by the air-abrasive technique which uses of a high-speed stream of 

aluminum oxide particles (9). Satisfactory bond strength is obtained with sandblasting, but in 

case of prolonged application time, material loss from the enamel surface and surface roughness 

might be increased with no increase in bond strength (10-13). 

Hydrochloric acid (HCL) especially used for the treatment of the white spot lesions that occur 

after orthodontic treatment and  microabrasion technique with pumice can be used for enamel 

preparation before orthodontic bonding. In our previous study (14), a mixture of %18 HCL and 
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pumice (an abrasive) which were used to remove of the white spot lesions. Macroscopic 

evaluation has been shown that superfine polished, smooth and luster enamel surfaces were 

achieved after this procedure. Croll and Cavanaugh (9, 15) and Bishara (16) applied the mixture 

of %18 HCL and pumice to enamel surfaces by a wooden spatula. They remarked that this 

procedure didn’t damage the enamel surface. At the microscopic level the procedure generate 

surface roughness on the enamel (14).  

The purpose of this investigation is to compare using three  methods  of  enamel  preparation  

before orthodontic bonding that are currently in use and to determine that which method 

produces higher bond strength and minimal risk of iatrogenic damage to the enamel surface. 

 

 

MATERIALS AND METHODS 

Forty two extracted human premolars without caries were collected and stored in 0.9% saline 

solution (Biofarma, Turkey). Three groups were constituted and each group contained 14 (plus 2 

for SEM examination) specimens which selected at random. In group 1 that served as control 

group, the enamel surfaces were etched with 37 % orthophosphoric acid gel (Prime Dent, USA) 

for 40 seconds, then rinsed with waterspray for 30 seconds, and air-dried 15 seconds. 

The teeth in group II were cleaned with 18% HCL (Altan Chemistry, Kirikkale, Turkey) and 

pumice mixture (microabrasion) by micromotor for 15 seconds (14), then rinsed for 30 seconds, 

and air-dried for 15 seconds. In this way, it was seen chalky image on the enamel that is surface 

roughness was observed to allow bracket bonding. 
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The teeth in group III are abraded with 50 µ aluminum oxide (Al203) for 2-3 seconds by a 

microetcher in a macro cab (Danville Engineering Inc, USA), then compressed air was applied 

for 15 seconds to the teeth for remove sandblasting powder. 

 

Photographic Investigation of Surface Appearance 

To evaluate the teeth surface after sandblasting, all specimens were pressed into a mold to be 

fitted the standard distance from the camera, in order to examine the appearance of the surface. 

Using a standard digital camera (Nikon D 200 Nikon corp, Japan) with macrolens (105 mm, 

Nikon corp, Japan ), the standard vestibular surface images with standard distance and 300 

pixels/cm resolution images of samples from all groups were obtained (Figure 1). All images of 

the tooth surface by giving points from 1 to 5 were scored in accordance with the untreated 

surface appearance of a tooth surface for tooth surface flatness and smoothness (9, 14), (Table 1). 

Scoring was made by only one investigator by FB. Wilcoxon Signed Ranks test was used for the 

evaluation of differences between the groups. 

 

Investigation of the View Surface with SEM 

Two teeth from all groups were investigated with Scanning Electron Microscope (SEM, JSM-

5600, JEOL Ltd., Tokyo, Japan) for comparing with each other.  

Silverstone et al. (17) and Galil and Wright (18) remarked that 5 different roughness models 

were occurred after roughening of teeth surfaces. 

Type 1: The occurrence of a honeycomb appearance with the disintegration of the enamel prisms 

from the center. 

Type 2: Cobblestone appearance of the enamel prisms formed by dissolving the periphery. 
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Type 3: A mixture of type 1 and 2. 

Type 4: Appearance of the enamel with the pit surfaces that resemble to the incomplete puzzle  

Type 5: Smooth surface. 

In our study, investigation of tooth surfaces by SEM study was based on these five criteria 

(Figure 2). 

Investigation Bond Strength of Roughness Methods 

42 premolar brackets (Generous-Roth, stainless steel, GAC International, Bohemia, NY) were 

bonded to sample teeth with light-curing bonding agent (Light Bond, Reliance Orthodontic 

Products, Ithaca, III) as prescribed in the literature. All specimens were thermocycled for 5000 

cycles between 5 and 55°C using a dwell time of 30 seconds after stored in distilled water at 

37°C for 1 week. Shear bond strength of each specimen was measured with an universal testing 

machine (Lloyd-LRX; Lloyd Instruments, Fareham, UK). Descriptive statistics were made for 

each group. In addition, ANOVA was used to determine differences between groups and 

intergroups. P value less than .05 was considered statistically significant ones. 

 

RESULTS 

Investigation of Tooth Surfaces 

The scores in each group after the photographic examination are shown in Table 2. In all groups 

“Microabrasion” has given the best views in terms of tooth surface flatness and smoothness 

(Figure 1, Table 2).  

In the SEM examination with X500 (a) and X2000 (b) magnification, it is observed that the 

nearest appearance to the original enamel surface is seen on the group II which are applied 

"microabrasion" roughening method (Figures 2 a,b).  
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Type 4 roughening model characterized by recesses is observed on the tooth surfaces which 

applied traditional roughening method with using orthophosphoric acid (Figures 3 a,b).  The 

more uniform tooth surface is obtained with microabrasion roughening method and Type 5 

roughening model have occurred (Figures 4 a,b). After sandblasting with using microetcher, 

tooth surfaces show irregular structures which are not match in the all roughening models 

(Figures 5 a,b).  

Investigation of Bond Strength 

Bond strengths along the standard deviation of each group are shown in Table 3. Roughening 

with phosphoric acid and microabrasion groups showed largest bond strength values (Group 1: 

14.74 ± 6.95 MPa; Group 2: 11.43±7.66 MPa). There was no statistically significant difference 

between the two groups. However, the sandblasting group (Group 3) had lower value than the 

values of the control group (7.79±5.94 MPa), (P<.001), (Table 3). 

 

DISCUSSION 

Roughening with 37% phosphoric acid of enamel is a traditional method and is called 

"microetching". Also cleaning of the enamel surface with 18% HCL and pumice is called 

"microabrasion". In a similar manner, roughening by sandblasting is known as the 

"macroetching" (10). Macroscopically sufficient roughening in the enamel surface can be 

achieved in all three methods. Gelgor and Buyukyilmaz (14)
 
reported that a polished surface 

which reduces microbial dental plaque retention was obtained at the end of the process of 

cleaning the enamel surface with 18% HCL and pumice. In our study has been found that the 

best view of the tooth surfaces can be achieved with microabrasion technique in the macroscopic 

evaluation (Figure 1). Researchers (10, 19)
  

reported that the tooth surfaces which were 
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roughened with sandblasting were created smooth surfaces look like natural tooth surfaces after 

when were cleaned with tire rubber and pumice. Gerbo et al. (11)
 
found that when the enamel 

was cleansed using rubber cup and pumice or the air powder polisher for enemal preparation, 

there was no prominent difference in placement of orthodontic brackets. In our research, 

macroscopic appearance of the tooth surfaces which occurred after roughening by sandblasting 

are better than orthophosphoric acid group, however worse than microabrasion group (Table 1). 

These findings are supported by SEM images (Figures 2-5). Especially highly irregular tooth 

surfaces were seen in group 3 (Figure 5).  

To achieve the clinically adequate bonding, bond strength between enamel and metal brackets 

should be 6-8 MPa (20-22).  In our study, the mean bond strength of all our groups were found to 

be clinically adequate (>7MPa). These findings also suggest that the three methods may be used 

for bonding of the metal brackets to enamel. However van Waveren Hogervorst et al. (7) 

reported that could be obtained the adequate surface roughness, but not enough bond force with 

the sandblaster with aluminum oxide (50 μm).  Buyukyilmaz and Zachrisson (12) indicated that 

surface preparation should be done with sandblasting to increase the bond strength especially to 

amalgam, gold and porcelain. Canay et al. (13)
 
reported that when enemal was sandblasted with 

50 µ aluminumoxide by a microetcher followed by acid etched with 37% phosphoric acid, the 

highest tensile strength was obtained. But bond strengths obtained with sandblasting with a 

microetcher alone are not sufficient. 

Similarly, this study showed the bond strength values in Groups 1 and 2 were significantly 

higher than those of sandblasting group. The reason may be that the surface formed by 

sandblasting for bonding could be narrower than the enamel surface prepared by etching (13).
 

The biggest drawback of the roughening by sandblasting is the lack of enough practice of the 
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clinical applicability. If the roughening will be applied in the oral environment, the strong 

aspirator and rubber dam is needed to prevent of the sandblasting material spreading. Otherwise, 

the scattered sandblasting materials can irritate the cheek mucosa and cause pollution in the 

practice environment. 

Prior to roughening with traditionally 37% phosphoric acid, teeth cleaning with pumice is 

recommended especially when the tooth surface is discolored with external factors and is 

covered with debris. In this way, the tooth surface contact area will be increased and more 

roughening surface will be emerged by acid etching. In this study, the tooth cleaning with18% 

HCL and pumice and acid etching of the tooth surface has applied in the same visit by means of 

micro abrasion. The chair time for patients in group 2 has been noticeably decreased before 

orthodontic bonding.  A polished and plaque free enamel surface has come forward (Fig 6). 

 

CONCLUSION 

In this study, it is determined through both of the photographic and SEM images that 

microabrasion method gave the closest results with the appearance of the original tooth surface. 

Because of the bond strength values that were obtained with the microabrasion method by 18% 

HCL and pumice, were close by conventional 37% phosphoric acid method, can be an alternative 

roughening method before orthodontic bonding. Fine polished enamel surface that was occurred 

after the microabrasion, can provide the convenience of dental plaque control during the 

orthodontic treatment. 
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Table 1: Photographic investigation of surface appearance of enamel 

after the preparation. 

  Group I Group II Group III 

Specimens 

37% 

Orthophosphoric 

acid gel  

18% HCL and 

pumice mixture  

50 µ 

aluminum 

oxide 

1 3 1 3 

2 4 2 2 

3 3 1 3 

4 2 1 2 

5 4 2 2 

6 4 1 3 

7 3 1 3 

8 3 2 3 

9 4 1 2 

10 2 1 3 

11 3 2 2 

12 3 1 2 

13 4 1 3 

14 3 1 3 

Mean 3,2 1,3 2,6 

     Roughening models of teeth surfaces 

1 2 3 4 5 

very good  good moderate bad very bad 
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Groups N Mean Standard Deviation P 

Group I (37% Orthophosphoric acid gel ) 14 3,20 0,79 NS 

Group II (18% HCL and pumice mixture ) 14 1,30 0,48 NS 

Group III (50 µ aluminum oxide) 14 2,60 0,52 NS 

Total 42 2,37 0,60 

 

NS: No significant 

 

 

     

 

 

Table 3: ANOVA results of differences between groups for bond strength. 

 

Groups N Mean 

Standard 

Deviation P 

Group I (37% 

Orthophosphoric acid gel ) 

14 14.74 6,95 NS 

Group II (18% HCL and 

pumice mixture ) 

14 11,43 7,66 NS 

Group III (50 µ aluminum 

oxide) 

14 7,79 5,94 0,001 
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Figure 1: The photographic examination of the teeth before and after three different enamel 

preparation methods.   

 

Total 42 11,21 7,23 NS 

NS: No significant 
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Fig.2: Comparison enamel surfaces with no treated and the microabrasion at SEM (a:X500 and 

b:X2000 magnifications). 

 

 

 

Fig.3: SEM examination at X500 (a) and X2000 (b) magnification of enamel surface the 

orthophosphoric acid applied. 
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Fig.4: SEM examination at X500 (a) and X2000 (b) magnification of enamel surface the 

microabrasion applied. 

 

 

 

Fig.5: SEM examination at X500 (a) and X2000 (b) magnification of enamel surface the 

macroetching applied. 
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Fig.6: A polished and without retention surface appearance of the enamel to be cleaned with 18% 

HCL and pumice mixture. 
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