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ABSTRACT

Aim: To evaluate the effect of different stain removal protocols 
with or without topical fluoride application on the bond strength 
of orthodontic brackets to enamel.

Materials and methods: Eighty extracted premolars were ran-
domly assigned into four groups according to the stain removal 
protocol. The stain removal protocols were (1) using rubber 
cup with prophylaxis paste in (G1, n = 20), (2) air-abrasion with 
prophy-jet polishing system (G2, n = 20), (3) micro-abrasion 
with opalusture polishing paste (G3, n = 20), and (4) macro-
abrasion with ultrafine diamond finishing tips (G4, n = 20). Ten 
teeth in each group (SG1, n = 10) had no topical fluoride treat-
ment after stain removal protocol, while the rest (SG2, n = 10) 
were subjected to topical fluoride application. After bonding the 
orthodontic brackets, all specimens were thermocycled before 
testing their bracket–enamel bond strength. The debonded 
bracket and enamel surfaces of each specimen were also 
assessed to determine the adhesive remnant index (ARI) for 
each subgroup.

Results: Specimens in G2, G3, and G4 recorded lower shear 
bond strength as compared with G1 (p < 0.05). For all groups, 
specimens in SG2 demonstrated lower bond strength than their 
counterpart in SG1 (p < 0.05). No significant differences were 
detected between the ARIs of different subgroups (p > 0.05).

Conclusion: Bonding orthodontic brackets is affected by the 
protocol of removing enamel stains. The use of the rubber cup 
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with prophylaxis paste provided the highest bracket–enamel 
bond strength. Topical fluoride application usually complicates 
the bonding process of orthodontic brackets to cleaned enamel 
surfaces.

Clinical significance: The results of the current study indicate 
higher bracket bond strength to enamel surfaces treated with 
different stain removal protocols than the clinically acceptable 
values (5.9–7.8 MPa). However, the more aggressive enamel 
pretreatment methods should not be considered unless the clini-
cal situation necessitates such action. Postponing the topical 
fluoride application is advisable to follow the bracket bonding 
procedure. This action would prevent the negative effect of 
topical fluorides on bracket–enamel bond strength.
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INTRODUCTION

Removal of enamel surface deposits and superficial 
stains usually provides healthy oral environment and 
helps achieve durable orthodontic bracket bonding.1 
Many stain removal protocols are utilized to efficiently 
cleanse and remove stains from the superficial enamel 
layers prior to bonding of orthodontic brackets.2-4 Tooth 
polishing using the prophylaxis paste is considered a 
routine oral hygiene measure that would help removal 
of enamel surface stains.5 However, the aggressive appli-
cation of this technique or even the utilization of coarse 
prophylaxis pastes could lead to damage of the outermost 
enamel layer that normally take 3 months to be remin-
eralized back.6,7 Currently, the popularity of air-powder 
polishers has been increased in response to its ability 
to remove the supragingival plaque and stains in areas 
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not accessible by other rotary devices. This method was 
reported to provide efficient plaque removal around the 
bonded orthodontic appliances with no damage to the 
bonded components.8-10

Although other techniques, such as micro-abrasion, 
macro-abrasion, and bleaching are currently popular for 
removing intrinsic and fluorotic stains, none is considered 
successful in removing all kind of stains or that suits 
patients’ specific situations.11 Micro-abrasion is used to 
manage superficial enamel stains no more than 0.2 to 
0.3 mm deep, those usually noticed in association with 
hypoplastic spots, postorthodontic demineralization, and 
fluorosis. A hydrochloric acid abrasive paste is usually 
agitated using rubber polishing cups against the affected 
enamel surfaces. This action combines both chemical 
erosion and physical abrasion of 360 ± 130 µm of the 
outer enamel layer.12,13 Macro-abrasion is an alternative 
technique that utilizes composite finishing burs or fine 
grit diamonds in high-speed handpiece with air–water 
cooling to remove the localized superficial white spots 
and stains out of enamel surfaces.14 This fast and safe 
technique does not require rubber dam or special instru-
mentation, although it may result in catastrophic enamel 
removal if the operator fails to pay enough attention.15

These prophylactic and stain removal protocols 
to some extent could alter enamel’s surface topogra-
phy. Therefore, they may followed by topical fluoride 
application to ensure enamel protection and re-miner-
alization.15-17 However, due to the expected influence 
of these procedures on enamel surface characteristics 
and its wetting with liquid adhesives, a strong thought 
is that such preparatory measures could influence the 
bonding values of the orthodontic resin adhesives to 
enamel surfaces.16,18-21 The aim of the present study was 
to evaluate the effect of different stain removal protocols 
and the topical fluoride application on the bond strength 
of orthodontic brackets to human tooth enamel.

MATERIALS AND METHODS

The present study was approved by the Institutional 
Ethical Committee at the College of Dentistry, King Khalid 
University, Abha, Kingdom of Saudi Arabia. A total of 
80 freshly extracted, caries-free maxillary premolars 
were collected from patients undergoing orthodontic 
treatment. The collected teeth were stored in distilled 
water at 4°C for not more than 1 month before their use 
in the study. The teeth were randomly assigned into 
four different groups according to the stain removal 
protocol followed. Teeth in group I (G1, n = 20) were 
mechanically polished for 60 seconds using prophylaxis 
paste (Qartz, DAHARMA Research Inc, Miami, FL) with 
regular polishing rubber cups (DENTAMERICA Asia 

Inc, Taipei, Taiwan) rotating at slow speed in presence of 
air–water cooling. Teeth in group II (G2, n = 20) were air 
polished for 60 seconds with an aluminum trihydroxide 
slurry (Jet-Fresh Prophy Powder, Dentsply Sirona, York, 
PA) using the Prophy-Jet air-polishing device (Cavitron 
Jet Plus, Dentsply Professional, York, PA). To get the 
optimum efficiency, the device nozzle was held 4 mm 
away directed at 60° angle on the midthird of teeth sur-
faces. Teeth in group III (G3, n = 20) were treated with a 
modified micro-abrasion technique using a paste of sili-
cone carbide microparticles and 6.6% hydrochloric acid 
(Opalusture, Ultradent Products, Jordan). The paste was 
rotated against the tooth surfaces for 60 seconds using 
rubber polishing cups. In group IV (G4, n = 12), the buccal 
surfaces of teeth were subjected to a macro-abrasion 
process using ultrafine composite finishing diamond tips 
(#SE6, White, Lakewood, NJ). These tips were rotated for 
30 seconds in high speed under air–water cooling against 
enamel surfaces using gentle, intermittent pressure. White 
abrasive rubber points (Jazz polisher, White, Lakewood, 
NJ) were then used to finalize the macro-abrasion pro-
cedure. The treated teeth in all groups, regardless of the 
utilized enamel pretreatment protocol, were meticulously 
washed-up using continuous stream of air–water spray 
for 30 seconds and air dried for additional 30 seconds. 
Before bonding the orthodontic brackets, half the number 
of teeth in each group received no further treatment (SG1, 
n = 10), while the other half (SG2, n = 10) were subjected 
to topical fluoride application. The sodium fluoride gel 
(Flor-Opal, Ultradent Products, Jordan) was applied 
against the buccal surface of each tooth and left undis-
turbed for 4 minutes before washing-up and air drying.

The metal orthodontic brackets (Victory series, 3M/
Unitek, Monrovia, CA) were bonded to the treated sur-
faces by using traditional etch-and-bond resin adhesives 
(Transbond XT, 3M Unitek, Monrovia, CA). Prior to 
bonding, the enamel surface was etched with phosphoric 
acid for 15 seconds, washed up, and dried before agitat-
ing two coats of the Transbond XT adhesive primer. The 
applied primer was light-cured for 10 seconds using 
Elipar S10 (3M ESPE, Seefeld, Germany) light-curing 
device. A thin layer of adhesive was then applied on 
base of each bracket before positioning against the cured 
primer. The adhesive was then light-cured for 20 seconds 
from each side of the bracket. After bonding the orthodon-
tic brackets, all specimens were thermocycled for 1,500 
cycles at 5 to 55°C with 1-minute dwell time (Huber 1100, 
SD Mechatronik, Feldkirchen Westerham, Germany). 
The bracket–enamel bond strength was then tested 
on a universal testing machine (Instron Corporation, 
Canton, Massachusetts, USA) by the aid of knife-edged 
rod running at a crosshead speed of 0.5 mm/min and 
directed at the bracket–tooth interface. The shear bond 
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strength of each specimen was electronically calculated 
in MPa utilizing the operating software of the universal 
testing machine.

The debonded bracket and enamel surface of each 
tested specimen were also assessed using a light stereo-
microscope (Nikon SM2-10, Tokyo, Japan) at ×20 mag-
nification to determine the ARI22 for each subgroup. The 
amount of adhesive remnants on tooth enamel surface 
was scored 0 when a total separation at adhesive–tooth 
interface was detected and no adhesive remained 
bonded to tooth enamel; 1 when partial separation at 
adhesive–tooth interface was detected and less than 
50% of the adhesive remained bonded to tooth enamel;  
2 when partial separation at adhesive–tooth interface was 
detected and more than 50% of the adhesive remained 
bonded to tooth enamel; and 3 when total separation at 
adhesive–bracket interface was detected and the whole 
amount of the adhesive remained bonded to tooth enamel.

The data obtained were analyzed by Statistical 
Package for Social Sciences version 18.0 (SPSS Inc., 
Chicago, Illinois). The bond strength data were analyzed 
using two-way analysis of variance and Tukey’s pairwise 
comparisons at α = 0.05. The recorded adhesive rem-
nants scores were analyzed using chi-squared test (χ2) 
at α = 0.05 to detect any significant differences between 
subgroups.

RESULTS

The mean shear bond strength values (MPa) with stan-
dard deviations for all test subgroups are presented in 
Table 1. In SG1 subgroups (no fluoride treatment), bond 

strength values were not significantly different between 
specimens managed with micro-abrasion (G3) and those 
managed with macro-abrasion (G4), although both 
groups showed significantly lower bond strength values 
than those managed respectively, with mechanical brush-
ing (G1) and air-abrasion (G2) (p < 0.05). For all groups, 
specimens of SG2 (fluoride-treated) showed significantly 
lower bond strength values than their counterparts of SG1 
(p < 0.05). The Tukey’s pairwise comparisons between 
different subgroups showed higher bond strength value 
of mechanical brushing (G1) with no fluoride treatment 
in comparison with all SG1 and SG2 subgroups (p < 0.05).

Table 2 shows the incidences (%) of bond failure 
scores in different subgroups. The chi-squared (χ2) 
test revealed no statistical differences between test 
subgroups (p > 0.05), although variable incidences of 
different adhesive remnant scores were obvious in all 
test subgroups.

DISCUSSION

Presence of either extrinsic or intrinsic stains usually inter-
feres with the proper bonding of bracket to tooth enamel. 
Extrinsic stains usually prevent the proper interaction 
of adhesive material with the outermost layer of tooth 
enamel, while the increased amount of organic matrix 
which is a characteristic feature in some cases of discol-
ored tooth enamel seems responsible for the inadequate 
adhesive bonding of dental restoratives and adhesives.23 
On the contrary, the higher fluoride content renders 
the outer surfaces of the fluorotic teeth poorly reactive 
and sometimes resistant to acid etching.16 Several stain 

Table 1: Mean bond strength values (MPa) in different subgroups

Subgroups
Stain removal methods (groups)

Rubber cup prophylaxis (G1) Air-abrasion (G2) Micro-abrasion (G3) Macro-abrasion (G4)
No topical fluoride (SG1) 11.62 ± 0.39a1 9.94 ± 0.14a2 9.27 ± 0.14a3 9.45 ± 0.20a3

Topical fluoride (SG2) 10.36 ± 0.21b1 9.32 ± 0.11b2 6.96 ± 0.08b3 8.94 ± 0.34b4

Different superscript letters within columns (groups) indicate significant difference between subgroups (p < 0.05); different superscript 
numbers within rows (subgroups) indicate significant difference between groups (p < 0.05)

Table 2: Incidences (%) of adhesive remnant scores in different subgroups

Adhesive 
remnant 
scores

Enamel pretreatment methods (groups)
Rubber cup prophylaxis (G1) Air-abrasion (G2) Micro-abrasion (G3) Macro-abrasion (G4)
No fluoride 
(SG1)

Fluoride 
(SG2)

No fluoride 
(SG1)

Fluoride 
(SG2)

No fluoride 
(SG1)

Fluoride 
(SG2)

No fluoride 
(SG1)

Fluoride 
(SG2)

Score 0 0.0% 20.0% 30.0% 40.0% 30.0% 40.0% 30.0% 40.0%
Score 1 30.0% 20.0% 40.0% 30.0% 30.0% 30.0% 50.0% 30.0%
Score 2 30.0% 30.0% 20.0% 30.0% 20.0% 20.0% 10.0% 20.0%
Score 3 40.0% 30.0% 10.0% 0.0% 20.0% 20.0% 10.0% 0.0%
ARI 2.1 ± 0.88 1.7 ± 1.16 1.1 ± 0.99 0.90 ± 0.88 1.3 ± 1.16 0.9 ± 0.88 1.0 ± 0.94 0.9 ± 0.88
Score 0: No adhesive remained on enamel surface; Score 1: less than 50% of the adhesive remained on enamel surface; Score 2: 
More than 50% of the adhesive remained on enamel surface; Score 3: the total amount of adhesive remained on enamel surface; 
ARI: Adhesive remnant index (χ2 = 11.21 between subgroups); Higher ARI values indicate higher amounts of adhesive that remained 
bonded to tooth enamel
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removal protocols accordingly have been recommended 
to obtain enamel surfaces suitable for adhesive bonding 
of the orthodontic brackets.1-4 However, topical fluoride 
application can be recommended to ensure enamel pro-
tection and re-mineralization after altering the enamel 
surface as a result of the prophylactic and enamel pre-
treatment protocols.5,6 The present study evaluated the 
bond strength of orthodontic brackets bonded to enamel 
surfaces treated with different stain removal protocols 
either with or without fluoride application.

Enamel surfaces polished using rubber cup and 
prophylaxis paste (G1) provided the highest brackets’ 
bond strength values when compared with those treated 
with air-abrasion, micro-abrasion, and macro-abrasion. 
Results of Shobbana Devi et al24 also showed higher 
brackets’ bond strength to enamel polished with rubber 
cup prophylaxis when compared with the unpolished 
enamel. These findings could be explained by the efficient 
removal of stains from the outermost enamel layer using 
a more conservative cleaning procedure leaving minimal 
damage to enamel’s inorganic contents, and this surely 
reflects on the success of the acid-etching procedure. 
This explanation is indirectly supported by Yudaguven 
et al,7 who reported minimal damage of enamel surfaces 
after polishing using the prophylaxis paste. Furthermore, 
Osorio et al25 reported an increase in the surface energy 
of enamel surfaces subjected to rubber cup prophylaxis 
polishing. This alteration in enamel’s surface properties 
would provide better wetting with the phosphoric acid 
and, accordingly, allow for the desirable etching action.

Air-abrasion/jet polishing was known to be more 
effective in removing surface biofilm and stains than 
rubber cup prophylactic polishing, especially in areas 
not accessible by the cup or brush.26 Although the use 
of sodium bicarbonate particles is highly recommended 
to achieve the air-abrasion action, the harder aluminum 
trihydroxide particles alternatively can be used with 
patients going on sodium-restricted diets. The pressur-
ized bombarding of enamel surface with this type of par-
ticles postulates a noticeable surface abrasion and debris 
layer formation.27,28 These features could interfere with 
the appropriate etching and the subsequent wetting of the 
liquid to enamel surfaces.25 The result of the current study 
is in agreement with the aforementioned postulation as 
decreased bond strength was obvious for group II speci-
mens as compared with those of group I. On the contrary, 
Gerbo et al29 showed no difference in the bond strength 
data of the rubber cup-polished and air-abraded enamel 
surfaces. Sengun et al16 also reported no difference in 
the bond strength between air-abraded and nonabraded 
enamel surfaces when a total-etch adhesive was used for 
the bonding purpose. The conflict between the results of 
those studies and the results of the current study could 

be referred to the differences in the study design and the 
types of the abrasives and adhesives used.

In the results of this study, the micro-abraded enamel 
surfaces (G3) provided lower bond strength than the 
rubber cup-polished (G1), air-abraded (G2), and macro-
abraded (G4) enamel surfaces. This finding could be 
explained based on the statement of Gerbo et al29 that 
the double exposure of the tooth to acid may signifi-
cantly lower the bond strength of the resin adhesives. 
Elongating the exposure time to acids may result in over-
etching and widening of the created irregularities. The 
developed roughness may, in turn, result in air pockets, 
which interfere with the appropriate wetting of enamel 
surfaces with the liquid adhesive.7 Bassir et al30 revealed 
an adverse effect of micro-abrasion on the bond strength 
of resin adhesive to either normal or fluorosed enamel 
surfaces. They referred their results to the alteration 
in enamel surface structure caused by micro-abrasion. 
Micro-abrasion normally reduces the superficial enamel 
thickness yielding a densely mineralized, prism-free, 
and acid-resistant layer that could be responsible for the 
lower surface reactivity to the etching acid and the lower 
wettability of the liquid adhesive.31,32

The results of the current study showed that the bond 
strength of macro-abraded (G4) enamel surfaces ranked 
third after that of the air-abraded (G2) enamel surfaces. 
However, Van Meerbeek et al21 reported similar bond 
strength values of resin adhesives to air-abraded and 
diamond bur-abraded (macro-abraded) enamel surfaces. 
In addition, Sengun et al16 revealed no significant differ-
ences in bond strength values of resin to enamel following 
either air- or bur-abrasion. The outermost enamel layer 
usually shows low reactivity and resistance to acid etching 
in presence of organic biofilms, and higher fluoride 
content. Therefore, cutting through the enamel thickness 
had been suggested to overcome such problems. However, 
the cutting procedure can only remove the deposited 
biofilm but, at the same time, cannot increase enamel’s 
surface energy as a result of smear layer deposition.16

On the contrary, the application of topical fluoride 
after the prophylactic and stain removal procedures has 
been proposed to enhance the re-mineralization and the 
resistance of the treated enamel to acid dissolution.15,33 
However, the formed fluoride–enamel reaction prod-
ucts34 was proved to reduce the bonding efficacy of resin 
adhesives to enamel surfaces.18,35 This statement could be 
applied to explain the noticeable reduction in the bond 
strength values of the four tested subgroups when the 
orthodontic brackets were adhesively bonded to tooth 
enamel following the stain removal and fluoride applica-
tion procedures. Bryant et al36 applied different topical 
fluoride agents to the enamel surfaces of extracted central 
incisors after their mechanical abrasion. The fluoridated 
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surfaces were then subjected to 1-min etching before 
bonding of orthodontic brackets. Their results revealed 
no influence of the applied fluoride on the tested bracket 
bond strength. The contradiction between their results and 
those of the current study could be referred to the different 
fluoride application and washing-up protocols and to the 
different etching times utilized in either study. Another 
study37 demonstrated that the application of fluoride to 
enamel surfaces negatively affects the bond strength of 
resinous materials even after mechanical polishing of the 
treated surfaces. Both Meng et al38 and Barcroft et al39 also 
proved an adverse effect of topical application of differ-
ent fluoride preparations on orthodontic bracket bond 
strength to acid-eroded enamel surfaces. Findings of the 
aforementioned studies support the findings of the current 
study and none of the reviewed studies deny the negative 
role of fluoridating sound and prepared enamel surfaces 
with regard to the bond strength of resin-based materials.

No statistically significant differences were found 
between the ARIs of all subgroups. However, higher inci-
dences (%) of adhesive remnants were obvious in the tested 
G1 specimens. This could be a reflection of the highest 
bracket–enamel bond strengths of G1 specimens in com-
parison with other groups. This finding is in line with the 
results of other studies,40-42 which indicated higher ARI in 
association with the higher bracket–enamel bond strength.

In summary, the results of the current study revealed 
higher bracket bond strength to enamel surfaces treated 
with different stain removal protocols than the clinically 
acceptable values (5.9–7.8 MPa).43 However, orthodon-
tists should also pay attention to the following clinical 
highlights: (1) The more aggressive enamel pretreatment 
methods should not be considered unless the clinical situ-
ation necessitates such action, (2) Bonding orthodontic 
bracket immediately after the stain removal procedure 
is highly recommended and postponing the topical 
fluoride application to follow the bracket bonding proce-
dure is accordingly advisable. Assessment of the quality 
of bracket bonding to polished enamel surfaces is also 
recommended for further study when different types of 
adhesives are used to achieve adhesive bonding.

CONCLUSION

Bonding orthodontic brackets is affected by the protocol 
of stain removal. The use of the mechanical brushing 
with prophylaxis paste technique provided the highest 
bracket–enamel bond strength. Topical fluoride applica-
tion usually complicates the bonding process of orthodon-
tic brackets to the cleaned enamel surfaces.
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