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Abstract

Aim: The main aim of this study was to test the effect of deproteinization of 
human dental enamel surfaces, with 5.25% sodium hypochlorite (NaOCl) before 
etching on orthodontic bracket shear bond strength (SBS) of Resin Modified 
Glass Ionomer Cement (RMGI) adhesive system.

Materials and Methods: Sixty extracted human premolar teeth were 
randomly divided into two groups. Group1as an experimental and group II 
control, with 30 teeth each. Both groups; brackets were bonded to the teeth 
using, Fuji Ortho LC. The buccal surface of the premolars in the experimental 
group was deproteinized with 5.25% NaOCl before acid etching and orthodontic 
brackets were bonded with RMGI. The same protocol was used in the control 
group except NaOCl was not applied. The debonding force (SBS) was measured 
using Instron machine and the residual adhesive remain on the tooth surface 
was scored as well enamel roughness was measured using profilometry. 
Independent t test was used to determine whether there is a significant 
difference in SBS and the adhesive remnant index (ARI) scores between the 
2 groups. Kurskal-Wallis test was used to test for Ra, Rq and Rt data analysis.

Results: The mean SBS for Fuji Ortho LC with NaOCl, was 17 (±5.37) MPa; 
and for Fuji Ortho LC without NaOCl, 13.86 (±4.41) MPa, the difference between 
the 2 groups was significant P =0.029. The mean (SD) adhesive remnant index 
scores for group 1 & 2 were 3.97 (±.718) and 2.90 (±.712) respectively with 
significant difference between the 2 groups P > 0.001..No significant difference 
was found in enamel roughness between cleanup methods P for Ra, Rq and Rt 
was = 0.340 , 0.483 and 0.280 respectively.

Conclusion: It was concluded that enamel treatment with NaOCl increase 
bonding strength of brackets bonded with RMGIC, and was statistically 
significant when compared to the untreated group.
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but increases more than 20-fold within 24 hrs. In comparison, 
composite adhesive has a significantly higher initial bond strength 
that doubled within 24 hrs [3,4]. The low initial bond strength of Fuji 
Ortho LC necessitates a second appointment for placing the arch 
wire; which means an increase in the total number of appointments 
made during the treatment and makes time management more 
difficult for the orthodontist [1]. Regardless of the bonding technique 
used to attach orthodontic brackets to the teeth, preparing the 
enamel surface properly to acquire a good and stable bond is 
necessary, proper preparation usually requires the removal of the 
enamel pellicle and the creation of irregularities in the surface prior 
to bonding, this process is called enamel conditioning [5]. Enamel 
conditioning is performed using one of the two techniques, the first 
one; is acid etching, in which an acid gel is utilized, resulting in a 
microetching and the second is sandblasting, in which air abrasion 
methods are used, resulting in a macroetching [5]. The introduction 
of the acid etching technique by Buonocore [6] is a milestone in 
dentistry, this concept is based on the acid dissolution of the enamel 
tooth surface resulting in the formation of micro porosities in the 

Introduction
The orthodontic communities have strived in the past few years 

to obtain and use materials and techniques that increase the bond 
strength between orthodontic brackets and the enamel surface of 
the teeth. As the attachments have to be intentionally removed upon 
completion of the treatment, excessive bond strength may cause 
unwanted damage to enamel surfaces. An acceptable range of bond 
strength should be sufficiently high to minimize bracket. Debonding 
complications and bracket debonding by the clinician should be 
simple, clean, and harmless to the bond restoration. Resin Modified 
Glass Ionomer Cement (RMGIC), poses the ability to bond in the 
presence of saliva and blood which can be a very good bonding agent 
for orthodontic attachments especially in the areas of the mouth that 
are difficult to access. In addition, their fluoride releasing property 
makes them an ideal bonding agent for patients with poor oral 
hygiene [1], however; their immediate bond strength is found to be 
too low for immediate ligation of the initial wire. Bishara, et al. [2] 
concluded that RMGIs have significantly lower initial bond strength, 
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surface that are used to achieve a micromechanical bond. Since then, 
a major modifications and enhancements have ensued, including the 
use of decreased concentrations of phosphoric acid (80%) to 37% 
orthophosphoric acid and a reduction in the application time from 
60 s to 15 s [6,7]. With the use of 37% phosphoric acid, 15-second 
treatment is recommended for the anterior teeth and premolars [8]. 
During routine etching with phosphoric acid, 10 µm to 50 µm enamel 
is removed from the surface, whereas rough surface porosities up 
to 10 µm to 200 µm deep are created [9], as well Fjeld and Øgaard 
[10] reported that acid etching causes an enamel loss ranging from 
3 µm to 10 µm. A non-invasive technique successfully employed in 
endodontic the uses of NaOCl as an irrigating solution to disinfect 
and remove debris and organic materials from the canals [11,12] can 
be used as a deproteinizing agent. It is a possible strategy to optimize 
adhesion by removing organic elements of both the enamel structure 
and the acquired pellicle before acid etching,

Espinosa, et al. [13] suggested that the use of 5.25% NaOCl as 
a deproteinizing agent prior to acid etching increases bond strength 
because organic elements are removed well. A universal testing 
machine (Instron) and a digital dynamometer are used to evaluate 
the shear bond strength (SBS) in vivo and in vitro of metallic brackets 
bonded to human teeth with light-cured (LC) bonding materials, It is 
found that tests performed by a universal testing machine resulted in 
larger bond strengths than those performed by a digital dynamometer 
in vivo and in vitro [14]. The debonding force is applied to the junction 
of the attachment and adhesive interfaces; this method comes closest 
to applying a true shear force, which never occurs clinically [15]. 
Adhesive remnant should be entirely removed from the tooth surface 
after orthodontic attachment removal. However, complete removal 
of the entire adhesive remnants is not easily achieved because of the 
colour similarity between the adhesives and enamel, however many 
patients may be left with unsatisfactory incomplete resin removal 
[16]. A wide variety of instruments and procedures are used for 
adhesive removal [17], include manual removal using a scalar or a 
pair of band-removing pliers [18], various shapes of tungsten carbide 
burs (TCBs) with low or high speed hand pieces [19, 20], Sof-Lex 
discs [21], and special composite finishing systems with zirconia 
paste or slurry pumice as well as ultrasonic applications [22]. Carbon 
dioxide laser application have also been promising [23], and the 
Nd:YAG laser has demonstrated potent structural degradation of 
the composite, suggesting that it could be used as an adjunct to the 
removal of residual resin [24]. Air powder abrasive systems have also 
been suggested for removing residual adhesive [25], but the need for 
rubber dam and protective mask/eye wear is an impractical aspect 
of this technique [26]. All these techniques produce various degrees 
of polish, and some introduce abrasion with significant loss of 
enamel, moreover, they may have adverse effects on the pulp tissues 
if not dissipated with an appropriate coolant. Approximately 10% of 
enamel is lost because of acid etching, bracket removal, and cleanup 
after debonding [27]. This study was aimed to determine the effect of 
NaOCl application before acid-etching on the shear bond strength of 
orthodontic brackets bonded to the teeth using resin-modified glass 
ionomer cement.

Materials and Methods
The experimental procedures were approved by the Research 

Ethics Committee, University Science Malaysia number: [11:35:30 

PM] (FWA Reg. No: 00007718; IRB Reg. No: 00004494). Sixty 
human premolars, extracted for orthodontic reasons, were collected, 
the soft tissues removed and the teeth were stored in a distilled 
water at room temperature (7 days) until they were ready for use. 
The teeth were randomly divided into 2 different enamel treatment 
groups with 30 teeth each. Group I: experimental, was treated with 
sodium hypochlorite 5.25% prior to 37% Phosphoric acid etching 
using RMGI as an adhesive material and group II: control using 
37% Phosphoric acid and RMGI only. Premolars with normal crown 
shape without any deformity and caries free crowns were included. 
Teeth which have restorations, cracks, and history of bracket bonding 
were excluded from the study. The roots of the teeth were embedded 
in acrylic base frame to make blocks measuring (20 x 20 x 40 mm) 
for ease of manipulation and testing purposes. Standard orthodontic 
premolar 0.018 metal brackets (Gemini, 3M Unitek, Monrovia, CA), 
with a 100-gauge mesh were used in this study.

Laboratory procedures
The buccal surfaces of the premolars were cleaned with a non 

fluoridated prophylaxis paste and rubber prophylactic cups for 10 
seconds, rinsed and dried for both groups.

Group I (NaOCl + acid etching): Each tooth, enamel was 
deproteinized with 5.25% NaOCl for 1 minute using a micro brush, 
followed by rinsing, drying, and acid etching with 37% phosphoric 
acid for 30 seconds. Subsequently, the acid was rinsed off and the 
enamel dried, RMGI was mixed according to the manufacturer 
instructions and placed on the bracket mesh covering the entire base 
of the bracket without bubbles or voids applied to the tooth using force 
sufficient to produce a flash of excess adhesive around the bracket 
to ensure a uniform thickness of the adhesive. The excess adhesive 
was removed with a sharp scalar, and the bracket light cured for ten 
seconds on each side. A Bluedent smart LED curing light (Plovdiv, 
bulgaria) was used in all bonding procedures during 40 seconds (10 
seconds for each mesial, distal, occlusal, and gingival margins) at 
emitted wave length of 430-490 nm, as maintaining a distance of 1 
mm from the bracket base.

Group II (Acid – Etched group): Same procedures for group 
1 were followed except no NaOCl was applied before etching as a 
control group.

Evaluations
Shear bond strength (SBS): After bracket bonding, the teeth were 

stored in distilled water for 24 hours at room temperature until they 
were submitted to the shear test. A Universal Test Machine (Instrone 
model no.8874, England) was used for bracket debonding, the force 
applied using a flat-end steel rod at the bracket-tooth interface, 
measured at a crosshead speed of 1.0 mm / min with the tooth aligned 
so that the applied force perpendicular to the bracket (Figure 1). Each 
test was recorded in mega Pascal (MPa) by a computer contact to the 
machine and the samples were restored in distilled water.

Adhesive remnant index: Adhesive remnant index was measured 
using image analyzer (JVC international Yokohama, Japan). Once 
the brackets were debonded, the enamel surface of each tooth was 
examined at 10X magnification in a stereomicroscope to determine 
the amounts of residual adhesive remaining on each tooth. The 
specimen was seated on a table under microscope and the (10x) lens 



Austin J Dent 3(3): id1037 (2016)  - Page - 03

Amera A Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

selected. After scanning the specimen, image was captured and saved 
in an attached computer for analysis; areas with remnant adhesive 
were drawn using image analyzer software and measured (Figure 2). 
A modified adhesive remnant index (ARI) was used to quantify the 
amount of remaining adhesive, using the following scale: 1=all the 
adhesive remained on the tooth, with the imprints of the bracket base; 
2=more than 90% of the adhesive remained on the tooth; 3=10% to 
90% of the adhesive remained on the tooth; 4=less than 10% of the 
adhesive remained on the tooth, and 5=no adhesive remained on the 
tooth [2,28].

Tooth surface finishing using tungsten carbide bur and 
sandblasting: After measuring the ARI, The specimens of each 
group were divided into two groups, 15 each and adhesive remnant 
removal was performed using two different methods finishing burs 
Tungsten Carbide Bur (TCB) and Sandblasting (SB). The cleaned 
enamel surfaces were subjected to a test with a profile meter (kosaka 

Laboratory Ltd. Japan) to measure the enamel roughness. The profile 
meter has a tip that placed on the enamel surface touching the 
centre of each crown for all the measurements to scan and measure 
the surface roughness (Figure 3), two recordings made for each 
specimen and the mean values were taken. Three surface roughness 
measurements were recorded, the average roughness (Ra) indicates 
the overall roughness of the enamel surface. It is the arithmetic mean 
of all absolute distances of the surface roughness from the centre 
line within the measuring length. Root mean square roughness 
(Rq) describes the high distribution relative to the mean line and 
the maximum roughness depth (Rt) reflects isolated features on the 
enamel surface. The calibration of instrument was done following 
instructions and operation manual before each measurement.

Statistical analysis
Independent t test was used to determine whether there is a 

statistically significant difference in SPSS between the 2 test groups 
and to compare the bond failure mode (ARI scores) between the 
groups. Kurskal-Wallis test was used for Ra, Rq and Rt values 
analysis. Significance for all statistical tests was predetermined at P 
seis than 0.05.

Results
Shear bond strength (SBS) testing

The mean (SD) values of brackets debonding force using the 
universal testing machine for the 2 different enamel surface treatments, 
Sodium hypochlorite 5.25% + Conventional acid (Phosphoric acid 
37%) and treatments with conventional acid (Phosphoric acid 37%) 
only were, 17 (± 5.37) and 13.86 (± 4.41) MPa respectively (Table 
1). Statistically there was significant difference in the Shear Bond 
Strength value between the 2 groups P = 0.029.

Adhesive remnant index test
The mean (SD) score of adhesive (RMGIC) remained on the tooth 

surface of the 2 different enamel surface treatment groups (Sodium 
hypochlorite 5.25% + Conventional acid Phosphoric acid 37% and 
Phosphoric acid 37%, were 3.97 (± .718) and 2.90 (± .712) respectively 
(Table 2). Statistically there was significant difference between the 2 
groups P > 0.001(Table 3).

Enamel surface roughness
The descriptive statistics for the surface roughness data of all 

specimens after adhesive removal using TCB and SB methods are 
shown in table 4. The median (IQR) of Ra (arithmetic average value of 

Figure 1: Shear bond strength measurement.

Figure 2: Method of measuring the adhesive remnant area using Image 
analyser.

Figure 3: Enamel surface roughness measurement procedure. 

Groups n Mean (SD) 
(MPa)

95% confidence interval P value
Lower Bound Upper Bound

Group I 30 17   (±5.37)

Group II 30 13.86 (±4.41) - 6.05 - 0.227 0.029

Table 1: Comparing SBS between group1 and II (independent t test).

n: Sample Size; Mean; SD: Standard Deviation

Modified ARI score

Groups n 1 2 3 4 5

Fuji Ortho LC with NaOCl 30 0 8 18 3 1
Fuji   Ortho   LC   without  

NaOCl 30 0 0 8 15 7

Table 2: Frequency distributions of the modified ARI scores of the two groups.

n: Sample Size
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the profile departure from the mean line in the sampling length), Rq 
(Root of mean value, within measurement length) and Rt (Maximum 
Roughness) were:

Group 1: TCB were 0.70(.11), 0.91(0.19), 4.85(1.92) and SB 
0.75(.28), 1.00(.28), 5.65(2.65) respectively and group 2: TCB were 
0.65(0.53), 0.85(0.55), 4.41(2.85) and SB 0.70(0.58), 0.90(0.65), 
5.00(3.20) respectively. Non parametric Kurskal-Wallis test was used 
for Ra, Rq and Rt values analysis. The results indicated that there are 
no significant differences among the 2 groups P value = 0.340, 0.483 
and 0.280 respectively.

Discussion
Shear bond strength testing

The immediate bond strength of RMGIC, the mostly used 
adhesive material is far less than clinically acceptable limits [29,30], 
searching for a better material or modifying the procedure of bracket 
fixation is of great demand. Currently studies are focused on a faster 
bonding with harmless removal procedures and antibacterial effects 
of the bonding materials to aid in oral hygiene [31]. The present study 
have evaluated 2 enamel surface treatment using RMGI, Fuji Ortho 
LC to bond orthodontic brackets. The main objective of the study was 
to determine whether NaOCl, applied for 1 minute before etching, 
increase bracket SBS. By conditioning the enamel surface with 5.25% 
NaOCl followed by a 30-second etching with 37% phosphoric acid, 
the present findings indicated that the mean (SD) SBS of brackets 
bonded using Fuji Ortho LC is 17 (± 5.37) MPa, exceeds the clinical 
recommendation by [32], which is a minimum tensile bond strength 
of 5.9-7.8 MPa, in contrast, the Fuji group in which NaOCl was not 
used had a much lower mean SBS 13.86 (± 4.41). Our present study 
showed a higher mean SBS for both groups than most of other studies 
in which Fuji LC were used [33,34,35]. Luciana Borges, et al. [33] 
determined the influence of the light curing units on the shear bond 
strength of orthodontic brackets; they found that the mean SBS of 
the brackets bonded with Fuji Ortho with LED polymerization and 
37% phosphoric acid etching is 5.49MPa, the groups were tested for 
shear strength in a universal testing machine at a crosshead speed of 
0.5 mm/min. Justus, et al. [34] found the mean SBS for the brackets 

bonded using Fuji Ortho LC, with 37% phosphoric acid and enamel 
deproteinization is 9.64 ± 5.01 MPa, and the mean SBS for the brackets 
bonded using Fuji Ortho LC in the control group (without enamel 
deproteinization) was 5.71 ± 3.87 MPa, the results were statistically 
different at a crosshead speed of 1.0 mm/min. Tatiana Bahia et al [35]
used 10% per cent polyacrylic acid as an etching material and Fuji 
Ortho LC as adhesive, the results showed that the mean (SD) SBS for 
the brackets bonded using enamel deproteinization is higher than that 
without the use of NaOCl, 9.86 ± 2.90 and 8.60 ± 5.29 respectively, 
however there was no statistically significant difference between the 2 
groups at a crosshead speed of 0.5 mm/minute. It is very difficult task 
to compare between the studies, in this respect it is important to do 
standardization as possible as we can to avoid bias. There are many 
variables affecting the results of this study, such as adhesive, acid etch 
materials, polymerization of the material, time as well as different 
crosshead speed of Instron machines. We try to compare our study 
with relatively similar studies but unfortunately we found few studies 
exactly similar to ours.

From the above selected studies we found that there is a high 
difference in our mean SBS for control group (13.86) and the 3 three 
studies (5.49, 5.71 and 8.60), inspite of using the same adhesive 
system. This can be explained as there may be a missing factor that 
leads to this variation. Thus, if the clinician wishes to use RMGI to 
prevent white spot lesions, it is recommended, based on the findings 
of the present study, to deproteinize the enamel surface with 5.25% 
NaOCL for 1 minute before acid-etching as there was a statistically 
significant difference between the 2 Fuji Ortho LC groups. The control 
group showed an acceptable SBS, this can be explained by the fact that 
acid etching produces a well-defined etching pattern by preferential 
dissolution of either periphery or core of the enamel. The bonding 
agent used with Fuji LC has a very low viscosity and very high surface 
energy, which helps it to easily penetrate the fine etching pattern 
(2-5 μm in diameter) produced by acid etching and the application 
of NaOCL have an additional even lower etching ability, it increases 
the surface area by dissolving organic content of the enamel and give 
a chance to the etching material to penetrate more deeply in the core 
part of the enamel creating type 2 etching pattern. This explanation is 
in accordance with Justus, et al. [34], the authors considered that the 
application of NaOCl to achieve a better etching pattern is important, 
as well they have used scanning electron microscope (SEM) to 
study the enamel surface conditioned with NaOCl, they found that 
it produces a qualitatively rougher enamel surface and shows better 
etch pattern (types 1 and 2) than the images of the control group, in 
which NaOCl was not used (type 3 etch pattern), they concluded that, 

Confidence Interval

Groups n Mean (SD)% Lower 
Bound

Upper 
Bound p- Value

Group I 30 3.97 (±.718) -1.436 -0.697
>0.001

Group II 30 2.90 (±.712)

Table 3: Descriptive statistics for adhesive remnant index of the study groups.

n: Sample Size

Groups Ra µm Rq µm Rt µm

Median (IQR) Min Max Median (IQR) Min Max Median (IQR) Min Max

Group I

TCB .70(.11) .60 1.10 91(.19) .71 1.50 4.85(1.92) .60 9.00

SB .75(.28) .50 1.50 1.00(.28) .60 1.60 5.65(2.65) 2.60 13.30

Group II

TCB .65(.53) .40 1.50 .85(.55) .60 1.60 4.41(2.85) 2.60 8.70

SB .70(.58) .50 1.50 .90(.65) .60 1.60 5.00(3.20) 2.60 8.70

Table 4: Results of surface roughness (µm) after finishing with TCB and SB methods.

TCB: Tungsten Carbide Bur; SB: Sandblast
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enamel deproteinization is an important step in the overall bracket 
bonding procedure, improve marginal seal of the bracket base to the 
enamel is obtained because of types 1 and 2 acid-etching patterns 
produced with the aid of the NaOCl application. White spot lesions 
(WSL) formation might be minimized due to this improved seal. 
They have referred the partial loss of organic elements on the enamel 
surfaces to the storage of the test specimens in distilled water. Thus, 
the authors believe that the in vivo application of NaOCl might result 
in greater SBS than demonstrated in this ex vivo study.

Adhesive ruminant index
Adhesive that was remain after debonding in the current study 

was higher than other studies who have used the same adhesive 
material (Fuji LC), we used gel type and not liquid and powder this 
matter is explained well by Sharma, et al. [1] as liquid to powder 
ratio of RMGIC is 3:1, which results in a very thick mix, difficult 
for this thick adhesive to penetrate the fine etching pattern (2-5 μm 
in diameter) produced by acid etching. Moreover we use LC which 
increases bond strength as mentioned by the LED curing unit also 
results in higher bond strength as compared to conventional halogen 
curing light [36]. Larmour and Stirrup, with Hegarty and (Hegarty 
and Macfarlane) [37,38], suggested that in the clinical situation, the 
use of Fuji Ortho LC may result in unacceptable bond failure rates, 
it should be noted that observation periods, materials (brackets, 
adhesives) and enamel surface conditioning widely differ from one 
study to another. In general, bond failure of brackets bonded using 
Fuji Ortho LC without NaOCl occurred at the enamel-adhesive 
interface, whereas brackets bonded using NaOCl failed more often 
at the bracket-adhesive interface, these results were significant [34]. 
Bracket failure at each of the 2 interfaces has its own advantages 
and disadvantages [38], brackets failure at the bracket-adhesive 
interface is advantageous as it indicates good adhesion to the 
enamel. However, considerable chair time is needed to remove the 
residual adhesive, with the added possibility of damaging the enamel 
surface during the cleaning process. In contrast, when brackets fail 
at the enamel-adhesive interface, less residual adhesive remains 
on the enamel but then bracket failure probably occurs more 
often during treatment, disrupting chair time and prolonging the 
duration of orthodontic treatment [34]. These results are similar to 
those reported by Espinosa, et al. [13]; etching of enamel with 37% 
phosphoric acid after eliminating the organic elements from the 
enamel surface probably produces longer adhesive tags that penetrate 
the enamel. The longer tags greatly increase the mechanical retention 
of adhesives to the enamel, particularly of RMGIs, as demonstrated 
in the present study. This adhesive requires a longer time to set than 
composite resin, and it has a lower SBS in the first half hour after 
bonding, although it increases 20-fold within the first 24 hours [27]. 
Thus, clinicians need to consider the properties of RMGIs to be able 
to use them successfully. It is hoped that manufacturers in the future 
will develop RMGIs with better initial bond strength. Because of the 
recent improvements in the fluoride-releasing capabilities and the 
SBS of RMGIs, it has been suggested that these adhesives should 
play a greater role (i.e., be more widely used) in bonding orthodontic 
brackets in the future [39].

Enamel surface roughness
Damage to the enamel can be attributed to the cleaning with 

abrasives before etching, acid etching, enamel fractures caused by 
forcibly removing brackets, or mechanical removal of remaining 
composite with rotary instruments [40]. In this study both methods 
TCB and SB qualitatively appeared to provide an acceptable and 
similar surface finishing following a pumice and brush polishing 
procedure after Fuji removal, and no statistically significant 
difference was observed between the two methods. This finding is 
in agreement with Banerjee and Watson [41], they have removed 
resin using these two methods. In Malaysia, Hasan, et al. [42] have 
found that the median roughness of intact enamel is 0 µm, and 
the best method among TCB, diamond, and green stone burs was 
cleanup with TCB after bracket debonding of 1 µm. In the current 
study, the median roughness of the enamel after debonding was lower 
than 0.65 µm using TCB. Cook, et al. [43] found that alumina air-
abrasion is effective in the removal of composite at a higher rate than 
sound enamel, indicating that this technique may be used to remove 
residual orthodontic adhesive resin on sound teeth. They stated that 
the success of air-abrasion in resin removal after bracket debonding is 
controlled by the use of an appropriate abrasive powder, the inherent 
characteristics of the air-abrasive stream, and the correct clinical 
technique applied. An ideal powder cannot cut into sound enamel 
but can successfully remove the residual resin adhesive. The inherent 
characteristics of air-abrasion, where by the divergent stream cuts 
at a higher rate at the centre than at the periphery, results from the 
laminar flow of the propellant gas. The characteristics provide the 
particles at the centre of the nozzle lumen a higher kinetic energy 
than the particles at the margins. This kinetic energy creates a less 
distinct abrasion margin, making the final surface easier to polish. 
To use these characteristics, the correct clinical technique has to be 
applied, which involves keeping the nozzle at a distance of at least 5 
mm from the tooth surface. This distance allows the abrasive particle 
stream to diverge and create a less distinct abrasion margin. However, 
Banerjee and Watson [41], (2002) concluded that removal of adhesive 
using air abrasion caused more damage than that caused by the 
TCB, which was the gold standard used in their study. Moreover, 
the amount of enamel removed during adhesive removal using air 
abrasion was far less predictable than that removed by the TCB. This 
finding makes air abrasion an inappropriate clinical instrument for 
the removal of residual resin adhesive because of the inherent lack of 
substrate selectivity of air abrasion powder.

Conclusions
•	 Significantly greater bracket SBS can be obtained with Fuji 

Ortho LC if the enamel surface is wetted for 1 minute with 5.25% 
NaOCl, before etching. 

•	 Applying 5.25% NaOCl to the enamel surface eliminates 
the organic elements. This effect allows the acid etchant to penetrate 
more effectively into the enamel, creating type I and 2 etching 
patterns.

The increased bonding strength allows the orthodontist to use 
fluoride-releasing RMGIs as bonding adhesives to be able to possibly 
protect enamel from developing WSLs, which is a major iatrogenic 
effect of orthodontic treatment. Combining clinical aims and 
experience with the best available evidence should be an important 
goal of every clinician.
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•	 When enamel was deproteinized, larger amount of cement 
remained on the enamel surface in the group treated with 
acid etch.

•	 Surface enamel roughness after cleanup with TCB or SB 
represented by Ra, Rq and Rt are similar. 

•	 Additional research is needed to determine the real clinical 
benefits of Na hypochlorite. In vivo testing of the effectiveness of 
RMGIs to prevent WSLs would be a worthwhile endeavor. 
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