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Abstract
 Purpose of this study was to assess the etch enamel surface of teeth, affect “shear bond strength” in 
application chlorhexidine and the “adhesive remnant index” scores. 

Material and Method: Eighty premolar teeth half of the samples (Groups A,B/metal bracket.C,D/ceramic 
bracket) were conditioned with using 37% orthophosphoric acid gel (SDI, California,USA)for 30s washed/
dried. The other half of the samples (Groups E,F/metal bracket.G,H/ceramic bracket) were conditioned with 
Er:CrYSGG laser system, Power: 2W, Wave length: 2,780,energy: 250 mJ , Pulse duration: 140 μs Frequency: 
20 Hz. ,Cooling system: 90%:%80air-water spray , Mode of application: swiping motion (Waterlase,1 plus 
from Biolase USA) and then washed and dried. The groups(B,D,F,H) sealant was applied with CHX varnish. 

Results: statistical analyses presented that SBSs of laser radiation were significantly difference than that of 
acid etching.

Conclusions:  laser etched resulted the bond Strength accepted clinically in the metal , ceramic and could 
be an substitute to the acid etching .CHX sealant not significant affect in orthophosphoric acid etching but 
more weaker in laser etching.
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Introduction

key to therapeutic success is get highly bond strength 
and less damage to the tooth surface. The bond strength 
between the bracket base and tooth surface should be 
sufficient to withstand the thermal and mechanical effect 
of the oral environment and have to provide sufficient 
resistance against stresses from arch wires and force 
of mastication(1,2),it is consider acid etching has been 
standard procedure for bonding orthodontic brackets 
.But the decalcified enamel surface after acid etching 
has the prospective disadvantage of making the enamel 
more liable to a caries attack . There is an urgent to found 
simpler clinical techniques with decrease enamel loss 
and provide clinically better bond strength. Lately, It 
has attracted significant attention to using laser radiation 
are Er:YAG, and Er,Cr:YSGG because it results in an 
irregular surface pattern which is similar to that of an 

acid etching pattern(3) ,and can remove the smear layer 
and it does not involve heat or vibration, It can be 
modifies crystalline and chemical structure of the tooth 
surface and more resistant to caries. (4). Fixed appliances 
difficulties maintaining proper oral hygiene, and 
easily dental plaque can accumulate therefore increase 
prevalence of plaque-induced diseases lead to a higher 
risk of rising gingivitis and decalcification (5) Prevention 
of dental caries plays a vital role in orthodontic treatment, 
strategies chemotherapeutic treatment regimens have 
received much attention and have presented satisfactory 
result.Chlorhexidin (CHX) as chemical antimicrobial 
substances are proficient of inhibiting bacterial adhesion, 
metabolic activity, and colonization by reducing the 
bacterial growth.CHX collective with thymol in a 
varnish have excellent adsorption to the tooth surface 
for long period, prevent its immediate loss, thus acting 
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as slow-releasing reservoirs(6). these study has been 
established to evaluate and comparable the laser etching 
with acid-etching and to decide the suitability of these 
with chlorhexidine varnish . 

Materials and Methods

Sample organization and preparation: The selected 
(82) upper premolar teeth intact enamel, no caries and 
cracks . The teeth were pumiced/ washed-dried for (10) 
s. The teeth embedded in acrylic resin and align the 
buccal surface of the tooth with mounting jig was used 
to be parallel to the force applied through shear test (7). 
The power of laser output can be various from 0-6W 
determined the tissue to be cut. The power settings for 
laser groups had been selected on the basis dentinal 
studies and pilot study, the using 2 W power, the rate 
repetition pulse 20 pulses / second (20 Hz), a duration 
of the pulse 140microseconds,(8,9,10). The Er,Cr:YSGG 
laser (Waterlase, I plus from Biolase USA ), is produces 
accurate cuts for hard tissue via interaction with water 
at the enamel surface. The air levels were 90% and 
water 80%, respectively. To standardized the distance, 
The beam of laser was a vertical to the tooth surface at 
a distance of 1 m(11), a sweeping manner was moved by 
hand over an about 4*4 an acrylic resin with a gap, was 
retained on the enamel surface during an exposure time 
of 15 seconds(1) (Fig:1-1). All specimens were randomly 
divided into:

Group A (10teeth): Enamel etched with 37% 
orthophosphoric acid for 30 second, then rinsed/dried for 
15 second then bonding metal bracket as control group.

• Group B (10teeth): Enamel etched with 37% 
orthophosphoric acid for 30 second then rinsed/dried for 
15 second then bonding metal bracket with chlorhexldine 
sealant. 

• Group C (10teeth): Enamel etched with 37% 
orthophosphoric acid for 30 second then rinsed/dried 
for 15 second then bonding ceramic bracket without 
chlorhexldine sealant.

• Group D (10teeth): Enamel etched with 37% 
orthophosphoric acid for 30 second then rinsd/dried 
for 15 second then bonding ceramic bracket with 

chlorhexldine sealant.

• Group E (10teeth): Enamel irradiated with the 
Er,Cr:YSGG laser at 2 W for 15 seconds then washed/
dried for 15 second then bonding metal bracket without 
chlorhexdine sealant 

• Group F (10teeth): Enamel irradiated with the 
Er,Cr:YSGG laser at 2 W for 15 seconds then washed/
dried for 15 second then bonding metal with chlorhexdine 
sealant

• Group G (10teeth): Enamel irradiated with the 
Er,Cr:YSGG laser at 2 W for 15 seconds then washed/
dried for 15 second then bonding ceramic bracket 
without CHX sealant.  

• Group H (10teeth): Enamel irradiated with the 
Er,Cr:YSGG laser at 2 W for 15 seconds and bonding 
ceramic bracket with chlorhexldine sealant.

The two teeth were utilized for observation by 
“scanning electron microscopy” (SEM) to decide the 
morphology/topography of the etching enamel .

Adhesive preparation: The group B,D, F,H were 
incorporated, with CHX varnish has equivalent, 
thymol+CHX (1 mg of each/gm) ,two drops of CHX 
were added to every one drop of primer 2:1 and then 
mixed,(12).Thin uniform coat was applied to etched 
enamel surface from mixture Transbond XT primer and 
curing for 15 second all groups (13).

Bonding Procedure: each group of the brackets 
were bonded to premolars utilizing primer / resin (3M 
Unitek,Monrovia, U.S.A),in the center of the facial 
surface of the tooth. Sufficient pressure “ 200 gm. load 
on the upper part of the vertical arm of the surveyor” to 
promote excess adhesive, which was removed by probe, 
and then brackets light cured for 10s;5s for each side. 
the intensity of light was 1200 m W/cm .later exposed 
to thermocycling 500 times in distilled water between 
5uC and 55uC, with a dwell time in each bath of 30s 
and a transfer time of 15s. All specimens accomplished 
by using “Tinius `Olsen universal testing machine 
with 5 KN load cell and a crosshead speed of 1 mm/
minute” (13),as a result that the readings in newtons 
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Then, values were altered into megapascals (MP) via 
dividing the force on the base of bracket area(metal 
10.50mm2/ceramic10.75 mm2).The facial surface of 
every tooth were inspected under a stereomicroscope 
(10X magnification) later debonded bracket for conclude 
the ARI score to define quantity of resin residual on the 
enamel surfaces was predominant site of bond failure 
[Artun and Bergland, 1984](14).ARI ranges between 0 - 
3 (0:no residual resin covering on tooth; 1:less than 50% 
resin covering on tooth; 2: more than 50% residual resin 
on tooth; 3: 100%residual resin covering on tooth).Data 
were collected and analyzed using SPSS program version 
25. The descriptive statistics included means, standard 
deviations, frequency distribution and percentage, while 
the inferential statistics included Shapiro-Wilk test, 
independent sample t-test and Chi-square test. 

Results

SBS in descriptive statistics was expressed in  
(MPa) for 8 groups tested are existing in( Table:1/Fig:1).
Anova revealed the existence of significant differences 
(P<0.0001)between laser etching/acid etching and 
Tukey test informed that with conventional acid etching 
, the highest SBS values were recorded than laser 
etching .Adding CHX as the sealant lowers SBS in 
laser groups,but no more effect in acid etching special 
in metal bracket(Table:2/Fig:1).Chi-square comparison 
of the ARI scores between entirely groups(Table:3/
Fig:2) shown that the groups were significantly different 
.The minimum quantity of residual adhesive was found 
in laser groups. SEM analysis revealed the different 
etching patterns gained for every group .

Table 1 : Descriptive statistics and comparison the effect of etching type with CHX on the shear bond 
strength of different brackets

Etching 
types

Presence 
or absence 

of CHX

Descriptive statistics Comparison 
(d.f.=18)MB CB

Mean S.D. Mean S.D.
Mean 

difference
t-test p-value

Phosphoric 
acid

Without CHX 13.963 2.576 19.542 3.994 -5.579 -3.712
0.002 
(HS)

With CHX 12.396 2.069 12.551 3.297 0.155 0.588
0.563 
(NS)

LASER

Without CHX 11.053 2.227 9.462 1.160 1.591 2.004
0.060 
(NS)

With CHX 5.923 1.152 2.943 1.026 2.980 6.109
0.000 
(HS)
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Table 2: Descriptive statistics and comparison the effect of chlorhexidine on the shear bond strength of 
different brackets

Etching 
types

Brackets’ 
types

Descriptive statistics
Comparison 

(d.f.=18)
Without CHX With CHX

Mean S.D. Mean S.D.
Mean 

difference
t-test p-value

Phosphoric 
acid

MB 13.963 2.576 12.396 2.069 1.597 2.059 0.0543 (NS)

CB 19.542 3.994 12.551 3.297 6.992 4.676 0.000 (HS)

LASER

MB 11.053 2.227 5.923 1.152 5.130 6.469 0.000 (HS)

CB 9.462 1.160 2.943 1.026 6.519 13.315 0.000 (HS)

 

 FIG. 1 Box plot of shear bond strengths (MPa) of the different groups tested.
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Fig.2: Frequency distribution of adhesive remnant index

Table 3: Frequency distribution and percentage of ARI of different groups

Groups Score 0 Score 1 Score 2  Score 3 Total

A 0 (0%) 3 (30%) 3 (30%) 4 (40%) 10 (100%)

B 2 (20%) 6 (60%) 2 (20%) 0 (0%) 10 (100%)

C 0 (0%) 2 (20%) 5 (50%) 3 (30%) 10 (100%)

D 8 (80%) 1 (10%) 1 (10%) 0 (0%) 10 (100%)

E 2 (20%) 7 (70%) 1 (10%) 0 (0%) 10 (100%)

F 9 (90%) 1 (10%) 0 (0%) 0 (0%) 10 (100%)

G 7 (70%) 3 (30%) 0 (0%) 0 (0%) 10 (100%)

H 10 (100%) 0 (0%) 0 (0%) 0 (0%) 10 (100%)

Discussion

Acid etching is consider the well technique 
of attachment resins to tooth surface(15) .But is 
more susceptible to acid attack as result to plaque 
accumulation nearby to the brackets especially when 
saliva contamination and air bubbles disturb the resin 
penetrance. Recently introduced laser etching as 

alternative to the acid etching ,because decrease the 
caries risk, by Alteration of calcium to phosphorus ratio. 
But the lased surface is fi ssured and less homogenous(1).

We aimed to fi nd the most suitable enamel preparing 
techniques for bracket attachment in terms of SBS,ARI, 
and SEM observations ,with minimums caries risk by 
CHX application .
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In present study, the laser parameters determine 
based on a previous studies and pilot study(8)(9)(10) The 
results of present study revealed that SBS values of 
brackets bonded with laser etching were signifi cantly 
lesser than that of acid etching in both(LM,LC brackets 
). Reynolds29 recommended the SBS ranged from 6 to 8 
MPa clinically acceptable bonding. So, the SBSvalues 
for LM and LC groups in present study are still acceptable 
clinically strengths for bracket bonding. These results 
agree with the fi ndings to(8,10,16). But is different from 
Findings( 17,9).

Probably this Contradictory the fi ndings relating they 
utilized more various power outputs of laser technique 
and varies nature curvature enamel structures or formed 
micro pores, craters in enamel and melted bubbles 
formed during laser etching or may be as result of the 
using sweeping motion by hand controlled of the laser 
beam during the etching may be reason a inadequately 
standardized etching pattern during the irradiated area. 
Further might standrazition be aid to solve this problem, 
Our results also agree with the fi ndings of Nakamura 
et al (18).Chlorhexidine such as in Cervitec plus (1% 
Chlorhexidine +1%thymol) has proved to be better 
antimicrobial agent, therefor using as the sealant with 
primer agent,to reduce minimal time application and 
does not rely on patient compliance. Also retained on 
to the oral surfaces by attaches to the glycoproteins by 
reversal electrostatic binding thus gets CHX releases 
slowly into the oral environment permitting for a 
prolonged antimicrobial effect(19).Laser in CHX sealant 
commonly weaker this is probably causing a existence 
of micro cracks under close enamel particles ,this may 
formed a weakened substrate, this is more susceptible 
to the happening of fractures during measured bond 
strength testing(20).But is more acceptable in acid etching 
this agreement with Karaman (21).

 In acid etching more ARI score was found on facial 
surface resultant in decreased enamel fracture risk and 
fi nal more “bracket bond strength”. These results were in 
agreement with Samruajbenjakul et al,(22) . reduce ARI 
score was found in laser etching and sealant with CHX . 
This means a smaller quantity of adhesive remaining on 
tooth surface resulting in relatively reduced SBS . These 

results were comparable with studies showed via Sibi et 
al, (23).

 Different etching patterns achieved in SEM analysis 
, according to Silverstone et al(24). the acid etched enamel 
shows cracks in some regions ,and produced enamel 
surface resembled type 1 pattern of etching (Fig: 4).

 Fig.4: Scaning electron microscope image of an 
enamel surface etched with acid 

Conclusions 

The results of the study point to that etching of tooth 
surface with an” acid etching with 37% orthophosphoric 
acid for 30s” is more predictable bond strengths than did 
“Er,Cr:YSGG hydrokinetic laser system”. But laser can 
be consider acceptable bond strength more practical and 
quicker than acid etching. CHX sealant did not infl uence 
bond strength in acid etching but not signifi cant in laser 
etching. 
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