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Introduction: 

In fixed orthodontic treatment, brackets and tubes are used for 

transferring orthodontic forces to the teeth.  Those attachments were welded to 

cemented bands.  Fifty years ago, direct bonding of brackets and other 

attachments has become a common technique in fixed orthodontic treatment.  

Orthodontists used to band teeth, especially molars and second premolars, to 

avoid the need for rebonding accessories in these regions of heavy masticatory 

forces.  However, it is a known fact that direct bonding saves chair time as it 

does not require prior band selection and fitting, has the ability to maintain good 

oral hygiene, improve esthetics and make easier attachment to crowded and 

partially erupted teeth.  Moreover, when the banding procedure is not performed 

with utmost care it can damage periodontal and/or dental tissues.  Molar tubes 

bonding decreases the chance of decalcification caused by leakage beneath the 

bands.  Since molar teeth are subjected to higher masticatory impact, especially 

lower molars, it would be convenient to devise methods capable of increasing 

the efficiency of their traditional bonding.  These methods may include 

variation in bondable molar tube material, design, bonding materials and 

etching techniques.6 

 

For achieving successful bonding, the bonding agent must penetrate the 

enamel surface; have easy clinical use, dimensional stability and enough bond 

strength.  Different etching techniques were introduced in literature to increase 

the bond strength which includes: conventional acid etching, sandblasting and 

laser etching techniques. 21 

 

The process of conventional acid etching technique was invented In 

(1955) as the surface of enamel has great potential for bonding by 

micromechanical retention, to form ‘the mechanical lock‘.  The primary effect 

of enamel etching is to increase the surface area.  However, this roughens the 

enamel microscopically and results in a greater surface area on which to bond.  

By dissolving minerals in enamel, etchants remove the outer 10 micrometers on 
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the enamel surface.  The purpose of acid etching is to remove the smear layer 

and create an irregular surface by preferentially dissolving hydroxyapatite 

crystals on the outer surface. This topography will facilitate penetration of the 

fluid adhesive components into the irregularities.  After polymerization, the 

adhesive is locked as proved by Dr. Bounocore into the surface and contributes 

to micromechanical retention. 8  

 

Sandblasting was introduced in orthodontics in an attempt to achieve 

proper etching for the enamel surface which would result in a better bond 

strength through aluminum oxide particles that are emitted from a specific 

handpiece at a high speed which produce roughness in enamel surfaces. 

 

Another method of increasing bond strength is by using an adhesion 

promoter.  The expression 'adhesion promoter' was first used in connection with 

certain molecules which could achieve chemical bonding in dental structures. 

 

The word laser is an acronym for Light Amplification by Stimulated 

Emission of Radiation.  The introduction of laser has revolutionized the bonding 

procedure.  The first laser introduced was the helium-neon laser followed by 

Nd;YAG and CO2 laser.  Then the erbium family(Er;YAG and Er;Cr;YSSG) 

was introduced to dentistry.  It has some advantages such as having no vibration 

or heat and producing a surface which is acid resistant by altering the calcium to 

phosphor ratio and formation of less soluble compounds.  These characteristics 

make the erbium family more popular in orthodontics. If laser can achieve the 

above-mentioned function of acid etching, and even produce a favorable surface 

for bonding to a restorative material, it may be a viable alternative to acid 

etching.  Although there are studies that have evaluated the effect of laser 

etching on bond strength, still further studies are needed for evaluating the shear 

bond strength of orthodontic molar tubes bonded to enamel prepared by the new 

Er;Cr;YSSG laser, sandblasting versus the conventional acid etching 

technique.33 
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Review of literature: 

Bonding to enamel has always been a challenge, many etching techniques 

have been tried in an attempt to find the best and clinically accepted bond 

strength. For the sake of clarity the review of literature will be presented under 

the following topics:  

 

A.  Different enamel etching techniques: 

1. Conventional acid etching.  

2. Sandblasting etching.  

3. Laser etching.  

B.  Ortho solo stick primer. 

C. The effect of different etching techniques on enamel surface through 

     scanning electron microscope.  

 

A-Different enamel etching techniques:  

 
1. Conventional acid etching: 

 
The bonding of restorative materials to teeth typically involves the use of 

acids to demineralize their surfaces. Changes in the surface due to acid 

treatment include the gross removal of smear layer, an increase in permeability, 

micro porosity and chemical modifications of the surface composition.  The 

acid etch technique relies on the micro mechanical retention obtained on the 

enamel surface by an acidic etchant and subsequent penetration of a blend of 

polymerizable monomers into the interprismatic spaces to form enamel resin 

tags. 

 

 

Reynold (1975)49 reported that clinically, the bonded brackets should be 

able to withstand forces generated by treatment mechanics and occlusion, yet 

allow easy debonding without damage to enamel.  He has reported that 

maximum bond strength of 5.9 to 7 MPa would be adequate to resist treatment 

forces but added that in vitro levels of 4 MPa has proved clinically acceptable.  

 

 

Fusayama et al. (1979)19 introduced the concept of ‘Total etching’ 

advocating the treatment of both enamel and dentin with phosphoric acid prior 

to bonding.  This technique has become relatively popular in Japan, but initially 

met with resistance in the USA. 
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In the same year (1989) Legler et al.34 investigated the effects of 

phosphoric acid concentration and duration of etching on the shear bond 

strength of an orthodontic bonding resin to enamel.  In this study, enamel 

surfaces were etched by 37% phosphoric acid solution for 15, 30 and 60 

seconds respectively.  The results showed that phosphoric acid concentration 

had no significant effect on the shear bond strength.  However, the duration of 

etching affected the shear bond strength significantly.  

 

 

Wang and Lu (1991)57 tested tensile bond strengths of an orthodontic 

resin cement which were compared for 15-, 30-, 60-, 90-, or 120-second etching 

times, with a 37% phosphoric acid solution on the enamel surfaces of young 

permanent teeth.  An orthodontic resin was used to bond the bracket directly 

onto the buccal surface of the enamel.  The tensile bond strengths were tested 

with an Instron machine.  They found that to achieve good retention, a 15-

second etching time is suggested for teenage orthodontic patients, to decrease 

enamel loss, and to reduce moisture contamination in the clinic, as well as to 

save chair side time. In the group with etching time over 30 seconds, some 

enamel fragments were found, and the amount of enamel fragments was 

proportional to the length of etching time. 

 

 

Bradburn B. and Pender N. (1992)7 examined methods to improve the 

bond strength of two light cured composites used in the direct bonding of 

orthodontic brackets to molar. Results indicated that the chemical properties of 

the two light activated adhesives were improved by curing a thin layer of resin 

on the mesh base of the bracket before routine bonding procedures. He found 

out that chemical cured composite attained the highest bond strength. Light 

Bond and Fuji Ortho LC, when using an acid-etching technique, obtained bond 

strengths that were within the range of estimated bond strength values for 

successful clinical bonding 

 

 

In (1997), Reisner et al.48 examined four methods of enamel preparation 

before orthodontic bonding that are used currently were investigated. The study 

consisted of two parts.  Part one evaluated the roughness of the prepared enamel 

surfaces by using optical profilometry and scanning electron microscopy 

(SEM). Part two compared the debonding force for the prepared enamel 

surfaces by using a mechanical testing machine.  The teeth were divided into 

four groups as follows: In group A, the surfaces were only sandblasted.  In 

group B, the surfaces were sandblasted and acid etched.  In group C, the 

surfaces were buffed with an 1172 fluted bur and acid etched.  In group D, the 

surfaces were pumiced and acid etched. There was no statistical difference in 
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surface roughness among the four groups, nor was there any statistical 

difference in bond strength among the three groups that were acid etched.  

However, there was a significant difference in bond strength between these 

groups and the group that received only sandblasting (no acid etching).  They 

concluded that, sandblasting does not appear to damage the enamel surface and 

can therefore be used as a substitute for polishing with pumice.  It should be 

followed by acid etching to produce enamel surfaces with comparable bond 

strengths. 

 

 

Johnston et al. (1998)29 evaluated the effect of etching time on the shear 

bond strength obtained when bonding to the buccal enamel of first molar teeth.  

Recently extracted first molar teeth were etched with 37 per cent phosphoric 

acid gel for 15, 30 and 60 seconds.  Preformed cylinders of concise composite 

resin were then bonded to the buccal surfaces of the molar teeth.  After storage 

in water for 24 hours at 37ºC, the specimens were debonded in a direction 

parallel to the buccal surface.  Examination of the shear bond strengths showed 

significant differences in shear bond strength between 15 and 30 seconds and 

between 15 and 60 seconds. The results indicate that, despite current 

recommendations of a 15-second etch for premolars, canines and anterior teeth, 

an etching time of at least 30 seconds should be used when bonding to the 

buccal surfaces of first molars.  A further increase in etching time to 60 seconds 

produces no significant increase in bond strength. 

 

 

Arnold et al. (2002)2 measured the shear bond strength of stainless steel 

bracket bonded to enamel in vitro with a recently developed self-etching primer.  

Forty-eight extracted human teeth were obtained and randomly divided into four 

groups: in the control group enamel surface treatment was carried out using 

phosphoric acid etching and a separate primer.  Etching with self-etching primer 

was performed in the other three experimental groups with different etching 

times, 15 seconds, 2 minutes and 10 minutes.  Light cured composite was used 

for all of the four groups for bonding stainless steel brackets.  They have found 

out that there was no significant difference in the bond strength among the four 

groups.  They also proved that a 10 minute delay in bonding after application of 

the self-etching primer might not be deleterious to adhesion. 

 

 

In the same year (2002) El bokle and Abdel Ghany16 compared the 

shear bond strength of stainless steel brackets bonded by phosphoric acid versus 

self-etching primer. Moreover, the enamel surface after debonding was 

examined via scanning electron microscope.  Thirty extracted human premolars 

were divided into 3 groups: the first group was etched by 37% phosphoric acid 
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then a sealant and light cured composite was used for bonding.  In the second 

group, a self-etching primer was applied and brackets were bonded.  Following 

debonding, premolars in the self-etching primer group were rebonded with new 

brackets using the self-etching primer which were considered the third group. 

They found out that no statistically significant difference was found between the 

two groups regarding the mean shear bond strength.  Moreover, there was no 

significant difference between the self-etching primer group and the rebonding 

group.  All of the three groups displayed no difference in the adhesive remnant 

index scores. 

 

 

In (2003) Aljubouri et al.1 compared the mean bonding time, mean shear 

bond strength and mean survival time of stainless steel brackets with a micro-

etched base bonded with a light-cure composite using a self-etching primer 

(SEP) or a conventional two-stage etch and prime system.  Eighty premolars 

were collected two groups were formed: Group 1: 30 teeth (15 maxillary and 15 

mandibular premolars) were bonded using the SEP.  Group 2: 30 teeth (15 

maxillary and 15 mandibular premolars) and bonded with the conventional two 

stages etch and prime system. Brackets were bonded to premolars in both 

groups with each bonding system. For the survival time study, another two 

groups were formed (each group formed of 10 teeth) were bonded with the 

conventional two stage etch and prime system. The bonding time was recorded 

for each specimen using a stopwatch.  They found out that the mean shear bond 

strength of the brackets bonded with the SEP was significantly less than those 

bonded with a conventional two-stage etch and prime system. There was no 

difference in survival time of brackets bonded by each bonding system. 

 

 

Lopes et al. (2004)35 compared the shear bond strength (SBS) to enamel 

of five self-etching primer/adhesive systems and one total-etch one-bottle 

adhesive system. Sixty freshly extracted bovine incisors were mounted, 

assigned to six groups (n=10): Adper Prompt Self-Etch (AD), OptiBond Solo 

Plus SelfEtch (OP), AdheSE (AS), Tyrian (TY) and Clearfil SE Bond (SE) as 

self-etching systems; and Single Bond (SB) as a total-etch system (control).  

The respective hybrid composite was applied in a gelatin capsule and light-

cured. After 500 thermal cycles (5°C-55°C).  They concluded that only Clearfil 

bond showed similar enamel SBS compared to the total-etch system tested 

(single bond). 

 

 

Karam (2006)30 evaluated the shear bond strength of three types of 

bondable molar tubes with different retentive means on their bases (fine mesh, 

small beads, grooves with laser etching) using two no-mix orthodontic 
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adhesives, and to determine the predominant site of bond failure.  Seventy-two 

sound human lower third molars were collected and divided into three groups 

according to the type of retention means on the base of the molar tubes, then 

each group was divided into two subgroups (with 12 teeth in each subgroup) 

according to type of the adhesive used. The failure site was determined: 

cohesive failure was predominant for molar tubes with fine mesh and for molar 

tubes with small beads with both adhesives, while adhesives-enamel failure was 

predominant with molar tubes with grooves and laser etching with both 

adhesives used, finally enamel detachment was common for molar tubes with 

grooves and laser etching with both adhesive types. There was a strong positive 

correlation between shear bond strength and the site of bond failure. 

 

 

Vercelino et al. (2011)56 compared a sample of 40 mandibular third 

molars which were randomly divided into two groups: Group 1 - Conventional 

direct bonding, followed by the application of a layer of resin to the occlusal 

surfaces of the tube/tooth interface, and Group 2 - Conventional direct bonding. 

Shear bond strength was tested 24 hours after bonding with the aid of a 

universal testing machine operating at a speed of 0.5mm/min.  The shear bond 

strength tests showed that Group 1 showed higher statistically significant shear 

bond strength than Group 2.  They concluded that the application of an 

additional layer of resin to the occlusal surfaces of the tube/tooth interface was 

found to enhance bond strength quality of orthodontic buccal tubes bonded 

directly to molar teeth. 

 

2. Sandblasting etching technique: 
 

Air abrasion (sandblasting) dates back to the 1940s. It has been believed 

that sandblasting removes unfavorable oxides, contaminants and increases 

surface roughness, thereby increasing surface energy and bonding surface area. 

Several authors have independently reported that sandblasting bracket bases 

greatly increases their retentive surface which produces a significant reduction 

in the probability of failure relative to the unsandblasted samples by Newman 

el al. 1995 40. 

 

In (1999) Sargison et al.50 compared the mean shear debonding force and 

mode of bond failure of metallic brackets bonded to sandblasted and acid-etched 

enamel. The buccal surfaces of 30 extracted human premolars were sandblasted 

for 5 seconds with 50 µ alumina and the buccal surfaces of a further 30 human 

premolars were etched with 37 per cent phosphoric acid for 15 seconds.  Their 

results showed that: the mean shear debonding force was significantly lower for 

brackets bonded to sandblasted enamel compared to acid etched enamel. 
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Weibull analysis showed that at a given stress the probability of failure was 

significantly greater for brackets bonded to sandblasted enamel. Brackets 

bonded to etched enamel showed a mixed mode of bond failure whereas 

following sandblasting, failure was adhesive at the enamel/composite interface. 

 

 

Canay et al. (2000)10 tested the conventional acid-etch technique with an 

air abrasion surface preparation technique.  Eighty freshly extracted non-carious 

human premolar teeth were randomly divided into the following 4 groups: (1) 

acid etched with 37% phosphoric acid for 15 seconds (2) sandblasted with 50 µ 

aluminum oxide by a micro etcher (3) polished with pumice followed by acid 

etched with 37% phosphoric acid for 15 seconds, (4) sandblasted with 50 µ 

aluminum oxide by a microetcher followed by acid etched with 37% phosphoric 

acid for 15 seconds.  All the groups had stainless steel brackets bonded to the 

buccal surface of each tooth with no-mix adhesive.  They concluded that 

sandblasting followed by acid etching group had significantly higher bond 

strength values when compared to the other 3 groups.  This study showed that 

sandblasting should be followed by acid etching to produce enamel surfaces 

with comparable bond strength.  Enamel surface preparation using sandblasting 

with a microetcher alone results in significantly lower bond strength and should 

not be advocated for clinical use as an enamel conditioner. 

 

 

Furthermore in (2000) Van Waveren Hogervorst et al.55 compared the 

shear bond strength of different prebonding and bonding methods.  Enamel loss 

was determined for 2 enamel-conditioning methods: acid etching with 37% 

phosphoric acid; and sandblasting with 50 micron aluminum oxide particles 

under different conditions. Forty-two bovine teeth were divided into 7 groups.  

In addition, the effectiveness of different prebonding and bonding techniques 

used in the bonding of orthodontic brackets was evaluated by means of shear 

bond strength measurements.  For bonding, 1 resin and 1 glass ionomer cement 

were evaluated; for prebonding, a sandblaster, 2 different polyacrylic acids and 

phosphoric acid were tested.  Seventy bovine teeth were divided into 7 groups 

and then stored in water for 24 hours.  The results showed that the bond strength 

of the sandblasted groups was significantly lower than that of the etching 

groups. This indicates that sandblasting is not an alternative for the acid-etching 

technique currently used in orthodontic practice. 

 

  

Chung et al. (2001)15 examined the effect of surface treatment with 

sandblasting on bracket bonding strength.  Extracted human tooth, base metal 

alloy and porcelain surfaces were treated with sandblasting.  The bracket 

bonding strengths of sandblasted surfaces were evaluated and compared with 
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the controls and etched enamel surfaces.  Morphological observation of the 

treatment surfaces and the failure sites was conducted.  Results indicated that 

there were no statistically significant differences determined among the etched 

enamel, sandblasted metal and sandblasted porcelain surfaces.  Most debonding 

specimens failed at either the resin–tooth interface or within the adhesive.  It 

was concluded that sandblasting the metal and porcelain surfaces obtained 

bracket bond strength comparable with that of the etched enamel surface. 

 

 

Ozer and Arici (2005)45 evaluated the effects of sandblasting metal 

brackets on their clinical performance when resin-modified, chemically cured 

glass ionomer cement was used for bonding.  A total of 60 patients with a range 

of malocclusions were allocated randomly into two groups.  For the first 30 

cases, teeth were divided into quadrants so that sandblasted, mesh-based metal 

brackets (SB) were bonded directly to the upper left and lower right quadrants 

using the resin-modified glass ionomer cement.  The mesh-based (no 

sandblasting) brackets bonded to the other quadrants with the same adhesive 

were used as control (CO).  A split-mouth design was used, and the allocation 

of the brackets per quadrant was reversed for the second 30 cases.  Sandblasting 

of the bracket bases was accomplished using 25-mm aluminum oxide particles 

for three seconds.  The manufacturer’s instructions were followed for bonding.  

The number, site, and date of first-time bracket failures were monitored 

throughout active orthodontic treatment, and the observation time was 20 

months.  Results showed that bond failure rates were 4.9% and 4.3% for the SB 

and CO brackets, respectively.  No statistically significant difference was found 

between the groups for failure rates.  The bond failure sites were predominantly 

at the enamel-adhesive interface in both groups.  They concluded that: 

Sandblasting did not have a positive effect on the clinical performance of the 

mesh-based metal brackets when bonded with resin-modified glass ionomer 

cement. 

 

 

In (2009) Mehdi et al.37 studied the effect of air abrasion on surface 

enamel ultrastructure as well as the depth of micro indentations created. The 

buccal surfaces of eighteen recently extracted teeth, which were divided into 2 

groups: The surfaces of the teeth of the first group were planned with an 

abrasive disc and then polished with a rubber tip.  The surfaces of the teeth of 

the second group were not adjusted in any way.  The surfaces of the two groups 

were subjected to air abrasion with aluminum oxide powder made up of 28 μm 

particles.  Results showed that: by suitably choosing the parameters of 

sandblasting (pressure, time and quantity of powder), enamel loss is lower than 
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with the acid-etch procedure and the surface of the enamel seems less affected.  

However the bond strength remains superior to the values required for 

treatment. The presented results indicate that enamel sandblasting can be 

considered as an alternative for the acid-etching technique currently used in 

orthodontic practice because it creates sufficient strength and respects enamel 

thickness better. 

 

 

Halpern and Rouleau (2010)22 determined the method of preparation of 

enamel which best retains a bonded orthodontic bracket against a shear force.  

Two hundred and twelve human lower premolars were randomly divided into 

four equal groups.  Group 1 underwent no air abrasion, group 2 received 

treatment with 25 μm aluminium oxide particles, group 3 with 50 μm particles, 

and group 4 with 100 μm particles.  All groups were treated with a self-etching 

primer before bonding of an orthodontic bracket.  They have found out that: 

There was no statistically significant difference between groups 1 and 2. There 

was, however, a statistically significant difference between groups 1 and 3.  In 

addition, there was a significant difference found between groups 2 and 3, 

groups 2 and 4, and groups 3 and 4. 

 

Nandini et al. (2011)39 determined the mean shear de-bonding force of 

metal brackets following enamel preparation with acid etching alone or 

sandblasting or a combination of sandblasting and acid etching.  Eighty 

extracted human premolars were divided into four groups of twenty each, 

depending on the method of enamel surface preparation (conventional acid 

etching, pumicing and acid etching, sandblasting, and a combination of both.  

They have found out that the highest mean shear bond strength on debonding 

was found in the sandblasted and acid etched group, followed by the pumiced 

and acid etched group, followed by the acid etched group and the lowest mean 

shear bond strength on debonding was found in the sandblasted group. 

 

In (2012) Mati et al.36 evaluated the effects of sandblasting on the initial 

shear bond strength (SBS) and on the bracket/adhesive failure mode of 

orthodontic brackets bonded on buccal and lingual enamel using a self-etching 

primer (SEP).  The brackets were bonded using a SEP and composite resin on 

the buccal and lingual surfaces of 30 premolars with intact enamel and 30 
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premolars pretreated by sandblasting with 50 μm aluminum-oxides.  It was 

shown that sandblasting increases significantly SBS of the SEP on the buccal 

surfaces but the increase on the lingual surfaces is not statistically significant.  

A comparison of the adhesive remnant index scores indicated that there was 

more residual adhesive remaining on the teeth that were treated by sandblasting 

than on the teeth with intact enamel. Besides, there was no statistical difference 

between SBS of the SEP on buccal and lingual surfaces with intact enamel.  

Therefore, we can conclude that sandblasting improves the bond between buccal 

and lingual enamel and resin and that the SEP provides the same SBS on buccal 

and lingual intact surfaces. 

 

In the same year (2012) Escalona et al.17 have included three types of 

brackets with a contact surface area of 11.16, 8.85 and 6.89 mm (2) 

respectively.  These brackets combined with a sandblasting treatment were used 

with two different types of abrasive particles, alumina (Al (2)O(3)) and silicon 

carbide (SiC) and applied to natural teeth in vitro. The abrasive particles used 

are bio-compatible and usually used in achieving increased roughness for 

improved adherence in biomedical materials. Sandblasting was performed at 2 

bars for 2 s; three particle sizes were used: 80, 200 and 600 μm. Non-blasted 

samples were used as control. Each of the brackets was cemented to 

natural teeth with a self-curing composite. Brackets treated with sandblasted 

particles were measured to have an increased adhesion as compared to the 

control sample. They have found out that the highest bond strength was 

measured for samples sandblasted with alumina particles of 80 and 200 μm 

combined with micro-milled brackets.  

3. Low level laser etching (Er:Cr;YSGG):  

Laser was introduced for the first time after the pioneering theoretical 

work of three scientists who won the Nobel Prize for science in that year.  The 

first helium-neon laser was invented in (1961) by Javan et al.28 The ability of 

laser irradiation to remove the smear layer has been reported. After being 

exposed to laser, enamel underwent physical changes including melting and 

recrystallization, thus forming numerous pores and small bubble like inclusions.  

This was similar to the type III etching pattern produced by orthophosphoric 

acid. The recrystallization of dentin after laser exposure has also been 

demonstrated. With the formation of a fungiform appearance, the micro 
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retention or possible chemical adhesion of a restorative material to tooth 

structure might be increased.  Therefore; laser etching may be a feasible method 

of etching enamel. 

 

In (1975) Zharikov et al.60 discovered two Erbium laser systems which 

are preferred in dentistry: first, the Erbium: YAG laser and second, the Erbium, 

chromium: YSGG laser.  In general, Erbium lasers are excited by flash lamps.  

This implies that these lasers cannot run in continuous-wave mode due to the 

long lifetime of the lower laser level.  In pulsed mode, however, Erbium lasers 

can be operated up to a pulse repetition rate of 40 Hz and average powers of 20 

W at pulse energies of 1.  However, not enough evidence is found on the effect 

of Er,Cr:YSGG laser in orthodontic bonding of brackets and further 

investigations is needed on this type of laser. 

 

Jamjoun et al. (1995)27 examined the tensile bond strength of composite 

resin to acid- and laser-etched enamel and the topographical differences 

between the surfaces were evaluated using the scanning electron microscope.  

The laser used was a pulsed Nd-YAG laser at 10 pulses per second.  The results 

obtained indicated that the bond strength of laser-etched enamel was 

significantly lower than that of acid-etched enamel.  In this study the difference 

may be attributable to the type of composite used.  Variations in the rate of 

traverse of the laser tip across the surface did not appear to produce significant 

alterations in the bond strength. 

 

In (2000) Talbot et al.53 evaluated the effects of argon laser irradiation on 

bond strength at 3 different laser energies (200, 230, and 300 mW) and at three 

unique time points of laser application (before, during, or after bracket 

placement).  One hundred-fifty human posterior teeth were divided into 9 study 

groups and 1 control group.  After debonding, the adhesive remnant index was 

scored for each tooth. There was no evidence of an effect of energy level on 

bond strength, or of an interaction between timing of bracket placement and 

energy level.  When combining data across energy levels, the mean bond 

strength was significantly different between all 3 bracket placement groups.  In 

addition, the mean bond strength of teeth lased after bonding was significantly 
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higher than the control group.  There were no statistically significant differences 

between adhesive remnant index scores among the 10 groups.  Lasing the 

enamel before or after bonding does not adversely affect bond strength.  Use of 

the argon laser to bond orthodontic brackets can yield excellent bond strengths 

in significantly less time than conventional curing lights, while possibly making 

the enamel more resistant to demineralization. 

 

Lee et al. (2003)33 compared the bracket bond strengths after acid 

etching, laser ablation, acid etching followed by laser ablation, and laser 

ablation followed by acid etching.  Forty specimens were randomly assigned to 

one of the four groups. Two more specimens in each group did not undergo 

bond test and were prepared for observation with scanning electron microscope 

(SEM) after the four kinds of surface treatment. After the bond test, all 

specimens were inspected under the digital stereomicroscope and SEM to 

record the bond failure mode. Student's t-test results showed that the mean bond 

strength (13.0 ± 2.4 N) of the laser group was not significantly different from 

that of the acid-etched group (11.8 ± 1.8 N). However, it was significantly 

higher than that of the acid-etched then laser-ablated group (10.4 ± 1.4 N) and 

that of the laser-ablated then acid-etched group (9.1 ± 1.8 N). The failure modes 

occurred predominantly at the bracket-resin interface. Therefore Er:YAG laser 

ablation consumed less time compared with the acid-etching technique. 

Therefore, Er:YAG laser ablation can be an alternative tool to conventional acid 

etching. 

 

Ozer et al. (2008)46 tested the shear bond strength, surface characteristics, 

and fracture mode of brackets that are bonded to enamel etched with 

Er,Cr:YSGG laser operated at different power outputs. They examined sixty-

four premolars, extracted for orthodontic purposes, were randomly divided into 

4 groups, and a different method was used to prepare the tooth enamel in each 

group for bonding: irradiation for 15 seconds with a 0.75-W Er,Cr:YSGG laser; 

irradiation for 15 seconds with a 1.5-W Er,Cr:YSGG laser; etching with 37% 

phosphoric acid; application of a self-etching primer. After surface preparation, 

standard edgewise stainless steel premolar brackets were bonded; 1 tooth in 

each group was not bonded and was examined under a scanning electron 

microscopic.  The brackets were debonded 24 hours later; shear bond strengths 
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were measured, and adhesive remnant index scores were recorded.  Results 

showed that Irradiation with the 0.75-W laser produced lower shear bond 

strengths than the other methods.  No statistically significant differences were 

found between 1.5-W laser irradiation, phosphoric-acid etching, and self-

etching primer.  Adhesive remnant scores were compared with the chi-square 

test, and statistically significant differences were found between all groups; 

when the 0.75-W laser irradiation group was excluded, no statistically 

significant differences were observed.  They have concluded that the mean 

shear bond strength and enamel surface etching obtained with an Er,Cr:YSGG 

laser (operated at 1 W or 2 W for 15 seconds) is comparable to that obtained 

with acid etching. 

 

Obeidi et al. (2010)43 examined the effect of various etching times on 

bond strength of resin composite to enamel and dentin prepared by Er,Cr:YSGG 

laser.  Sixty previously flattened human molars were irradiated for 10 s by an 

Er,Cr:YSGG laser.  Enamel (E) specimens were etched with 37% H3PO4 for 

20, 40 or 60 s and dentin (D) specimens were etched for 15 or 30 seconds.  All 

specimens were prepared for a standard shear bond strength (SBS) test (1 

mm/min).shear bond strength for E40s was significantly higher than E60s 

(p=0.023).  No difference was noted between the dentin groups.   

 

In the same year (2010) Yun et al.58 assessed the efficiency of bonding 

with Er,Cr:YSGG laser etching combined with the conventional etching 

technique. Sixty-four sound premolars, extracted for orthodontic purposes, were 

randomly divided into 4 groups and treated in the following manner.  First 

group, conventional etching of 37% phosphoric acid for 15 seconds (control); 

second group, 1.5 W laser etching for 10 seconds followed by conventional 

etching; third group, conventional etching followed by 1.5 W laser etching; 

fourth group, 1.5 W laser etching for 15 seconds only.  They assessed the shear 

bond strength, the surface characteristics, and the adhesive remnant index scores 

between all groups. They have found out that Experimental groups showed 

higher shear bond strength than the control group. But no statistically significant 

differences were found between the second and third groups.  Therefore, to 

obtain maximum shear bonding strength, a combined technique of Er,Cr:YSGG 

and 37% phosphoric acid is useful even though it may be inconvenient. 
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Furthermore in (2010) Başaran et al.5 investigated the shear bond 

strength of bonding to enamel following laser etching with the Er:YAG or 

Er,Cr:YSGG laser using different irradiation distances.  Ninety nine extracted 

human premolar teeth, 90 were divided equally into nine groups.  In the control 

group (group A) the teeth were etched with 38% phosphoric acid.  In the laser 

groups (groups B-I) the enamel surface of the teeth was laser-irradiated, groups 

B-E with the Er:YAG laser and groups F-I with the Er,Cr:YSGG laser at 

distances of 1, 2, 4 and 6 mm, respectively.  As a result: The mean shear bond 

strengths and enamel surface etching obtained with the Er:YAG laser at 1 and 2 

mm and the Er,Cr:YSGG laser at 1 mm were comparable to that obtained with 

acid etching. 

 

Jamenis et al. (2011)26 evaluated and compared the shear bond strength 

between the bracket and acid etched enamel, enamel treated with self- etch 

primer and laser irradiated enamel and to analyze the interface of the enamel 

bracket bond.  Around 60 non-carious human premolars were divided randomly 

into three groups each of 20 and etched using 37% phosphoric acid, self-etch 

primer and Er:YAG laser . Stainless steel brackets were then bonded using 

transbond XT composite following which all the samples were store in distilled 

water at room temperature for 24 hours.  Their results indicated that the shear 

bond strength of all the groups was clinically acceptable with no significant 

difference between them but more adhesive was left on enamel treated with acid 

and laser compared to self-etch primer. 

 

Furthermore in (2011) Chang et al.12 investigated the influence of 

different laser scanning patterns on the adhesive strength of laser irradiated 

enamel surfaces both with and without post ablation acid etching.  They stated 

that, since the enamel surface after ablation by CO(2) lasers is more resistant to 

acid dissolution it is desirable to avoid acid etching before bonding.  The 

overlap between adjacent laser spots was varied to modify the effective surface 

roughness. In addition, small retention holes were drilled at higher laser 

intensity with varying spacing to increase the adhesive strength without acid 

etching. Varying the degree of overlap between adjacent laser spots did not 

significantly influence the bond strength with post ablation acid etching.  The 
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bond strength was significantly higher without acid etching with retention holes 

spaced 250-µm apart. 

 

Hosseini et al. (2012)24 compared shear bond strength (SBS) of 

orthodontic brackets bonded to enamel prepared by Er:YAG laser with two 

different powers and conventional acid-etching. Forty-five human premolars 

extracted for orthodontic purpose and were divided into 3 groups.  Group 1- 

conventional etching with 37% phosphoric acid; Group 2- irradiation with 

Er:YAG laser at 1 W; and Group 3- irradiation with Er:YAG laser at 1.5W 

Metal brackets were bonded on prepared enamel using a light-cured composite.  

All groups were subjected to thermocycling process.  They found out that the 

mean SBS obtained with an Er:YAG laser operated at 1W or 1.5W was 

approximately similar to that of conventional etching. However, the high 

variability of values in bond strength of irradiated enamel should be considered 

to find the appropriate parameters for applying Er:YAG laser as a favorable 

alternative for surface conditioning. 

 

Türköz C et al. (2012)54 examined Ninety-one human premolars which 

were randomly divided in six groups of 15 specimens each. The enamel 

surfaces of the teeth were etched with 35% orthophosphoric acid in Group 1, 

with a self-etching primer in Group 2, sandblasted in Group 3, sandblasted and 

etched with 35% orthophosphoric acid in Group 4, conditioned by Er:YAG 

laser in Group 5 and conditioned by Er:YAG laser and etched with 35% 

phosphoric acid gel in Group 6. After enamel conditioning procedures, brackets 

were bonded and shear bonding test was performed. After debonding, adhesive 

remnant index scores were calculated for all groups. One tooth from each group 

was inspected by scanning electron microscope for evaluating the enamel 

surface characteristics.  They found out that laser and acid etched group showed 

the highest mean shear bond strength (SBS) value (13.61 ± 1.14 MPa) while the 

sandblasted group yielded the lowest value (3.12 ± 0.61 MPa). They concluded 

that although the SBS values were higher, the teeth in laser conditioned groups 

were highly damaged.  Therefore, acid etching and self-etching techniques were 

found to be safer for orthodontic bracket bonding.  Sandblasting method was 

found to generate inadequate bonding strength. 
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In (2012) Raji et al.47 tested fourty eight premolars, extracted for 

orthodontic purposes which were randomly divided in to three groups.  Thirty-

two teeth were exposed to laser energy for 25 seconds: 16 teeth at 100 mj 

setting and 16 teeth at 150 mj setting.  Sixteen teeth were etched with 37% 

phosphoric acid.  The shear bond strength of bonded brackets with the 

Transbond XT adhesive system was measured with the Zwick testing machine.  

The mean shear bond strength of the teeth lased with 150 mj was 12.26 ± 4.76 

MPa, which was not significantly different from the group with acid etching 

(15.26 ± 4.16 MPa).  Irradiation with 100 mj resulted in mean bond strengths of 

9.05 ± 3.16 MPa, which was significantly less than that of acid etching.  They 

concluded that laser etching at 150 and 100 mj was adequate for bond strength 

but the failure pattern of brackets bonded with laser etching is dominantly at 

adhesive– enamel interface and is not safe for enamel during debonding. 

 

B-Ortho Solo stick primer: 

Chung et al.(2000)14 evaluated the effects of 2 adhesion promoters, 

Enhance LC (Reliance, Itasca, Ill) and All-Bond 2 (Bisco, Schaumburg, Ill), on 

the shear bond strength of new and rebonded (previously debonded) brackets. 

Sixty new and 60 sandblasted rebonded brackets were bonded to 120 extracted 

human premolars with composite resin and divided equally into 6 groups based 

on the 2 adhesion promoters used: (1) new brackets/no promoter (2) rebonded 

brackets/no promoter (3) new brackets/Enhance (4) rebonded brackets/Enhance 

(5) new brackets/All-Bond (6) rebonded brackets/All-Bond.  They concluded 

that in the process of replacing a failed bracket, (1) when new brackets are used, 

neither All-Bond 2 nor Enhance LC improves bond strength significantly, and 

without the use of any adhesion booster, sandblasted rebonded brackets yield 

significantly less bond strength than new brackets. However, enhance LC fails 

to increase bond strength of sandblasted rebonded brackets, and all-Bond 2 

significantly increases bond strength of sandblasted rebonded brackets. 

 

Chalgren et al. (2007)11 determined the shear bond strength to enamel 

and adhesive remaining on the teeth with various enamel and bracket 

preparation procedures. He examined damon 3 orthodontic brackets (Ormco, 

Orange, Calif), combining a self-ligating bracket with a composite bracket pad.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Chalgren%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18005827
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A 3 x 2 factorial design was selected with the following factors as variations of 

the enamel preparation: liquid phosphoric acid etchant followed by primer 

(Ortho Solo; Ormco), gel phosphoric acid etchant followed by primer, and self-

etching primer (Transbond Plus; 3M Unitek, Monrovia, Calif). The second 

factor was a primer (Ortho Solo) either applied to the bracket pad or absent as a 

control. They concluded that, self-etching primer, gel etchant, and liquid etchant 

produce equal and sufficient bond strengths. Furthermore, application of primer 

to the bracket pad does not improve bond strength. 

 

Furthermore, in Noble et al. (2008)41 determined the success of bracket 

retention using an adhesion promoter with and without the additional 

microabrasion of enamel. Fifty-two teeth with severe dental fluorosis were 

bonded in vivo using a split-mouth design where the enamel surfaces of 26 teeth 

were microabraded with 50 microm of aluminum silicate for 5 seconds under 

rubber dam and high volume suction. Thirty-seven percent phosphoric acid was 

then applied to the enamel, washed and dried, and followed by placement of 

Scotchbond Multipurpose plus Bonding Adhesive. Finally, precoated 3M 

Unitek Victory brackets were placed and light cured. The remaining teeth were 

bonded using the same protocol but without microabrasion. They found out that 

bonding orthodontic attachments to fluorosed enamel using an adhesion 

promoter is a viable clinical procedure that does not require the additional 

micro-mechanical abrasion step. 

 

Mohammed M. (2010)38 evaluated the effect of flourosed Yemeni teeth 

on the SBS of metal and ceramic brackets using 37% phosphoric acid agent 

with two different etching times (60 and 120 seconds) and two adhesive systems 

(no mix adhesive and no mix adhesive+ adhesion promoter).  Sixty four human 

flourosed premolar teeth were used.  He concluded that enamel fluorosis 

significantly decreased the shear bond strength of metal brackets while had no 

significant effect on that of ceramic brackets.  Also, the highest and most 

clinically accepted shear bond strength was recorded using the no mix adhesive 

+ adhesion promoter.  While increasing the etching time had no significant 

effect on the shear bond strength. 
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C- The effect of different etching techniques on enamel 

surface through scanning electron microscope: 

SEM offers a unique visualization of surface of a variety of biological 

specimens. This is the most useful for imaging.  SEM include the secondary 

electrons which are generated at the points where the beam interacts with the 

sample and subsequently attracted to a detector composed of grid held at a low 

50eV positive potential, a scintillator and photomultiplier tube.  The number of 

secondary electrons is dependent upon atomic identity, topography and sample 

orientation at the point of impact. 

 

All of these forms of released energy can be used in SEM analysis of 

materials; however secondary emitted electrons are most commonly used in 

imaging of biological specimens.  Accordingly, the use of this tool will add 

valuable information to surface changes. 

 

Silverstone et al. (1975)52 described and classified five types of etching 

patterns. Type I: had enamel prism cores preferentially removed, giving 

honeycomb like appearance. It is the most favorable type of etching pattern.  

Type II: was the reverse pattern where the peripheral regions of the 

prisms were removed leaving relatively unaffected prism cores, giving 

cobblestone appearance.   

Type III: had areas corresponding to both Types 1 and 2.  

Type IV: pitted enamel surface as well as structures which look like 

unfinished puzzle. 

Type V: flat smooth surface. These observations were made using buccal 

surfaces and occlusal surface tooth areas. 

 

In (1995) Jamjoun et al.27 examined the effect of Nd-YAG laser 

radiation on enamel and to compare the effect of tensile bond strength of 

composite resin to laser-etched enamel with that achieved by acid etching using 

scanning electron microscope. They found out that the acid etched enamel 
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surface showed a cobblestone appearance, which the surface changes seen in the 

laseretched enamel are non-uniform and result in a roughened surface.  Unlike 

the acid-etched enamel the laser-etched enamel demonstrated no porosity 

forming bubble like or fish scale appearance.  

 

Van Waveren Hogervorst et al. (2000)55 quantified the surface enamel 

loss that results when an air-abrasive technique is used.  The results showed that 

the enamel loss associated with sandblasting is equal to or smaller than that 

resulting from acid etching. 

 

Chung et al. (2001)15 examined the effect of surface treatment with 

sandblasting on bracket bonding strength and their surface characteristics using 

scanning microscopic examination.  They found out that the sandblasted tooth 

surfaces had a frosted appearance with an irregular texture and multiple 

undercuts were observed. 

 

In the same year (2001) Hossain et al.23 compared the surface roughness 

of enamel following the Er,Cr:YSSG laser irradiation and acid etching using 

scanning electron microscope. It was found that surface roughness was 

significantly increased with the laser system.  Scanning electron microscopy 

analysis showed that irradiated surface produces a rough surface that was 

completely lacking of a smear layer; there was also no cracking of enamel or 

dentin. 

 

Cal-Neto and Miguel (2006)9 analyzed the effect of a self-etching primer 

developed for orthodontic use, in the regularity and depth of adhesive 

infiltration in the enamel of human permanent teeth and to compare it with 

phosphoric acid using scanning electron microscopy (SEM).  Thirty premolars 

were divided in two groups of 15 each: group 1(control)—phosphoric acid 1 

Transbond XT Primer and group 2—Transbond Plus SEP.  Transbond XT 

Adhesive Paste was used in both groups for bracket bonding. All products were 

used according to the manufacturer’s instructions.  Dental fragments were 

decalcified to observe the adhesive penetration into the enamel; specimens were 
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mounted with brackets in epoxy resin and submitted to demineralization cycles, 

which promoted complete dissolution of the dental structures.  The specimens 

were placed on aluminum stubs, resin replicas remnant at brackets base were 

sputter-coated with gold and evaluated under a scanning electron microscope.  

The results demonstrated that the self-etching primer was more conservative 

and produced a smaller amount of demineralization and less penetration of 

adhesive in the enamel surfaces when compared with the conventional 

phosphoric acid system. 

 

In the same year (2006) Shinhora et al.51 analyzed the etching pattern 

(EP) of nine SES in comparison with 35% and 34% phosphoric acid etchants on 

intact and ground enamel surface. The etching effect of intact enamel using 

phosphoric acid etchants showed that prism cores and boundaries were etched 

by 34% and 35% phosphoric acids, causing dissolution of both inter and 

intraprismatic areas.  The predominant etching pattern was type 2, which has the 

peripheral region of prisms removed and prism cores relatively unaffected.  The 

unground enamel treated with phosphoric acids also showed formation of a 

porous surface, exhibiting the exposed enamel crystallites along the entire 

surface However; the etching pattern was not uniform throughout the surfaces.  

Some areas showed little etching effects, whereas other areas exhibited 

extensive demineralization. 

 

Furthermore in (2006) Zanet et al.59 analyzed the microstructure of 

enamel surface after etching with 37% phosphoric acid or with two self-etching 

primers, non-rinse conditioner (NRC) and Clearfil SE Bond (CSEB) using 

scanning electron microscopy. Thirty sound premolars were divided into 3 

groups with ten teeth each: Group 1: the buccal surface was etched with 37% 

phosphoric acid for 15 seconds; Group 2: the buccal surface was etched with 

NRC for 20 seconds; Group 3: the buccal surface was etched with CSEB for 20 

seconds.  Teeth from Group 1 were rinsed with water; teeth from all groups 

were air-dried for 15 seconds.  After that, all specimens were processed for 

scanning electron microscopy and analyzed. The results showed deeper etching 

when the enamel surface was etched with 37% phosphoric acid, followed by 

NRC and CSEB. It is concluded that 37% phosphoric acid is still the best agent 

for a most effective enamel etching. 
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Ozer et al. (2008)46 tested the surface characteristics of enamel etched 

with Er,Cr:YSGG laser operated at different power outputs: 0.5 W, 1 W, and 2 

W and compared it with conventional acid etching technique.  They found out 

that the acid etching technique produced a type III acid etched pattern, with the 

regular rough surface and spaces.  The laser etched surface with 2W irradiation 

produced type III acid-etching pattern similar to that produced by acid etching, 

whereas a 1-W laser irradiation produced a more preferred type I etching 

pattern.  A honeycomb-like appearance was seen with a 1-W laser irradiation. 

The laser-ablated surfaces were accompanied by the appearance of microcracks 

that aid the penetration of resin. 

 

Obeidi et al. (2009)43 examined the formation of superficial tiny flakes 

on teeth prepared by Erbium lasers.  It has been suggested that removing this 

layer (mechanically or chemically) may increase the bond strength of the resin 

composite.  SEM evaluation showed predominantly cohesive failure.  Within 

the limits of this study, etching time significantly influenced the SBS of 

composite resin to laser-prepared enamel.  SEM showed subsurface cracks, 

fissures, and deformities leading to predominantly cohesive failure in both 

enamel and dentin. 

 

In (2010) Başaran et al.5 investigated the effect of bonding to enamel 

following laser etching with the Er:YAG or Er,Cr:YSGG laser using different 

irradiation distances.  Ninety nine extracted human premolar teeth, were divided 

equally into nine groups.  In the control group (group A) the teeth were etched 

with 38% phosphoric acid.  In the laser groups (groups B-I) the enamel surface 

of the teeth was laser-irradiated, groups B-E with the Er:YAG laser and groups 

F-I with the Er,Cr:YSGG laser at distances of 1, 2, 4 and 6 mm, respectively. 

They have found out that the Er:YAG etching pattern was cobblestone in 

appearance which the Er:Cr:YSSG produced the honey comb appearance which 

is similar to acid etching group . 

 

 



Review of literature  

 
 

23 

 

 

 

Aim of the 

Study 
 

 

 



Aim of the study  

 
 

23 

Aim of the study: 

The purpose of this study was to: 

1. Determine the effect of sandblasting and laser irradiation of enamel on 

the bond strength of molar tubes and compare them with that of the 

conventional etching technique. 

2. Evaluate and compare the effect of the adhesion promoter (solo stick 

primer) on the bond strength of molar tubes in replacement of 

conventional primer. 

3. Study the changes on enamel surface for every etching technique through 

the naked eye and scanning electron microscope. 
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Materials and Methods: 

1-Materials:  

1-Sample selection:  

A total of sixty six human first molar teeth freshly extracted for 

periodontal reasons were collected from the outpatient clinic of Dental 

Educational Hospital, Cairo University to be used in the present investigation.   

Criteria of sample selection:  

 The molar teeth were selected free of caries, hypoplasia, macroscopic 

cracks or abrasions on the buccal surface as assessed by visual 

examination.   

 The age of patients was between 30 and 50 years.   

 The teeth were stored in saline for a maximum of 1 month to prevent 

bacterial growth and mimic oral conditions. 

2-The bondable metal molar tubes: 

 Standard edgewise stainless steel first molar tubes* were used for this  

study. 

                                       

                                                              Fig. 1: standard edgewise bondable 1st molar tubes 

 

*Ormco Co.,USA 
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3-Orthodontic adhesive system:  

No mix light cured orthodontic adhesive with its bonding agent *, fig 2 was 

used for molar tubes bonding. 

        

       Fig. 2: Bond brush, Transbond XT primer and composite 

4-Adhesion Promoter:  

Ortho Solo stick primer**, which is a material used to enhance the bond 

 Strength (fig 3), was used in a trial to increase bond strength. 

   

                                                Fig. 3: Ortho Solo stick primer and its bonding brush 

 

*3M Unitek Composite Co, USA  

** Ormco ortho solo, USA  
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5-The visible light cure machine:  

             Light emitting diode curing unit* was used for composite curing.  

6-Universal etching solution:  

   Conventional 37% phosphoric acid etch** (fig 4) was used. 

     

Fig. 4: 37% phosphoric acid syringe. 

7-low level laser etching machine:  

Er: Cr; YSSG low level laser machine*** (fig 5) was used. 

                                                             

                                                                               Fig. 5: waterlase low level laser machine  

 

 

*LED, V light curing unit Japan  

** Ormco Co, USA  

*** presented by Waterlase, BioLase Technology, Inc., San Clemente, CA,Globe 

      company,USA. 
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The laser machine has the following range of parameters:  

Wavelength ………………Er-Cr: YSGG, 27780 nm  

Power ……………………..0.1to 8.0 W 

Pulse repetition rates ………5-100Hz  

Pulse energy ……………...0-600mJ 

Laser classification ……….4 

Operating voltage ………..100-230 VAC 

By changing the power output with the pulse repetition rate, the pulse 

energy is changed (which is the power of the laser beam penetrating the tooth 

surface) and hence by increasing the output the cutting efficiency increases.  

8-Sandblasting etching:  

                   Sandblasting etching hand piece *, Fig 6 was used in this study 

                   

                                                   Fig. 6: sandblasting hand piece 

9-Acrylic blocks:   

Self-cured acrylic resin blocks poured into propylene rings of standard  

size (19mm diameter and 32.5mm length) were used to hold the molars. 

 

 

        *Al2O3 particles (50 µm) 
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10-Shear bond strength testing machine:  

Universal Instron testing machine* was used to measure shear  

bond strength (fig 7). 

                  

                       Fig. 7: Instrone universal testing machine  

10- Scanning electron microscope:  

             Scanning electron microscope** was used for scanning enamel  

             surface after each etching technique (fig 8). 

                      

                                                       Fig. 8: scanning electron microscope device . 

* Instron universal testing machine. LR-533 

** JEOL-JSM 5400 SEM (Japan). 
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2-Methods:  

1- Sample classification: 

The sample was divided into 3 groups (fig 9):  

Group L : formed of 20 molars which were subdivided into two subgroups, 10  

                 teeth each : 

   Sub-group LT: Enamel was irradiated with Er:Cr;YSGG  and bonded by  

                         Transbond XT primer.  

   Sub-group LO: Enamel was irradiated with Er:Cr;YSGG and bonded Ortho  

                            Solo stick primer.   

Group S : formed of 20 molars which were divided into two subgroups, 10 

                   teeth each :   

    Sub-group ST: Enamel was sandblasted at 65-70 psi and bonded by   

                            Transbond  XT primer.  

   Sub-group SO: Enamel was sandblasted at 65-70 psi and bonded by Ortho  

                            Solo stick primer. 

Group P : formed of 20 molars divided into 2 subgroups, 10 teeth each : 

    Sub-group PT: Enamel was etched with 37% phosphoric acid and bonded by  

                          Transbond XT primer.  

    Sub-Group PO: Enamel was etched with 37% phosphoric acid and bonded by   

                              Ortho Solo stick primer. 

Sixty molars were used for the bond strength experiments and the remaining six 

were scanned for electron microscopic investigation to determine the 

topography and morphology of the differently treated enamel surface (two from 

each group).  
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Fig. 9: A schematic diagram showing sample grouping according to the type of etching and  

            adhesion promoter used. 

 

Etched & bonded 

 (60) 

Etched & scanned 

(6) 

 

According to type of primer 

used 

According to type of primer 

used 

According to type of primer 

used 
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   Laser etching 

  

     Group S:  

           (20)  

Sandblasting etching  

       Group P:  
               (20) 

Phosphoric acid            

etching 
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(10) 

Bonded with 

Transbond 

XT primer 

Group LO:  

(10) 

Bonded with 

Ortho Solo 

stick primer 

Group ST: 

(10) 

Bonded with 

Transbond 

XT primer   

Group SO: 

(10) 

Bonded with 

Ortho Solo 

stick primer 

Group PT:             

(10) 

Bonded with 

Transbond 

XT primer  

Group PO:    

(10) 

Bonded with 

Ortho Solo 

stick primer 
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2-Sample preparation: 

After extraction, the teeth were stored in saline to prevent dehydration.  

The saline was changed weekly to avoid bacterial growth till the time of use.  

For all the groups, the teeth were pumiced using a brush and pumice to clean the 

enamel surface from the remnant debris.   

All molar roots were scratched vertically along their mesial and distal surfaces 

to resist dislodgment.  The self-curing acrylic resin was mixed and poured into 

the polypropylene pipe rings, fig 10.  The molars were embedded vertically in 

the self-cured acrylic resin blocks, so that their facial surfaces were at least 2 

mm above the top surface of the acrylic resin before bonding the tubes.   

The sample was classified, numbered and immersed again in saline till the time 

of molar tubes bonding. 

                        

                                     Fig. 10: 1st molar tooth mounted in acrylic block  

 

 

 

 



Materials and methods 

 
 

32 

3-Etching procedure: 

Enamel was prepared by different enamel preparation techniques:  

Group L (laser etched): consisted of twenty molars which were divided into 

sub groups of 10 molars (LT and LO):  

WaterLase was introduced in 2005.  It uses a unique, powerful interaction of the 

patented Er:Cr;YSGG laser wavelength and water/air spray that cuts, etches and 

shapes target tissues without contact, heat, vibration or pressure . 

In the present study the following specifications were used: 

-The Pulse used had frequency 15Hz, 2w power.  Etching time was for 20 sec. 

-The energy used was 133mJ, water delivery via the handpiece was 30% and air 

was 50%. The percentage of air should be higher than water to spread the water 

film on the enamel surface which decreases its film thickness and increase the 

efficiency of cutting. 

-The laser energy was delivered via a flexible wave guide to a contra angled 

turbo handpiece. 

-The beam was aligned perpendicular to the enamel surface in non-contact 

mode with a fixed distance of 3 mm away from the laser tip in a sweeping 

motion to achieve an even surface coverage by overlapping the laser impact. 

The surface appear frosty white after etching procedure. 

 -No washing was undertaken following laser etching. 

                                                                                 
Fig. 11: laser etching of molar buccal enamel using Er:Cr;YSGG laser 
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Group S (sandblasting etched): consisted of twenty molars which were 

divided into sub groups of 10 molars (ST and SO):  

They were etched by sandblasting hand piece with aluminum oxide with a 

particle size of 50um, this was performed for 20 sec.  Sandblasting particles 

were directed perpendicular to the enamel surface at a distance of 5mm 

followed by rinsing by air/water spray for 20 seconds.  The surface appear 

frosty white after etching procedure. 

                               

                                  Fig. 12: sandblasting etching of enamel surface. 

Group P (acid etched): consisted of twenty molars which were divided into 

sub groups of 10 molars each (PT and PO): 

The molars were etched by 37% phosphoric acid for 20 seconds.  Rinsing with 

water spray was performed afterwards and proper dryness of the surface using 

air spray. 

                                 

                                       Fig. 13: 37% phosphoric acid etching of enamel surface 
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4-bonding procedure:  

1. Subgroups (LT, ST and PT) bonded by Transbond XT primer: 

In each sub-group, after the etched area become frosty white, the enamel 

bonding agent (Transbond XT) was applied in a uniform thin coat using special 

brush to both, the enamel surface and to the base of the tube which was held in a 

locking tweezer and activated with the visible light cure system for 10 sec. for 

each one.  The enamel surface to be bonded appears shiny.  Then a small 

quantity of the adhesive paste (3M, unitek Company) was applied to the base of 

the tube which was seated firmly in the proper position (away from the occlusal 

plane by 2mm its mesial opening is below the tip of the mesiobuccal cusp) on 

the buccal surface of molars with a steady pressure.  The excess of adhesive was 

removed before curing using sharp probe without disturbing the tube position.  

The adhesive-bracket-tooth interface was exposed to the light curing for 20 

seconds at a distance of 5mm. 

                           

                    Fig 14: Bonding of molar tubes using Transbond XT primer. 

2-Subqroups (LO, SO and PO) bonded by Ortho Solo stick primer:  

In each sub-group, after the etched area become frosty white, the enamel 

bonding agent (Ortho Solo stick primer) was applied in a uniform thin coat 

using special brush to both, the enamel surface and to the base of the tube which 

was held in a locking tweezer and activated with the visible light cure system 

for 10 sec. for each one according to the manufacturer’s recommendation.  Then 

a thin layer of the adhesive paste was applied to the tube base and bonded as 

previously described. 
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                                  Fig. 15: bonding of molars tubes using Ortho Solo stick primer. 

                                                

Fig. 16: molar tubes bonded on 1st molars 

5-Estimation of shear bond strength: 

After storage of the specimens for 24 hours at 37degrees. SBS was 

estimated using a mono beveled chisel edge mounted on a cross head of the 

testing machine, fig17.  The edge was aimed at the molar tube and enamel 

interface at a speed of 0.5mm/second by a universal testing machine until bond 

failure occurred. 

The data was automatically recorded on a personal computer by using lab 

view graphical programming for instrumentation software (NEXYGEN).  The 

outputs were compiled as excel files.  
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                          Fig. 17: bond strength measurement with the specimen in place (universal testing machine). 

 

The force decay was measured for each specimen in Newtons 

(1N=approximately 100g) where SBS is calculated by dividing the force decay 

by the molar tube base area (18.15mm2), and the final score was obtained in 

megapascales (MPa). 

The test was carried out at the dental materials department of faculty of 

dentistry, Ain Shams University. 

6- Investigation of the enamel surface: 

1. Evaluation of the site of bond failure:  

Following debonding, all molar specimens and orthodontic molar tubes 

were examined using a magnifying lens(x10 time’s magnification) to determine 

the location of the failure site as well as the amount of adhesive left on the tooth 

surface and molar tube base. 

This was performed according to the Adhesive Remnant Index (ARI) system of 

Artun and Bergland (1984)3, which includes the following scores:  

Score 0: No adhesive on the tooth surface.                               

Score 1: Less than half of the adhesive on the tooth surface.   

Score 2: More than half of the adhesive on the tooth surface.  

Score 3: The entire adhesive on the tooth surface.              
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2-SEM examination: 

A. Preparation of the samples:  

Six first molars were randomly selected, one from each subgroup after 

etching and before bonding.  They were studied using SEM to determine the 

topography and morphology of treated enamel surface. Six buccal enamel 

blocks approximately (5x5mm) were cut with a cooled diamond disk to remove 

the root and the lingual part of the crown under running water. Maximum care 

was taken to avoid scratching of the buccal surface etched.  This procedure 

allowed loading of the six specimens in the tray of the scanning electron 

microscope.  

 

B. Mounting and coating:  

Samples were dried and placed on SEM copper studs, to which they are 

glued by a special adhesive. They were coated by a highly conducting layer of 

gold sputter (20um thickness) and were examined by the SEM (fig 18, 19).  

Photos of SEM were then oriented and results were recorded, presented and 

interpreted.  

The SEM has a range of magnification of x15-200,000 and a resolution of 4nm. 

The instrument produces three dimensional images because of the large depth of 

field which is 3500 times that of light microscope.  

The depth of field refers to the capability of lenses to focus a series of points 

within the specimen equally well. The electron beam of SEM is organized into a 

coherent electron probe that sweeps across the specimen surface and causes 

release of secondary electrons as well as back scattered electrons, X-ray and 

light (cathode illumensence). 

The photos were taken with two different magnifications (x500 times and x1500 

times) for better visualization and studying the effect of every etching 

technique. 
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The interpretation was done according to Silverstone et al. system (1975) 

which included the following patterns:  

Type I: had enamel prism cores preferentially removed, giving honeycomb like 

appearance. It is the most favorable type of etching pattern.  

Type II: was the reverse pattern where the peripheral regions of the prisms were 

removed leaving relatively unaffected prism cores, giving cobblestone 

appearance.   

Type III: had areas corresponding to both Types 1 and 2.  

Type IV: pitted enamel surface as well as structures which look like unfinished 

puzzle. 

Type V: flat smooth surface. These observations were made using buccal 

surfaces and occlusal surface tooth areas. 

 

The examination was carried out in the National Center for Research and 

Radiation Technology, Atomic Energy Organization. 
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Fig. 18: fine coat apparatus  

 

 

                                          

                                           Fig. 19: specimens placed in a sputtering device. 
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Statistical analysis: 

The collected data were statistically analyzed for the following: 

1-Descriptive analysis:  

 Means and standard deviations (SD) were computed and presented for  

 Shear bond strength  

 Adhesive Remnant Index (ARI). 

2-Comparative analysis: 

Because the data showed non-parametric distribution the 

following tests were used: 

 Kruskal-Wallis test was used to compare between the different 

etching techniques.   

 Mann-Whitney U test was used for pair-wise comparisons between 

the groups when Kruskal-Wallis test is significant.  

 Mann-Whitney U test was also used to compare between 

specimens with 3M primer and Ortho Solo stick primer. 

The significance level was set at P ≤ 0.05. Statistical analysis was performed 

with IBM® SPSS® Statistics Version 20 for Windows. 

 

 

 

                                                           
® IBM Corporation, NY, USA. 

® SPSS, Inc., an IBM Company 
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Results: 

The data of the study could be presented under the following three main topics: 

I-Shear bond strength. 

II-Adhesive Remnant Index after debonding. 

III-Scanning Electron Microscope.  

 

I- Shear bond strength :  

Shear bond strength for molar tubes bonded with 3M composite were estimated 

for all sub groups of different (laser, sandblasting and acid) etching techniques 

and different bonding agents (Transbond XT primer and ortho solo stick primer) 

are presented in tables (1-6), graphically represented in figures (16-22): 

1-Descriptive statistics: 

A. Using Transbond XT bonding primer (subgroups LT, ST and PT): 

 
Table (1): Descriptive statistics for shear bond strength with different etching 

                 techniques using Transbond XT primer (subgroups LT, ST and PT). 
 

MPa: Megapascales. 

SD: standard deviation. 

Different letters indicates significant values while similar letters indicates insignificant values. 

  Enamel etching         

       techniques 

 

Shear bond  

strength  

Laser etching 

(Subgroup LT) 

Sandblasting 

etching 

(Subgroup ST) 

Phosphoric acid 

etching 

(Subgroup PT) 
P-

value 

 Mean 

(MPa) 
SD 

Mean 

(MPa) 
SD 

Mean 

(MPa) 
SD 

 3.55 b ±1.16 2.61 b ±1.73 6.23a ±1.70 0.001* 
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Fig (20): Bar chart showing the mean shear bond strength with different etching techniques    

               using Transbond XT primer. 

 

As shown in table 1, phosphoric acid etching had the highest shear bond 

strength 6.23MPa ±1.70.  While, sandblasting showed the lowest value 

2.61MPa ±1.73 and laser etching showed 3.55MPa ±1.16 

 
 
B. Using Ortho Solo stick bonding primer (subgroups LO, SO and PO): 
 

Table (2): Descriptive statistics for shear bond strength with different etching 

                 techniques using Ortho solo stick bonding primer (sub groups LO,  

                 SO and PO) 

  
Enamel etching 

techniques 

 

Shear bond 

 Strength 

Laser etching  

(subgroup LO) 

Sandblasting etching 

(subgroup SO) 

Phosphoric acid 

etching 

(subgroup PO) P-value 

 Mean 
(MPa) 

SD 
Mean 
(MPa) 

SD 
Mean 
(MPa) 

SD 

 
4.53b ±1.25 6.86 a ±2.47 

4.44 b ± 2.16 
0.049* 

  
MPa :Megapascales. 

SD: standard deviation. 

Different letters indicates significant values while similar letters indicates insignificant values. 
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Fig (21): Bar chart showing the mean shear bond strength with different etching techniques  

               using Ortho Solo stick primer. 

 

As illustrated in table 2, sandblasting had the highest value of shear bond 

strength 6.86MPa ±2.47 and laser etching 4.53MPa ±1.25 was higher than 

phosphoric acid etching 4.44MPa ± 2.16. 

Overall comparison between shear bond strength of different 

groups: 
 

Table (3): Comparison between shear bond strength values of the different 

subgroups 

Subgroups 
Mean 

(MPa) 
SD P-value 

Laser with Transbond XT primer 3.55 b 1.16 

<0.001* 

Laser with Solo stick primer 4.53 b 1.25 

Sandblasting with Transbond XT primer 2.61 b 1.73 

Sandblasting with Solo stick primer 6.86 a 2.47 

Phosphoric acid with Transbond XT primer 6.23 a 1.70 

Phosphoric acid with Solo stick primer 4.44 b 2.16 

 *: Significant at P ≤ 0.05,   Different letters are significantly different 

                                                        Similar letters are not significantly different. 
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In table 3, there was statistically significant higher shear bond strength between 

phosphoric acid with Transbond XT primer, Sandblasting with solo stick primer 

with all the subgroups 

 

However, there was no statistically significant difference between Phosphoric 

acid with Transbond XT primer and sandblasting with Solo stick primer.  

(Fig. 22) 

 

There was no statistically significant difference between Laser with both 

primers, Phosphoric acid with Solo stick primer and Sandblasting with 

Transbond XT primer; all showed the statistically significantly lowest mean 

shear bond strength values. 

 

 

 
 

Figure (22): Bar chart representing the overall comparison between the shear bond strength 

values of the different subgroups 
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II- Adhesive remnant index after debonding: 

1-Using Transbond XT primer (subgroups LT , ST and PT):  

Table (4): Descriptive statistics of ARI for different enamel etching 

       techniques using Transbond XT primer (subgroups LT, ST and PT). 

Etching 

technique 

Minimum score Maximum score Mean SD 

Laser etching  

(subgroup LT) 

0 1 0 ±0.48 

Sandblasting 

etching  

( subgroup ST) 

2 3 2 ±1.03 

Phosphoric acid 

etching 

(subgroup PT) 

2 3 3 ±0.85 

  MPA: Megapascales. 

 SD: standard deviation.  

 

Fig (23): Bar chart showing descriptive statistics for the mean ARI of different etching groups using  

               Transbond XT primer. 
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In table (4), with Transbond XT primer, there was no statistically significant 

difference between sandblasting (2 ± 1.03) and Phosphoric acid (3 ±0.85); both 

showed the statistically significantly highest mean ARI.  Laser showed 

significantly lower mean ARI (0 ± 0.48).  

2- Using Solo stick primer (subgroups LO, SO and PO):  

Table (5): Descriptive statistics of ARI for different enamel etching  

                  techniques using Ortho solo stick primer. 

Etching 

technique 

Minimum score  Maximum 

score  

Mean  SD  

Laser etching 

(Subgroup LO)  

1 1 1  ±0.47 

Sandblasting 

etching  

(subgroup SO) 

2 2 2 ±1.05 

Phosphoric acid 

etching 

(subgroup PO) 

2 3 3 ±0.70 

       MPA: Megapascales. 

      SD: standard deviation  

 

 

 

 

 

 

 

 

 

Fig (24): Bar chart showing descriptive statistics for the mean ARI of different etching  

               techniques using Ortho solo stick primer. 

      laser etching                 sandblsting etching          phosphoric acid etching 

     (subgroup LO)                  (subgroup SO)                      (subgroup PO) 
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In table (5), with Solo stick primer, there was no statistically significant 

difference between sandblasting (2 ± 1.05) and phosphoric acid (3 ± 0.7); both 

showed the statistically significantly highest mean ARI. Laser showed 

significantly lower mean ARI (1 ± 0.47). 

Overall comparison between ARI of different groups: 

Table (6): Comparison between ARI values of the different subgroups 

Subgroups 
Mean 

(MPa) 
SD P-value 

Laser with Transbond XT primer 0 c ±0.48 

<0.001*** 

Laser with Solo stick primer 1 b ±0.47 

Sandblasting with Transbond XT primer 2 a ±1.03 

Sandblasting with Solo stick primer 2 a ±1.05 

Phosphoric acid Transbond XT primer 3a ±0.85 

Phosphoric acid with Solo stick primer 3 a ±0.70 

 *: Significant at P ≤ 0.05,  Different letters are significantly different 

                                                             Similar letters are not significantly different  

 

 Figure (25): Bar chart representing overall comparison between ARI values of the different  

                      Groups. 
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  A statistically significant highest mean ARI values was found for 

Phosphoric acid and sandblasting with both primers; however there was no 

statistically significant difference in the ARI between both groups. 

On the other hand, laser with both primer subgroups (LT and LO) showed the 

lowest statistically significant values.  However, laser with Ortho Solo stick 

primer subgroup showed statistically higher values than laser with Transbond 

XT primer subgroup (table 6, fig 25) 
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III-Scanning electron microscopic results:  

Scanning electron photomicrographs of enamel surfaces were evaluated to 

investigate the etching pattern, resulted from each of the three etching 

techniques used. 

1- For enamel surface :  

                     

Fig. 26: SE micrograph of normal enamel surface of 1st molar (original maginification  

              x500) showing that the surface is rough with the opening of enamel prisms       

              are sealed. 

                     

Fig. 27: Higher magnification of the same specimen (original magnification x1500) 

             showing that surface defects are minimal and fissures are following the  

             natural shapes of enamel prisms. 
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2- Er;Cr:YSSG laser etched enamel surface :  

 

Fig. 28: SE micrograph of laser etched enamel of 1st molar (spec. No 1, original     

             magnification x500) illustrating the honeycomb-like appearance. 

 

 

Fig. 29:  Higher magnification of fig 28 (original magnification x1500) revealing    

 

            micro cracks  and distinct prismatic boundaries that aid in resin penetration. 
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Fig. 30: SE micrograph of laser etched enamel for 1st molar (spec. No 2, original magnification x500) 

             revealing distinct enamel prisms and well defined prismatic outline.  

 

         

 

Fig. 31: Higher magnification of fig 30 (original magnification x1500) showing  

 

           micro-cracks, uniform prismatic outline and rough surface resulting from  

 

           interprismatic globular appearance.  This suggests type I etching pattern. 
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3- Sandblasting etched enamel surface:  

   

Fig. 32: SE micrograph of sandblasting etched enamel for 1st molar (spec. No 1, original   

             magnification x500) showing confluence of prismatic and interprismatic structures  

             and loss of the normal architecture of enamel. 

           

 

  

Fig. 33: Higher magnification of fig 32 (original magnification x1500) showing  

 

           irregular surface due to tissue removal and marked loss of prismatic structure.  
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Fig. 34: SE micrograph of sandblasting etched enamel for 1st molar, (spec. No 2, original  

             magnification x500) demonstrated irregular rough surface and interprismatic globular  

             structures. 

 

 

    

Fig. 35: Higher magnification of fig 34 (original magnification x1500) showing irregular   

 

            surface with alternating micro porosities and globular deposits suggesting loss of  

 

            enamel prisms.  This suggests type IV etching pattern which has the most unfavorable  

 

            effect on enamel surface. 
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4- Phosphoric acid etched enamel surface:  

    

Fig. 36: SE micrograph of phosphoric acid etched enamel for 1st molar, (spec. No 1 original         

             magnification x500) revealed prominent surface destruction and loss of prismatic  

             architecture. 

 

 

Fig. 37: Higher magnification of fig 36 (original magnification x 1500)  

 

            demonstrating disturbed surface topography, deep pores and globular structures. 

 

            They revealed type II etching pattern, where preferential removal of enamel prism  

 

             core takes place, and the prism peripheries are relatively intact. 
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Fig. 38: SE micrograph of Phosphoric acid etched enamel for 1st molar (spec No 2, original  

 

             magnification x500) showing focal loss of prismatic core material, while prism  

 

             peripheries are relatively intact. 

 

 

 

Fig. 39: Higher magnification of fig 36 showing the top of the keyhole is preserved,  

 

            suggesting that the center and bottom of the keyhole have been dissolved. 
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Discussion: 

The shear bond strength (SBS) of bondable molar tubes is a challenging 

clinical procedure that needs special procedures to be within its effective 

clinical range. Tubes bonded to molars using self-cured or light-cured resins 

showed around 14% failure.  This may be attributed to the difficulty in 

maintaining proper isolation of the posterior region, inadequate adaptation of 

the attachment base to the tooth surface, stronger masticatory forces, different 

etching times, and individual variations related to enamel composition, as 

claimed by Vercelino et al.(56) 

Few etching and bonding techniques were tested in order to achieve the 

best and most clinically accepted shear bond strength especially in this area of 

high masticatory forces. The aim of this study was to evaluate and compare the 

effect of different etching techniques on the bond strength of a specific type of 

bondable molar tubes and on the buccal enamel surfaces. 

Three Etching techniques were included in this study: Laser etching 

(Er:Cr;YSGG), sandblasting etching and phosphoric acid etching.  

The sample of the present study was divided into three groups based on 

the type of etching technique used which were further subdivided into six 

subgroups according to the type of bonding primer used.  Subgroups A, C and E 

were bonded by Transbond XT primer while subgroups B, D and F were 

bonded by Ortho Solo stick primer (adhesion promoter).  This last mentioned 

primer was added in order to increase SBS as stated by Chung et al. (14), Noble 

et al. (41) and Mohammed M. (38) 

Laser has been introduced to dentistry with a strong concept that it may 

replace the usual present techniques in every branch including Orthodontics. 

Er:Cr; YSSG has been recently introduced, due to its benefits as an ideal 

instrument to perform safe and minimally invasive treatment.  The Er,Cr:YSGG 
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laser used in the present study creates laser-energized, atomized water droplets 

that act as cutting particles.  This laser system creates precise hard tissue cuts by 

the laser energy interacting with water at the tissue interface, called a 

hydrokinetic system.  With this system, not only is the temperature suppressed, 

but cutting efficiency is increased.  Laser energy is delivered through a fiber 

optic system to a sapphire tipped terminal.  The average power output can vary 

from 0–6 W.   The power output used in this study was 2W, 15Hz which is the 

most efficient watt and frequency used for etching enamel surface.  

In the present study, the laser wavelength was constant (2780 nm). The 

laser power output was also fixed because the main purpose of the present study 

was to determine the shear bond strengths of bondable molar tubes bonded to 

enamel etched with three different etching techniques for comparison.  The 

usage of different power outputs causes different effects.  The ease of handling 

of this apparatus, prevents unnecessary further etching of the enamel. 

Sandblasting etching was used to produce enamel surface roughening 

which is a highly complex phenomenon.  Many factors need to be considered, 

including the particle size, shape and hardness of the abrasive, the particle 

velocity, and the microstructure of the surface being abraded with high energy 

abrasion.  It has been believed that sandblasting removes unfavorable oxides, 

contaminants and increases surface roughness, thereby increasing surface 

energy and bonding surface area as proved by Chung et al.(14) 

The 37% phosphoric acid was used in this study group, since it was 

considered as the most accepted and widely used acid etching agent that was 

capable of producing the most retentive bonding condition, as proved by Legler 

et al.(33) 

As surface enamel integrity is also our concern, a 20 seconds etching 

time was used to minimize the amount of enamel loss as advised by many 
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authors: Nordenvall et al.(42) , Barkmeier et al.(4), Chumak et al.(13), Osorio R. 

et al.(44)
 and Wang W. N. and Lu T. C.(57) 

The Adhesion promoter material (Ortho solo stick primer) was added 

to the study, since it was advocated by many authours such as Noble et al.(41), 

Chung et al.(14) and Mohammed M.(38)  to increase SBS.  They concluded that it 

significantly increases adhesion of resins to hypocalcified or primary enamel 

and consquently enhanced the bond strength of bonded attachments.  They 

stated that it is composed of hydroxyethyl methacrylate (HEMA), 

tetrahydrofurfuryl cyclohexane dimethacrylate and ethanol.  The HEMA 

molecule contains two functional groups, one hydrophilic and one hydrophobic.  

The incorporation of hydrophilic monomers to adhesive systems facilitates the 

infiltration of resin into the etched enamel, reducing interfacial porosity and 

therefore adhesive defects, achieving greater bond strength after polymerization. 

The light cured adhesive system was chosen for this study, because it is 

considered as the most convenient and popular bonding system used in 

Orthodontics.  Standard edgewise stainless steel molar tubes which were the 

most commonly used bondable tubes, were bonded to the prepared buccal 

surfaces of first molar teeth and all specimens were then stored in distilled water 

at room temperature for 24 hours before measuring the SBS.  This was done 

according to the storage conditions in order to simulate the oral environment as 

recommended by the International Standards Organization for quality testing of 

adhesive dental materials. 

Instron Universal machine was used for measuring shear bond strength 

since it is accurate and widespread.  This machine is capable of delivering a 

controlled and measured force to the bonded bracket via a moving crosshead.  

As was suggested, testing to failure in shear was quoted in Newtons and 
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converted to MPa by dividing the value in Newton by the surface area of the 

molar tube base. 

On discussing the present study, it was found out that with Transbond 

XT primer Phosphoric acid group showed the statistically highest mean shear 

bond strength value (6.23 MPa), table1, Fig 20. This was in agreement with 

Johnston et al.(29) where they recorded a comparable mean shear bond strength 

value (6.98MPa ±3.15) in bonding orthodontic molar tubes to first molars using 

37% phosphoric acid.  On the other hand, there was no statistical difference 

between Laser and sandblasting; both showed significantly lower mean shear 

bond strength values (2.61MPa and 3.55MPa respectively).  These results were 

in agreement with Sargison et al.(50) who recorded (1.8MPa) for the sandblasted 

etched group, Canay et al.(10) recorded (2.7MPa) and Van Waveren Hogervorst 

et al.(55) who proved that the bond strength of the sandblasted group was 

significantly lower than that of acid etched group (1.6MPa). 

On the contrary when Ortho Solo Stick primer was used, sandblasted 

group showed the highest SBS (6.86 MPa).  Also, laser etched and phosphoric 

acid etched groups both showed a compatible SBS (4.53±1.25 MPa and 

4.44±2.16 MPa respectively), table 2 Fig 21, without any significant difference 

between them.  However, these results were within the clinically accepted range 

advocated to resist occlusal masticatory forces as proved by Reynold. (49) 

On comparing the shear bond strength between the six subgroups 

using the different etching techniques and primers, no significant difference was 

recorded between Phosphoric acid with Transbond XT primer and sandblasting 

with Solo stick primer.  Both showed the statistically significantly highest mean 

shear bond strength values (6.23 MPa and 6.86MPa) respectively.  Also, no 

significant difference was found between laser and phosphoric acid groups 

using both primers. These SBS values were significantly lower than those 
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recorded by Ozer et al.(46) where they recorded a mean shear bond strength for 

brackets bonded to Er:Cr;YSSG laser etched premolars (operated at 1 W or 2 W 

for 15 seconds) of 9.88MPa ± 4.43, and 11.14MPa ±4.75, respectively. This 

difference may be due to variation in adaptability between premolar brackets 

and molar tubes used in the discussed study. 

There were no significant difference between Phosphoric acid with Solo 

stick primer and Sandblasting with Transbond XT primer; both showed the 

statistically lowest mean shear bond strength values (4.44 MPa and 2.61MPa 

respectively) as shown in tables 1 and 2. These findings agreed with those of 

Canay et al.(10)  On the other hand, these SBS values disagreed with Chung et 

al.(14) who recorded SBS values of (7.5 MPa ±2.1) for the sandblasted group and 

(20.1MPa ±7.3) for the acid etched group.  These differences may be explained 

by the fact that their bracket bases were surface treated with the sandblasting 

handpiece in an attempt to increase the SBS, which was not performed in this 

study.    

Concerning the effect of each etching technique on the enamel 

surface and the site of bond failure, SEM investigation and Adhesive 

remnant index (ARI) were performed. 

Regarding the adhesive remnant index: With Transbond XT primer, 

there was no statistically significant difference between Phosphoric acid and 

sandblasting; both showed the statistically significantly highest mean values for 

ARI which indicated bracket/adhesive interface failure or great amount of 

adhesive remained on the enamel surface.  On the other hand, laser groups 

showed significantly lower mean value of ARI revealed less amount of adhesive 

remained on enamel surface.  In other words, the enamel/adhesive interface 

failure was the predominant in most of orthodontic molar tube specimens etched 
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with laser where the majority of the adhesive material remained on the bracket 

bases.    

The same results were recorded for the groups bonded with Solo stick 

primer, there was no statistically significant difference between Phosphoric 

acid and sandblasting; both showed the statistically significantly highest mean 

ARI.  While, laser showed significantly lower mean ARI.  This means that with 

laser etching technique less chair time is needed to clean the less adhesive left 

on enamel after debonding. 

Laser groups showed clinically acceptable SBS values (3.55MPa with 3M 

primer and 4.53MPa with Othro Solo Stick primer) and showed the statistically 

lowest values of ARI (0 ±0.48 with 3M primer and 1 ±0.47 with solo stick 

primer), table 4 and 5, figures 23 and 24 respectively.  A possible explanation 

for this result is that the bond between the tube and the adhesive system was 

higher than that between the adhesive and enamel surface.  This resulted in 

adhesive/enamel interface failure.  This was in contrary with Ozer et al.(46) who 

proved that generally, more adhesive was left on the enamel surface with laser 

irradiation. This could be considered as an advantage or may be a disadvantage 

as less chair time is needed with less adhesive remnants were left on enamel 

after debonding, but it may cause enamel fracture while debonding, especially 

with ceramic brackets.  

The effect of interactions between the different enamel etching 

techniques and both primers, on the ARI showed no statistically significant 

differences between Phosphoric acid and sandblasting etching with both 

primers; all showed the statistically highest mean ARI values (table 6, Fig 25) 

suggesting bracket/adhesive interface failure.   

Scanning Electron Microscopic study of the differently etched enamel 

surfaces was conducted to evaluate and compare the etching pattern or its 
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aggressiveness between the three groups.  Such evaluation was advocated by 

Sargison et al.(50), Canay et al.(10) , Van Waveren Hogervorst et al.(57), Chung 

et al.(15) , Zanet et al.(59)  This was carried out in order to find the etching 

technique that had the least deleterious effect on enamel surface.    

Regarding the laser etched group, SEM investigations showed the 

honeycomb-like appearance of laser-etched enamel, Fig 28, suggesting type I 

etching pattern that aided in the penetration of resin, as described by Ozer T. et 

al.(46) However with higher magnification there were micro cracks suggesting 

cutting in different planes which resulted from the laser successive etching 

points adjacent to each other, (Fig 29 and 31). This is the most favorable type of 

etching pattern according to Silverstone et al.(52)  This layer was completely 

rough with lack of smear layer,  that was in agreement with Hossain et al.(23) 

On the other hand, the sandblasting group showed confluence of 

prismatic and interprismatic structures, erosions and loss of the normal 

architecture of enamel surface suggesting type IV etching pattern (Fig 33 and 

35).  SEM images showed loss of interprismatic structure as proved by Chung 

et al.(15) which had the most deleterious effect on enamel surface. 

The phosphoric acid group showed focal loss of prismatic core material, 

while prism peripheries were relatively intact (Fig 36 and 37). While with 

higher magnification, showed preservation for the top of the keyhole and 

dissolution of its bottom as was advocated by Zanet et al.(59) and Cal-Neto et 

al.(9) suggesting type II etching pattern. 

Finally, SEM investigation had assured that the most deleterious effect 

on enamel surface was observed with sandblasting etching group, as some 

specimens showed an irregular surface due to tissue removal and marked loss of 

prismatic and interprismatic structures, with alternating micro porosities and 

globular deposits suggesting loss of enamel prisms as described by Silverstone 
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et al. (52)  On the contrary, the safest and least deleterious effect on enamel 

surface was observed with laser etching group where it showed the most 

favorable type of etching pattern, type I. 
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Summary:  

The present study was carried out to evaluate and compare the effect of 

three different enamel etching techniques (Laser, Sandblasting and Phosphoric 

acid) and two different bonding agents (Transbond XT and Ortho Solo stick 

primers) on the SBS of bondable molar tubes.  In addition, the effect of those 

different etching techniques on the buccal enamel surfaces were investigated by 

both the naked eye and the scanning electron microscope.   

A sample of sixty six sound human first molar teeth, freshly extracted for 

periodontal problems were collected, cleaned and mounted in acrylic blocks for 

shear bond strength testing.  

The total sample was equally divided into three main groups according to 

the etching technique used. Two out of each group were kept aside after 

performing the etching technique to be examined under scanning electron 

microscope.  Each group was furtherly subdivided into two sub groups of ten 

teeth each according to the type of the bond primer used (Transbond XT or 

Ortho Solo stick primer).  

After bonding of the metal orthodontic molar tubes with 3M composite to 

the differently etched and bonded enamel surfaces, all specimens were stored in 

distilled water at room temperature for 24 hours.  

Debonding forces in Newton using Instron testing machine were recorded 

and SBS in MPa were computed, recorded and statistically analyzed. 

Using a magnifying lens x10, the etched enamel surfaces of all specimens 

were examined after debonding to score the ARI.  In addition, the differently 

etched specimens (two from each group) were examined under scanning 

electron microscope to investigate the enamel surface and the etching pattern of 

each group. 
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The collected data were statistically analyzed for descriptive statistics as 

well as significance of differences among the different enamel etched groups.  

Conclusions:   

From the obtained results, the effect of variation in etching and primer 

techniques on the SBS and the enamel surface of molars after debonding of 

stainless steel molar tubes could be summarized as following:  

1. Regarding the effect on shear bond strength: 

 The 37% phosphoric acid subgroup bonded with Transbond XT 

primer and composite and the sandblasted subgroup with Ortho 

Solo Stick primer showed the statistically highest and clinically 

accepted SBS values.  

 Laser etched groups showed a lower shear bond strength however 

it was within the acceptable clinical range with Transbond XT 

primer and its composite. 

 Sandblasting subgroup bonded with Transbond XT primer and its 

composite showed the statistically lowest SBS values. 

 The use of Ortho Solo stick primer didn’t increase the shear bond 

strength significantly except with sandblasting etching group.  

2. Regarding the effect on enamel surfaces: 

A) Site of bond failure investigation showed:  

 The phosphoric acid and sandblasting etched groups showed 

the statistically highest ARI mean suggesting 

bracket/adhesive interface failure. 
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 Laser etched group showed the statistically lowest values of 

ARI mean which was higher with solo stick primer than 3M 

primer suggesting enamel/adhesive interface failure. 

B)  Scanning electron microscopic investigation showed:  

 Laser and conventional phosphoric acid etched groups 

revealed acid etch patterns I and II with intact enamel 

prisms which are favorable to enamel surface and allow 

rebonding procedures.  

 Sandblasting etched group recorded marked destructive 

effect on enamel surface, type IV etching pattern, which is 

unfavorable for rebonding procedures. 

  It is recommended to use the conventional acid etching technique or the 

Er:Cr;YSSG laser etched technique with either of the two primers for 

bonding of metal orthodontic molar tubes as these two techniques were 

found to have a clinically acceptable  bond strength with the safest effect 

on enamel surface.  This was on the contrary to the sandblasted system 

which had recorded a higher shear bond strength value but with had the 

most deleterious effect on enamel surface during etching.  

 

Recommendations:  

 Attentive methods other than etching techniques are recommended for 

study, as variation in base design and bondable molar tube materials in 

order to increase its SBS and decrease its deleterious effect on enamel 

surface. 
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ْختلفمْباستخدامْللضروسْاألسنانْتقويمْأنابيبْلتصاقاْقوةْمقارنة

ا:نيالمْسطحْعلىْوأثرهاْالميناْعلىْالتخشينْتقنيات  

 دراسةْمعملية

 

 رسالة

طب األسنانرجة الماجستير فى علوم دمقدمة كجزء من متطلبات   

)تقويم األسنان(   

 

 

 

 مقدمةْمنْالطبيبةْ

ْمنْهبةْهللاْيحييْعبدْالرح  

8002ريوس طب األسنان,بكالو  

 )جامعة عين شمس(

 

 

طب الفم واألسنانكلية    

 جامعة القاهرة 
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 المشرفون

بوْزيدْسليمانسناءْأْ/ةالدكتورْةاألستاذ  

تقويم األسنان استاذ  

 كلية طب الفم و األسنان

 جامعة القاهرة

 

هالةْمنيرْْ/ةالدكتورْةذاألستا  

تقويم األسنان استاذ   

األسنان كلية طب الفم و  

 جامعة القاهرة

 

 

املْالبطوطيْ/ط  

اإلشعاع وتكنولوجيا للبحوث القومي بالمركز محاضر  

هيئة الطاقة الذرية    

مصر ˓القاهرة    
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ْختلفمْباستخدامْللضروسْاألسنانْتقويمْأنابيبْلتصاقاْقوةْمقارنة

ا:نيالمْسطحْعلىْوأثرهاْالميناْعلىْالتخشينْتقنيات  

 دراسةْمعملية

 الرملي و  ˓ت هذه الدراسة لتقييم تأثير تقنيات مختلفة من تخشين سطح المينا بإستخدام الليزرأجري

علييى سييطح المينييا  كييذلل ولالنابيييب التقويمييية للضييروس الحمضييي المعتيياد علييى قييوة اإللتصييا  القصييي  

 . ميكروسكوب الماسح اإللكتروني بإستخدام ال

 وبعييد تنفييي  ل وييي  لمشيياك  حييدي ا   لييوعينمخبشييرو وال سضيير وسييتين سييتة ميين عينيية جميي  تييم

 .الضروس تم ت بيتها رأسياً فى كت  أكريلي  إلختبار قوة اإللتصا  القصي 

 

مي  . المسيتخدمة نيالتخشي لتقنيية وفقا رئيسية مجموعات ثالث إلى بالتساوي الكلية العينة تقسيم تم

 تم. الماسح اإللكتروني المجهر تحت صهافح ليتم التخشن تقنية تنفيذ بعد جانبا مجموعة ك  من اثنين عزل

 منشييم مييادة اإللتصييا  نييوع حسييب ضييروس عشييرة ميين فييرعيتين مجمييوعتين إلييىمجموعيية  كيي  تقسيييم

 .( (Transbond XT or Ortho Solo Stickالمستخدمة

 

التى سيبق تخشيينها بيالطر  ال الثي   المعدني  للتقويم على سطح مينا الضروس بعد لصق األنابيب

 .ساعة 82 لمدة الغرفة حرارة درجة في المقطر الماء في العينات جمي  تخزين تم ،المختلف 

 

م ثي  تبياط )بيالنيوتن(لية اخختبيار العالميية )اخنسيترون( فيى تسيجي  القيوة المفككية لالرإستعملت ا 

 .( و تدوينها و تحليلها إحصائياً سكال)بالميجاب للعينات ي القصب قوة اإللتصا  حسا
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ستخدام عدسية مكبيرة لمعرفية كميية ميادة اإللتصيا  عينات بعد ف  الربم بالل سطح المينا صفح تم

ً المتبقية وأ  بعيد تخشيينها و ذللي  تيم فحيص سيطح المينيا للعينيات المعزولي  )إثنيان مين كي  مجموعي ( يضيا

 .بإستخدام الميكروسكوب اإللكترونى الماسح

 

لمختلفي  لتخشيين سيطح المينيا و المنشيم لقلتصيا  عليى قيوة بتأثير التقنييات ا الخاصةبعد تحلي  البيانات  

قصي  لالنابيب احصيائيا وبعيد فحيص مينيا الضيروس بيالعين المجيردة و بالماسيح اخلكترونيى اإللتصا  ال

 :يمكن تلخيص النتائج فى النقاط التالية 

 :ي  القصفيما يتعلق بقوة اإللتصا   -2

 مييي  الالصيييق بمهيييي   %33ض الفوسيييفوري  ن بحميييخشييييسيييجلت المجميييوعتين الفيييرعيتين ذات الت

Transbond XT    والرملى مOrtho Solo .اعلى قيمة احصائية لقوة اخلتصا  و مقبولة عمليا 

 3 سجلت المجموعية الفرعيي  ذات التخشيين بيالليزرM  قصي إلتصيا  قيوة أقي  الالصيق مي(  يSBS) 

 .  عمليا مقبول نطا  ضمن كان ولكن

 بالسف  الرملي واللصيق ب  التخشين لمجموع  الفرعي  ذاتسجلت اPrimer Transbond XT   اقي

 .قيمة احصائية لقوة اخلتصا  القصية 

  استخدام أنوجد ( منشم الالصيقOrtho Solo stick )القصياإللتصيا   قيوة مين يزييد خ(  يSBS) 

 .الرملي بالسف  مجموع  ذات التخشينال م  إخ كبير بشك 

 

 المينا: فيما يتعلق بالتأثير على سطح -8

 من خالل الفحص بالعين المجردة ) عدس  مكبرة( : -أ

 والسف  الرمليي أعليى قيمي  احصيائي  لبقياء المياده الالصيق  عليى الحمضي  ينشأظهرت مجموعة التخ

 .(فش  اإللتصا  فى السطح الواق  بين األنبوب  و مادة اللصق ) سطح المينا



References 

 
 

65 

 والتيى  عليى سيطح المينيا المياده الالصيق  بقياءقيم  احصائي  ل بالليزر أدنى ينشأظهرت مجموعة التخ

الالصيق  عنهيا مي  اسيتخدام(  Ortho Solo Stickمنشيم الالصيق )اسيتخدام كانيت أعليى قيمية مي  

Transbond XT   ( قوة اإللتصا  فى السطح الواق  بين اللصق و المينامما ). 

 :ألسطح المينا المخرش  اإللكتروني الماسح الفحص باستخدام المجهر من خالل -ب

  مواشييير سييليم   ˓اظهييرت اسييطح المينييا ذات التخشييين بييالليزر و الحمييض التقليييدو

 من انماط التخشين ( و هى المفضل  للسماح بإعادة اللصق . 8˓2للمينا )نمم رقم 

 تأثير مدمر لسيطح المينيا )نميم  ˓بالسف  الرملى   اظهرت اسطح المينا ذات التخشين

 التخشين( .من انماط  2رقم 

 توصيات :

 ميين أي ميي  Er;Cr:YSSG)فوسييفوري  ( أو الليييزر ) % 33يوصييى بإسييتخدام التخشييين بالحييامض ) 

تقويمييي  علييى ال معدنيييةال نابيييبللصييق األ  Ortho Soloميي  منشييم أو  Transbond XTالالصييق 

ً عمل قبوخ األك ر اإللتصا  قوة لديهم وجدت ينتثناخ التقنيات هذه أن حيثالضروس   على اً تأثير سلماألو يا

إستخدام التخشين للسف  الرملى الذو كان ل  قوة لصق قصي  أعلى  من العكس على هذا وكان. المينا سطح

 التخشين. أثناء المينا سطح معفم على ضار تأثيرل   كان أيضا ولكن

 

يي  تقويمال لضيروسا نابييبأل ي القصي اإللتصيا  قيوة زيادة كيفية حول الدراسات من المزيد إجراءب ينصح

 .دون اإلضرار بسطح المينا من خالل بدائ  أخرو م   تغيير مادتها أو تصميم قاعدة األنابيب

 

 


