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Introduction

Introduction :

In fixed orthodontt treatment, bracketand tubesare used for
transferring orthodontic forces to the teeffhose attachments were welded to
cemented bands. Fifty years ago, idect bonding of brackets and other
attachments has become a common technique in fixed orthodogdatment
Orthodontists used tband teeth, especially molars and secpremolars, to
avoid the need farebondng accessories in these regiasfsheavy masticatory
forces However, it is a known fact that direct bonding saves chair time as it
doesnot require prior band selection and fittjias the ability to maintain good
oral hygiene,improve estheticand make easier attachment to crowded and
partially erupted teethMoreover, when the banding procedure is not performed
with utmost care it cadamage periodontalnd/or dental tisss. Molar tubes
bondingdecreasethe chance of decalcification caused by leakage beneath the
bands Since molar teeth are subjected tgh@r masticatory impact, especially
lower molars, t would be convenient toedise 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.

For achieving successful bonding, the bonding agerst penetrate the
enamel surface; have easy clinical use, dimensional stability and enough bond
strength. Different etching techniques were introducedit@ratureto increase
the bond strength which includes: conventional acid etching, sandblasting and
laser etchingechniques®!

The process of conventional acid etching technique was invdnted
(1955) as the surface of enamel has great potential for bundby
micromechanical retentipn t o f or m Ot h eThenpensaly &ffect c a |
of enamel etcimg is to increase the surface aredowever,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 microroeters
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the enamel surfaceThe purposef 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 irregularitiedfter polymerization, the
adhesive is lockeds proved byr. Bounocoreinto the surface and contributes

to micromechanical retentiof

Sandblasting was introduced in orthodontics in an attempt to achieve
proper etching dr the enamel surface which woutdsult in a be#r bond
strength through aluminum oxide particles that are emitted from a specific
hardpiece at a high speed which producaghness in enamel surfaces.

Another method of increasing bond strength is by using an adhesion
promoter. The expession ‘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 ofRadiation. The introduction of lasdras revolutionized the bonding
procedure. The first laser introduced was tiheliumneon laserfollowed by
Nd;YAG and COZ2laser Then the erbium famif§er;YAG and Er;,CyYSSQ
was introduced to dentistryt has somadvantages such as having no vilanati
or heatand producing a surface which is acid resisbgnaltering the calcium to
phosphor ratio antbrmation of less soluble compound$hesecharacteristics
make the erbium family mongopular in orthodonticdf laser can achieve the
abovementiored 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 thhave evaluated the effect of laser
etching on bond strgth, stillfurther studies are needed for evaluating the shear
bond strengtlof orthodonticmolar tubes bonded to enamel prepared by the new
Er;,Cr,YSSG laser sandblasting versus the conventional acid etching
technique®
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Review of literature

Review ofliteratur e:

Bonding to enmel has always been a challengeny etching techniques
have been tried in an attempt to fitide best and clinically acceptdmbnd
strength For the sake of clarity the review of literature will be presented under
the following topics

A. Different enamel etching techniques:
1. Conventional acidtching.
2. Sandblasting etching.
3. Laser etching.
B. Ortho solostick primer.
C. The effect of differenétching technigueon enamel surfadirough
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 surface€hanges in the surface due to acid
treatment include the gross removakaiear layer, an increase in permeability,
micro porosity and chemical modificahs of the surface compositionThe
acid etch technique relies on the micro mechanical retention obtained on the
enamel surface by an acidic etchant and subsequent pemethioblend of
polymerizable monomers into the interprismafaces to form enamel resin
tags.

Reynold (1975)° 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 hgported that
maximumbond strength of 5.9 to 7 MPa would be adequate to resist treatment
forcesbut added that in vitrievels of 4AMPa has proved clinically acceptable.

Fusayama et al (1979)° introduced t he concept o f
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 yeaf1989) Legler et al?* investigated the effects of
phosphoric acid concentration and duration of etching on the shear bond
strength of an orthodhdic bonding resin to enamel. In this studgnamel
surfaces were etched by 37% phosphoric acid solution for3@5and 60
seconds respectively. h& results showed that phosphoric acid concentration
had no significant effe on the shear bond strength. Howevtke duration of
etching affected the slar bond strength significantly

Wang and Lu (1991¥’ tested énsile bondstrengths of an orthodontic
resin cemenivhichwere compared for 2530, 60-, 90, or 12Gsecond etching
times, with a 37% phosphoric acid solution on the enamel surfaces of young
permanent teeth. An orthodonticresin was used to bond the bracket diyec
onto the buccal surface of the enamé&he tensile bond strengths were tested
with an Instron machine.They found thatd achieve good retentipra 15
second etching time is suggested for teenage orthodontic patemiscrease
enamel loss, and teeduce moisture contamination in the clinic, as well as to
save chair side time. In thgroup 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) examined methods to improve the
bond strength of two light cured composites used in the direct bonding o
orthodontic brackets to molaResults indicated that the chemigaoperties of
the two light activaté adhesives were impved bycuring a thin layer of resin
on the mesh base of the bracketobe routine bonding procedurdde found
out that chemical cured compositained the highest bonstrength. Light
Bond and Fuji Ortho LC, when using an aefthing technique, obtaéd bond
strengthsthat were within the range of estimated bond strength values for
successful clinical bonding

In (1997),Reisner et al*® examinedour methods of enamel preparation
before orthodontic dnding that are used currenthiere investigatedlhe study
consisted of two partsPart one evaluated tleughness of the prepared enamel
surfaces by using optical profilometry and scanning electrocroscopy
(SEM). Part two compared the debonding force for the prepared enamel
surfaces bysing a mecanical testing machineThe teeth wre divided into
four groups adollows: In groupA, the surfaces were only sandblasteth
group B, the surfaces were sandblasted and acid etchedyroup C, the
surfaces were buffed with an 1172 fluted bur and atitied. In group D, the
surfaes were pumiced and acid etch&tere was no statistical difference in
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surface roughnessmong the four groupsnor was there any statistical
difference in bond strength amorige three groups that were acid etched.
However there was a significant difference in bostlength between these
groups and the group that received only sandblasting (no acid etchirgy
concluded thatsandblasting does not appeardamage the enamel surface and
can therefore be used as a stutiose for polishing with pumice.It should be
followed by acid etching to produce enamel surfasth comparable bond
strengths.

Johnstonet al. (1998¥° evaluated the effect of eticiy time on the shear
bond strength obtained when bonding to the buecamel of first molar teeth.
Recently extracted first molar teeth were etched with 37 per cent phosphoric
acid gel for 15, 30 and 60 secondBreformed cylinders afoncisecomposite
resin were then bonded to the buccal surfaces of the molar #f#r. storage
in water for 24 hours at 37°C, the specimens were debonded in a direction
parallel to the buccal surfacé&xamination of the shear bond strengths showed
significant differences in shear bond strength betw&5 and 30 secon@sd
between 15 ah 60 seconds The results indicate that, despite current
recommendations of a 4&econd 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 molar#\ further increase in etching time to 60 seconds
produces no significant increase in bond strength.

Arnold et al. (2002f measured the shear bond strength of stainless steel
bracket bonded to enamel in vitro with a recently develgadfeetchingprimer.
Forty-eight extracted human teeth were obtained and randomly divided into four
groups: in the control groupnamel surface treatment was carried out using
phosphoric acid etching ardseparate primerEtching with selfetching primer
was performed in the other #e experimental gr@s with different etching
times 15 seonds 2 minutes and 10 minuted.ight cured composite was used
for all of the four groups for baling stainless steel brackets. They himuand
out that there was no significant difference in llo&d strength among the four
groups. They also proved that a 10 minute delay in bonding after application of
the selfetching primer mighhot be deleterious to adhesion

In the same yea(2002) El bokle and Abdel Ghany® compared the
shear bond stretig of stainless steel brackets bonded by phosphoric acid versus
self-etching primer. Moreover, the enamel surface after debonding was
examined via scanning electron microscopéirty extracted human premolars
were divided into 3 groups: the first grougsvetched by 37% pkphoric acid
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then a sealarand light cured composite was used for bondihg.the second
group a selfetching primer was applied and brackets were boné@dlowing
debonding, premolars in the selfching primer group were rebdedwith new
brackets using the seditching 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 strenigthreover, there was no
significantdifference between the seadfching 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! compare the mean bonding time, mean shear
bond strength and measurvival time of stainless steel brackets with a micro
etched base bonded with a lighire composite using a s&lfching primer
(SEP) or a conventional twstage etch and prime systerkighty premolars
were collectedwo groups were formed: Group 10 8eth (15 maxillary and 15
mandibularpremolars) were bonded using the SEBroup 2: 30 teeth (15
maxillary and 15 mandibulgremolars) andbonded with the conventional two
stagesetch and prime systenBracketswere bonded tgremolarsin both
groupswith each bonding systenkor the survival time study, another two
groups wereformed (eachgroup formed of 10 teethiere bonded with the
conventional two stage etch and prime systé€he bonding time was recorded
for each specimen using a stopwatdtey found out thattie mean shear bond
strength of the brackets bonded with the SEP was significantly less than those
bonded with a conventional twsiage etch and prime systefihere was no
difference in survival time of brackets bonded by each bondingrayst

Lopes et al. (2004¥° compared the shear bond strength (SBS) to enamel
of five selfetching primer/adhesive systems and one -&liE onebottle
adhesive system. Sixty freshly extracted bovine incisors were mounted,
assigned to six groups (n=10): pet Prompt SelEtch (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-&ttl system (control).
The respective hybrid composite was applied in a gelatin ca@nd light
cured. After B0 thermal cycles (5°65°C). They concluded that onCleafil
bond showed similar enamel SB®mpared to e totaletch system tested
(single bond).

Karam (2006¥° evaluated the shear bonttemgth of three types of
bondablemolar tubes with different retentive means on their bases (fine mesh,
small beads, grooves with laser etching) using twemno orthodontic
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adhesives, and to determine the predominant site of bond faliaeentytwo
sound human lower third molars werellected 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 adéige used.The failure site was detmined:
cohesive failure was predominant for molar tubes with fine mesh and for molar
tubes with small beads with both adhesives, while adhesivasel failure was
predominant with molar tubes with grooves and laser etching with both
adhesives used, fitha enamel detachment was common for molar tubes with
grooves and laserdating with both adhesive typeBhere was a strong positive
correlation between shear bond strength and the site of bond failure.

Vercelino et al. (2011} compareda sample of40 mardibular third
molars which wereandomly divided into two groups: Group- Conventional
direct bonding, followed by the application of a layer of resin to the occlusal
surfaces of the tube/tooth interface, and GrodgC2nventional direct bonding.
Shar bond strength was tested 24 hours after bonding with the aid of a
universal testing machine operating at a speed of 0.5mm/itie. shear bond
strength test showed thaGroup 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. Sandblastingetching technique:

Air abrasion (sandblasting) dates back to the 494Mas been batved
that sandblasting removesnfavolble oxides, cotaminants and increases
surfaceroughness, #reby increasing surface enemgyd bonding sdiace area
Several authors have irmendently reportedhat sandblasting bracket bases
greatly increasetheir retentivesurface which produces a sigo#intreduction
in the probability of failure relative to thensandblasted samplbey Newman
el al. 1995,

In (1999)Sargison et ak® compared the mean shear debonding force and
mode of bond failure of metallic brackets bonded to sandblasteacahetched
enamel The buccal surfaces of 30 extracted human premolars were sandblasted
for 5 seconds with 50 p alumina and the buccal surfatasfurther 30 human
premolars were etched with 37 per cent phosphoric acid feseddnds Their
results showed that: theean shear debonding force was significantly lower for
brackets bonded to sandblasted enamel comptredcid etched enamel
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Weibul 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 adhesiat the emael/composite interface

Canay et al (2000)° testedthe conventional acidtch technique with an
air abrasiorsurface preparation techniquEighty freshly extracted necarious
human premolar teeth were randordiyided into the followig 4 groups: (1)
acid etched with 37% phosptmacid for 15 second®) sandblasted with 50 p
aluminumoxide by amicro etchern(3) polished with pumice followed by acid
etched with 37% phosphoric acfdr 15 seconds, (4) sandblasted with 50 p
aluminum oxie by a microetcher followed by acid etched v8#?6 phosphoric
acid for 15 secondsAll the groups had stainés steel bracketsonded to the
buccal surface of each tdotwith nomix adhesive They concluded that
sandblasting followed by acidtching graip had significantly higher bond
strength values when compared to the other 3 grotipss study showed that
sandblasting should be followed by acid etchingproduce enamel surfaces
with comparablebondstrength. Enamelsurface preparation using saratiing
with a microetcher alone resultssignificantly lower bond strength and should
not be advocated falinical use as an enamel conditioner.

Furthermore in(2000) Van Waveren Hogervorst et al>® compare the
shear bond strength of different predorg and bonding method¥=namel loss
was determined for 2 enamabnditioning methods: acid etching with 37%
phosphoric acidand sandblasting with 50 micraduminum oxide particles
under different condition Forty-two bovine teeth we divided into 7groups
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 measurementsor bonding, 1 resin and 1 glass ionomer cement
were evaluatedpr prebonding, a sandblaster, 2 different polyacrylic acids and
phosphoric acid were tested&eventy bovine teeth werdivided into 7 groups
and the stored in water for 24 hour3.he results showed that the bond strength
of the sandblasted groups wagnificantly lower than that of the etching
groups.This indicates that sandblasting is not an alternative for theetdihg
technique currently used in orthodontic practice.

Chung et al. (2001)° examined the effect of surface treatment with
sandblating on bracket bonding strengtliextracted human tooth, base metal
alloy and porcelain surfaces were treated with sandblastifige bracket
bonding strengths of sandblasted surfaces were evaluated and compared with
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the controls and etched enamel susfac Morphological observation of the
treatment surfaces and the fagdusites was conductedResultsindicated that
there wereno statisticly significant differencesletermined among the etched
enamel, sandblasted metal and sandétapbrcelain surfas Most debonding
specimens failed at either the rd@sooth inteface or within he adhesive.It

was concludedhat sandblasting the metal and porcelain surfaces obtained
bracketbord strength comparable with that of teehed enamel surface.

Ozer and Arici (2005)° evaluaté the effects of sandblasting metal
brackets ortheir clinical performance when resmo di y e d , chemical
glass ionomer cement was usedidonding. A total of 60 patients with a range
of malocclusions were allocated randgrmto two groups. F o r t he yr s
cases, teeth were divided into quadrants so that sandblastedbaseshmetal
brackets(SB) were bonded directly to the upper left and lower right quadrants
using the resimo d i y e d iongniem sement. The meskbased (no
sandblasting) brackets bonded to the other quadrants with theasHrasive
were used as control (COA split-mouth design was used, and the allocation
of the brackets peguadrant was reversed for the second 30 c&Sasdblasting
of the bracket &ses was accomplished us2ggmm aluminum oxide particles
for three secondsThe manuf acturer 6s | nondingucti or
The number, site, rmd d at e-time® bracketr failires were monitored
throughout active orthodontic treatment, and the observation time was 20
months. Resultsshowed hatbond failure rates were 4.9% and 4.8%the SB
and CO brackets, respectiveljo statisticallysigi ycant di fferenc
between thgroups for failure ratesThe bond failure sites were predominantly
at the enamehdhesive interface in botlgroups. They concluded that:
Sandblasting did not have a positive effect on the clinical performantte of
meshbased metabrackets when bonded with resmo di yed gl ass i
cement.

In (2009) Mehdi et aF’ studied the effect of air abrasion on surface
enamel ultrastructure as well as the depth of micro indentations créied.
buccal surfaces of dieen recently extractadeth, whichwere divided into 2
groups:The surfaces of t he t @aanechwitodn t he
abrasive disc and then polishetth a rubber tip. The surfaces of the teeth of
the second groupvere not adjusted in any waThe surfaces of thievo groups
were subjected to air abrasion with a
particles Results showedhat: by suitably choosing the parameters of
sandblasting (pressure, time and quantity of powder), enamel loss isth@amer
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with theacid-etch procedure and the surface of the enamel seems less affected.
However thebond strength remains superior to the values required for
treatment. The presentedesults indicate that enamelndblasting can be
considered as an alternat for the acidetching technique currently used in
orthodontic practice because it creasess f y ci en't strength an
thickness better.

Halpern andRouleau (2010¥? determiné the method of preparation of
enamel which best retains a bonded orthodontic bracket against a shear force.
Two hundred and twelve human lower premolars warelomly divided into
four equal groups. Group 1 underwent no air abrasion, group 2 received
treatment with 25 em aluminium oxi de
and group 4 wi tAlgraupOwere treatpdavithtaisaichiag .
primer beforebonding of an orthodontic brackefThey havefound out that:

There was no statistically significant difference between groups 1 and 2. There
was, however, a statistically significant difference between groups 1.amd 3
addition, there was significant difference fond between groups 2 and 3,
groups 2 and 4and groups 3 and 4

Nandini et al. (2011§° determined the mean shearhtmding force of
metal brackets following enamel preparation with acid etching alone or
sandblasting or a combiman of sandblasting and acid etchingEighty
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 conusingit both.
They have found out thahé 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 stngth on debonding was found in the sandblasted group

In (2012) Mati et al*® evaluaté 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 linguanehaising a selétching
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 t h  @l0minenmoxides 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 imdictiat there was

more residual adhesive remaining on the teeth that were treated by sandblasting
than on the teeth witimtact enamel. Besides, there wasstatistical 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 athét the SEP provides the same SBS on buccal
and lingual intact surfaces.

In the same yeaf2012) Escalonaet all’ have included three types of
breckets with a contact surface area of 11.16, 8.85 and 6188 (2)
respectively. These bracketsombined with aandblastingreatmentvere used
with two different types of abrasive particles, alumiad (2)O(3)) and silicon
carbide (SiC) and appliea thaturakeethin vitro. The abrasive particles used
are biecompatible and usually used in achieving increased roughness for
improved adherence in biomedical materi&landblastingvas performed at 2
bars for 2 s; three particle sizes were used: 80,&260d 6 0 0 -bkasted No n
samples were ude as control. Each of the bracketgas cemented to
naturalteethwith a selfcuring compose. Brackets treated with sandblasted
particles were measured to have an increased adhesion as compared to the
control samp. They have found out thathe highest bond m@ngth was
measured for samplesandbl asted with alumina pat
combined with micremilled brackes.

3. Low level laseretching (Er:Cr;YSGG) :

Laser was introducetbr the first timeafter the pioneering theoretical
work of three scientistsvho won the Nobel Prize for science in that yedhe
first heliumneon lasewas inventedn (1961)by Javan et al?® The ability of
laser irradiation to remove the smear layer has been reported. Wiy
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 Ill etching pattern produced by orthophosphoric
acid. The recrysllization 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 increasedherefore; laser etchjnmay be a feasible method
of etching enamel.

In (1975) Zharikov et al®® discoveredwo Erbium laser systemshich
are preferredn dentistry: first, the Erbium: YAG l&s and second, the Erbium,
chromium: YSGG lase In general, Erbium lasers are ercitby flash lamps.
This implies that these lasers cannot run in continrwgase mode due to the
long lifetime of the lower laser leveln pulsed mode, however, Erbium lasers
can be operated up to a pulse repetition rate of 40 Hz and average pb2@rs
W at pulse energies of JHowever, not enough evidence is found oneffect
of ErCr.:YSGG laser in orthodontidoonding of bracketsand further
investigations is needeon this type of laser

Jamjoun et al. (1995¥" examinedhe tensile bond strengtli composite
resin to acid and laseretched enamelnd the topographical differences
between the surfaces were evaluated using the scanning electron microscope.
The laser used was a pulsed-MAG laser at 10 pulses per secorithe results
obtained indiceed that the bond strength of laseiched enamel was
significantly lower than that of acidtched enamelin this study the difference
may beattributable to the type of compositsed. Variations in the rate of
traverse of the laser tip across the acef did not appear to produce significant
alterations in the bond strength.

In (2000)Talbot et al.>® evaluated the effects of argon laser irradiation on
bond strength at 3 different laser energies (200, 280,300 mW) and at three
unique time points oflaser application (before, during, or after bracket
placement).One hundredifty human posterior teeth were divided into 9 study
groups and 1 control groupAfter debonding, the adhesive remnant index was
scored for each tooth. There was no evidencanoéffect of energy leel on
bond strength,or of an interaction between timing of bratkdacement and
energy level When combining data across energy levels, the mean bond
strength was significantly different between all adket placement groupsn
addition, the mean bond strength of teeth lased after bonding was significantly
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higherthan the control groupThere were no statistically significant differences
between adhesive remnant index scores among the 10 grdugsng the
enamel before or &dr bonding does not adversely affect bond strenghée 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 dasmalization.

Lee et al. (200373 compared the bracket bond strengths after acid
etching, laser ablation, acid etching followed by laser ablation, and laser
ablation followed by acid etchingrorty specimens were randomly assigned to
one of the four gragos. 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 treatmeAfier the bond test, all
specimens were inspected under the digital stei@ostope and SEM to
record the bond failure mode. Studentedt results showed that the mean bond
strength (13.0 £ 2.4 N) of the laser group was not significantly different from
that of the acieetched group (11.8 £ 1.8 N). However, it was significantly
higher than that of the acetched then laseablated group (10.4 £ 1.4 N) and
that of the laseablated then actdtched group (9.1 = 1.8 N). The failure modes
occurred predominantly at the brackesin interfaceThereforeEr:YAG laser
ablation consumd less time compared with the aeithing technique.
Therefore, Er:-YAG laser ablation can be an alternative tool to conventional acid
etching.

Ozer et al. (2008¥° tested the shear bond strength, surface characteristics,
and fracture mode of bracketsathare bonded to enamekcked with
Er,Cr.YSGGlaser 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 tootelenaach
group for bonding: irradiation for 15 seconds with a 0N Er,Cr:YSGG laser;
irradiation for 15 seconds with a V8 Er,Cr.YSGG laser; etching with 37%
phosphoric acid; application of a seliching primer. After surface preparation,
standard dgewise 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 indexes were recordedResults
showed that Irradiation with the O-X8 laser produced lower shear bond
strengths than the other method<o statistically significant differences were
found between 18V laser irradiation, phosphoracid etching, and self
etching primer. Adhesive remnant scores were compared with thesqnare

test, and statistically significant differences were found between all groups;
when the 0.78N laser irradiation group was excluded, no statistically
significant differences werebserved. They have concluded thahé¢ 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* examinedthe effe¢ 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 ec8ds All
specimens were prepared for a standard shear bwadgth §BS) test (1
mm/min).shear bond strengtfor E40s was significantly higher than E60s
(p=0.023). No difference wasated between the dentin groups.

In the same yea2010) Yun et al.>® assessd the efficiency of bonithg
with Er,Cr:.YSGG laser etching combined with the conventional etching
technique. Sixtyfour sound premolars, extracted for orthodontic purposes, were
randomly divided into 4 groups and treated in the following manrfarst
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, convewinal etching followed by 1.5 W laser etching;
fourth group, 1.5 W laser etching for 15 seconds oiilgey assessed the shear
bond strength, the surface characteristics, and the adhesive renteanscores
between all groupsThey have found outhat Exgerimental groups showed
higher shear bond strength than the control group. But no statistically significant
differences were found between the second third groups. Therefore, ¢
obtain maximum shear bonding strength, a combined techoidteCr:YSGG
and 37% phosphoric acid is useful even though it may be inconvenient.

14



Review of literature

Furthermore in(2010) B a Kk a retaah® investigatedthe shear bond
strength of bonding to enamel following laser etching with the Er:YAG or
Er,Cr:YSGG laser using ddrent irradiation gstances. Ninety nineextracted
human premolar teeth, 90 were divided equally into nine groumpthe control
group (group A) the teeth were etched with 38% phosphoric dnithe laser
groups (groups B) the enamel surface of the teeth was lasadiated, groups
B-E with the Er:YAG laser and groups|Fwith the Er,Cr:YSGG laser at
distances of 1, 24 and 6 mm, respectivelyAs a result:The mean shear bond
strengths and enamel surface etching obtained with the Er:YAG laser at 1 and 2
mm and the ECr:YSGG laser at 1 mm were comparable to that obtained with
acid etching.

Jamenis et al.(2011¥° evaluated and compared the shear bond strength
between the bracket and acid etched enamel, enamel treated witlketcelf
primer and laser irradiated endnamd to analyze the interface of the enamel
bracket bond.Around 60 norcarious human premolars were divided randomly
into three groups each of 20 and etched using 37% phosphoric acietckelf
primer and Er:-YAG laser . t8inless steel brackets were rihbonded using
transbond XTcompositefollowing which all the samples were store in distilled
water @ room temperature for 24 hour3har 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 lagr compared to se#tch primer

Furthermore n (2011) Chang et al? investigated the influence of
different laser scanning patterns on the adhesive strength of laseatadad
enamel surfaces both with and wath 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 bondifmge
overlap betwen 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 ovap between adjacent laser spots did not
significantly influence the bond strength with post ablation acid etchirge
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bond strength was significantly higher without acid etching with retention holes
spaced 25um apart.

Hosseini et al. (2012%* compare shear bond strengtf{SBS) of
orthodontic brackets bonded to enamel prepared by Er:YAG lasertwith
different powes and conventional aciekching. Fortyfive human prenolars
extracted for orthodontic purpose and were divided into 3 gro@sup *
conventional etching with 37% phosphoric acid; Groupir2adiation with
Er:YAG laser at 1 W; and Group- &radiation with Er:YAG laser at 1\W
Metal brackets were bonded on prepared enamel using acligaticomposite.

All groups were subjected to thertyoling process. They found out thathe
mean SBS obtained with an Er:YAGser 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 bed=yesl

to find the appropriate parameters for applying Er:YAG laser as a favorable
alternative for surface conditioning.

Turkéz C et al. (201294 examined Ninetyone human premolasmshich
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 selfetching 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 conditied by Er:YAG laser and etched with 35%
phosphoric acid geh 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 gro@pe tooh from each group
was inspected by scanning electron microscope for evaluating the enamel
surface charaetistics. They found out thatser and acid etched group showed
the highest mean shear bond strength (SBS) value (13.61 = 1.14 MPathehile
sandblated group yielded &hlowest value (3.12 + 0.61 MPa hey concluded
thatalthoughthe SBS values were higher, the teeth in laser conditioned groups
were highly damagedTherefore, acid etching and seliching techniques were
found to be safer for ortldontic bracket bonding.Sandblasting method was
found to generate inadequate bonding strength.
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In (2012) Raji et al¥’ tested fourty eight premolars, extracted for
orthodontic purposewhich were randomly divided in to three group$hirty-
two teeth wereexposed to laser energy for 25 seconds: 16 teeth at 100 mj
setting and 16 teeth at 150 mj settin§ixteen teeth were etched with 37%
phosphoric acid. The shear bond strength of bonded brackets with the
Transbond XT adhesive system was measured witEwhek 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)lrradiation with 100 mj resulted in mean bond strengths o
9.05 = 3.16 MPa, which was significantly less thlaat of acidetching 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
adhesivé enamel mterface and is not safe for enamel during debonding.

B-Ortho Solo stick primer:

Chung et al.(2000)* evaluated th effects of 2 adhesion promoters
Enhance LC (Reliance, Itasca, Ill) and-Blbnd 2 (Bisco, Schaumburg, Ill), on
the shear bond strength oéw 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 ghages
on the 2 adhesion promotaused: (1) new brackets/myomoter(2) rebonded
brackets/no promotdB) new brackets/Enhance (4) rebonded brackets/Enhance
(5) new brackets/AlBond (6) rebonded brackets/Allond. Theyconcluded
that in the process of replacing a failed bracket, (1) when new brackets are used,
neither All-Bond 2 norEnhance LC improvebond strength significantly, and
without the use of any adhesion booster, sandblasted rebonded brackets yield
significantly less bondtrength than new brackets. Howeverhance LC fails
to increase bond strengthf sandblasted rebonded brackets, arldBaond 2
significantly increases bond strengthsahdblasted rebonded brackets.

Chalgren et al. (2007)!! determined the shear bond strength to enamel
and adhesive remaining on the teeth with various enamel and bracket
preparation procedureble examineddamon 3 orthodontic brackets (Ormco,
Orange, Calif), combining a sdlfjating bracket with a compdsi bracket pad
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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
etchng 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. Theyconcluded thatself-etching primer, gel etchant, and liquid etchant
produce equal and suffent bond strengths. Furthermore, application of primer

to the bracket pad does not improve bond strength.

Furthemore, inNoble et al.(2008)* determined the success of bracket
retention using an adhesion promoter with and without the additional
microabrasion of enamelFifty-two teeth with severe dental fluorosis were
bonded in vivo using a spiiouth 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 suctidrhirty-seven percent phosphoric acid was
then applied to the enamel, washed and dried, and followed by placement of
Scotchbond Multipurposeplus Bonding Adhesive. Finally, precoated 3M
Unitek Victory brackets were placed and light cured. The remaingth teere
bonded using the same protocol but without microabra$ioey 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 abraen step.

Mohammed M. (2010¥® 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 noixadhesive+ adhesion promoteSixty four human
flourosed premolar teeth were usedHe concluded that enamel fluorosis
significantly decreased the shear bond strength of metal brackets while had no
significant eféct on that of ceramic bracketsAlso, 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 technigueson enamel
surface through scanning electron microscope:

SEM offers a unique visualization of surface of a wgrief biological
specimensThis is themost useful for imaging SEM include the secondary
electrons which are generated at the points wherdo&fam interacts with the
sample and subsequently attracted to a detector composed of grid held at a low
50eV positive potential, a scintillator and photomultiplier tulide number of
secondary electrons is dependent upon atomic identity, topograplsaanude
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 bidogical specimens.Accordingly, the use of this tool Wiadd
valuable information to surfaahanges.

Silverstone et al.(1975%2 described and classified fitgpes of etching
patterns. Type |: had enamel prism cores preferentially removed, giving
honeycomb like appearance. It is the most favorable typ&bing 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 lll: 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?’ examine the effect of NdYAG laser
radigion on enameland to compare theffect of tensile bond strength of
composite resin to las@tched enamel witthat achieved by acid etching ngi
scanning electron microscap&hey found out that the acid etched enamel
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surfaceshowed a cobblestone appaace whichthe surface changes seen in the
laseretchecgnamel are neaniform and result in aoughened surfaceUnlike
the acidetched enamel the lasestched enamel demonstrated porosity
forming bubbe like or fish scale appearance

Van Waveren Hogervorst et al.(2000f° quantified the surface enamel
loss that results when an-aorasive technique is use@he results shoad that
the enamel loss associated with sandblasting is equal to or smaller than that
resulting from acid etching

Chung et al. (2001)° examined the effect of surface treatment with
sandblasting on bracket bonding strength and their surface characteristics using
scanning microscopic examinatioffhey found out that the sandblasted tooth
surfaces had a frosted appearance vath irregular texture and multiple
undercuts were observed.

In the same yeg2001) Hossain et at* compared the surface roughness
of enamel following the Er,Cr:YSSG laser irradiation and acid etching using
scanning electron microscopdét was found thatsurface roughness was
significantly increased with the laser systerBcanning 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 andMiguel (2006% analyzed the effect of a sadfching 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 @len microscopy (SEM).Thirty premolars
were divided in two groups of 15 each: group 1(condrgdhosphoric acid 1
Transbond XT Primer and group Zransbond Plus SEP.Transbond XT
Adhesive Paste was used in both groups for bracketibg. All products \ere
used acording to the man uwerdat fragmeets Wese i n s
decalcified to observe the adhesive penetration interhenel;specimens were
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mounted with brackets in epoxy resin and submitted to demineralization cycles,

which promoted conipte dissolution of the dental structureShe specimens

were placed on aluminum stubs, resin replicas remnant at brackets base were
sputtercoated with gold and evaluated under a scanning electron microscope.

The results demonstrated that the -s¢thing 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 yeaf2006) Shinhora et aP! analyzed the ehing pattern
(EP) of nine SES in comparison with 35% and 34% phosphoric acid etchants on
intact and ground enamel surfadéhe 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 areasThe predominant etching pattern was type 2, which has the
peripheral region of prisms removed andpr cores relatively unaffected’he
unground enamel treated with phosphoaicids also showed formation of a
porous surface, exhibiting the exposed enamel crystallites along the entire
surfaceHowever;the etching pattern was not uniform throughout the surfaces.
Some areas showed little etching effects, whereas other aredsteskhi
extensive demineralization.

Furthermore n (2006) Zanetet al>® analyzed the microstructure of
enamel surface after etching with 37% phosphoric acid or with twaeetziing
primers, norinse conditioner (NRC) and Clearfii 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: thedeal surface was etched with CSEB for 20
seconds. Teeth from Group 1 were rinsed with water; teeth from all groups
were airdried for 15 seconds.After that, all specimens were processed for
scanning electron microscopy and analyzed. The results staweper 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. (2008Y° tested the surface charactadstof enameletched
with Er,Cr:YSGGlaser operated at different pewoutputs: 0.5 W, 1 W, and 2
W and compared it with coewntional acid etching techniquéhey found out
that the acid etching technique produedstpe Il acidetchedpattern, with the
regular rough st@iaceandspaces The laser etched surface with 2W irradiation
producedtype Il acidetchingpatternsimilar to that produced by acetching,
whereas al-W laser irradiation produced mnore preferredype | etching
pattern A honeycomHike appearance was seen with -&\1laserirradiation.
The laserablated surfaces were accomparbgdhe appearance of microcracks
that aidthe penetration of resin.

Obeidi et al. (2009)® examined the formationf superficial tiny flakes
on teeth prepad by Erbium laserslt has been suggested that removing this
layer (mechanically or chemically) may increase the bond strength of the resin
composite. SEM evaluation showed predominantly cohesive failuwithin
the limits of this study, etching timeigsificantly influenced the SBS of
composite resin to las@repared enamel. SEM showed subsurface cracks,
fissures, and deformities leading to predominantly cohesive failure in both
enamel and dentin.

In (2010) Bax a r a n.° irvedigatet the effect obonding to enamel
following laser etching with the Er:YAG or Er,Cr:YSGG laser usindedént
irradiation distancesNinety nineextracted human premolar teetiere divided
equally into nine groupsin the control group (group A) the teeth were etched
with 38% phosphoric acidin the laser groups (groupsiBthe enamel surface
of the teeth was lasé@mradiated, groups Bt with the Er:YAG laser and groups
F-1 with the Er,Cr:YSGG laser at distances of 1, 2, 4 and 6 mm, respectively
They have found outhat he 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 .
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Aim of the study:

The purpose of this studyasto:

1. Determine the éect of sandblasting and laser irradiation of enamel on
the bondstrength of molar tubes antbmpare thenwith that of the
conventional etching technique.

2. Evaluate andcompare the effect afhe adhesion promotgsolo stick
primern on the bond strength omolar tubes in replacement of
conventional primer

3. Sudy the changesnoenamel surfaceof every etching technique through
thenaked eye andcanning electromicroscope.
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M aterials and Methods:

1-Materi als:

1-Sampleselection:

A total of gxty six human first molar teethfreshly extracted for
periodontal reasons wereollected from the outpatient clinic of Dental
Educational lspital Cairo Universityto be used in the present invgstion.

Criteriaof sample selection:

1 The molar teeth werselected free of cariesiypoplasia, macroscopic
cracks or abrasionson the buccal surfaceas assessed byisual
examination.

1 The age of patients was between 30 and 50 years.

1 The teeth were stored in salifer a maximum of 1 month to prevent
bacterial growtland mimic oral conditions

2-The bondable metal molar tubes

Standardedgewise stainless stdest molar tubes were used for this

study.

Fig. 1: standard edgewis®mndablels molar tubes

*Ormco Co.,USA
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3-Orthodontic adhesive system

No mix light curedorthodonticadhesivewith its bonding gent * fig 2 was
used for molar tubes bonding.

Fig. 2: Bond brush, Transbond Xdrimer and composite

4-Adhesion Promoter:

Ortho Solo stick primet* , which is a material ugeto enhance the bond

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

Fig. 3: Ortho Solo stick primeand its bonding brush

*3M Unitek Composite Co, USA

** Ormco ortho soloUSA
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5-The visible light cure machine

Light emitting diode curinginit* was used for compositeiring.

6-Universal etching solution

Conventional 37%hosphoric acid etch*{fig 4) was used.

P o e OO O UL
A G L S OO L
fieiLe i

n

Fig. 4. 37% phosphoric acid syringe.

7-low level laser etchingnachine

Er: Cr; YSSG low level lasemachine*** (fig 5) was used

Fig. 5: waterlasdow level lasemachine

*LED, V light curing unit Japan
** Ormco Co, USA
*** preented by Waterlase, BioLase Technology, 18an Clemente, C&lobe

company,USA.
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The laser machine hasthe following range of parameters

Wavel engt h ¢ &é¥SG6,R7780 nm
Power éeééééeeéé. . 0.1to 8.0 W
Pul se repeti tlDOBIn r ates éééb
Pulsceer gy ¢€eéé-€0mJ . 0

Laser classification ééé. 4
Operating vol-230A€ €é€éé. . 100

By changing the power outpuwtith the pulse repetition ratehe pulse

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

surface)and hence bynicreasing the optt the cutting efficiency increases.

8-Sandblasting etching

Sandblasting etching harece*, Fig 6 was used in this study

Fig. 6: sandblastindgpand piece

9-Acrylic blocks:

Self-cured acrylic resin blocks poured irngoopylene ring®f standard

size (19mm diameter ar82.5mm lengthwere used to hold the molars.

*Al203 particles (5um)
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10-Shear bond strength testing machine:

UniversalInstrontesting machinewas used to measure shear

bondstrength(fig 7).

i

LIL.OYD

STRUMENTS

Fig. 7: Instroneuniversal testing machine

10- Scanning electran microscope

Scanning electron microscofiewas usedor scanning enamel

surfaceafter each etching techniq(igy 8).

Fig. 8: scanning electron microscopevite .

* Instron universal testing machineR-533

** JEOL-JSM5400 SEM(Japan)
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2-Methods:

1- Sample classification:

The sample wadivided into 3 groups(fig 9):

Group L : formed of 20 molars which wesldivided into twosubgroups10
teeth each :

Subqgroup LT. Enamelwasirradiated with Er:CrYSGG andoonded

Transbond XTprimer.

Subgroup LQ Enamelwasirradiated with Er:CiYSGG andbonded Ortho

Solostick primer.
Group S: formed of 20 molarsvhich weredivided irto two subgrops, 10
teeth each :

SubgroupST: Enamel wasandblasted at 630 psi andonded by

TransbondXT primer.

SubgroupSO. Enamelwassandblastd at 6570 psi andbonded byOrtho

Solostick primer.
Group P : formed of 20 molars dividedio 2 subgroupslO teeth each :

SubgroupPT: Enamelwasetchal with 37% phosphoric acid and bonded by

Transbond XTprimer.

SubGroupPQO Enamelwasetched with 37% phosphoric acid armbnded by

Ortho Solo stick primer.

Sixty molars weraised for the bond strengthpetiments and the remaining six
were scanned for electron microscopic investigatimn determine the
topograply and morphology of thdifferently treated enamedurface(two from
each group)
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Total sample
(66)

Etched & bonded Etched & scanned

(60) (6)
o S—
According to the type of etching techniqueed

/ T~

Group L: Group S: Group P:
(20) (20) (20)
Laser etching Sandbasting etching Phosphoric acid
etchina

|

According to type of primer

According to type of primer According to type of primer

used used used

Group PT: p PO:
Group LT: ||Group LO: Group ST: Group SO: (10) E;lroo)u =
o - fag o | |19 | Bondedwith | | Bonded with
Bonded with | | Bonded with Bonded with Bonded with Transtond Ortho Solo
Transbond Ortho Solo Transbond Ortho Solo XT primer stick primer
XT primer stick primer XT primer stick primer P

Fig. 9: A schematic diagram showing sampleuping according to the type efching ad

adhesion promoter ed
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2-Sample preparation:

After extraction, theeeth were stored in saline prevent dehydration.
The salinewas changed weekly to avoid bacterial growththe time of use.
For all thegroups the teeth werpumiced using a brush and pumice to cldse
enamel sudce from the remnant debris.

All molarroots were scratchegertically along their mesial and distal surfaces
to resist dislodgmentThe selfcuring acrylic resin was mixed and pouretbin
the polypropylene pipe rirgy fig 10. The molais wereembedded verticallyn
the sef-cured acrylic resin blockso that theirfacial surface wereat least 2
mm abovedhetop surface of the acrylicesin before bonding the tubes.

The sample waslassified, numbered and immersed again in salihthéltime
of molar tubedonding.

Fig. 10: 18 molartooth mounted in acrylic block
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3-Etching procedure:

Enamelwasprepared by different enamel preparation techniques:

Group L (laser etded). consised of twenty molarswhich were divided into
sub grougof 10 molars (LT and LD

WaterLase was introduced in 2006.uses a unige, powerful interaction of the
patentecEr:Cr;YSGG laser wavelength andater/air spray that cuts, etches and
shapes target tissues without cartfdneat, vibration or pressure

In the present study thelllowing specifications werased

-ThePulseused hadrequency 161z, 2w power. Etching time was for 20 sec.

-The energy used wds83mJ, water delivery via tHeandpiece wa80% and air

was 50%.The percentage of air should be higher than water to spread the water
film on the enamel surface which decresge film thickness and increase the
efficiency of cutting.

-The laser energy was delivered vialexible wase guide to a contra angled
turbohandpiece.

-The beam wasligned perpendicular tahe enamel surfacen noncontact
mode with a fixed distance 0B mm awayfrom the laser tip in a sweeping
motion to achieve an even surface coverage by overlagheda®r impact.
The surface appear frosty white after etching procedure.

-No washing was undertaken following laser etching.

Fig. 11: laser etching of molar bucahamel using ECr;YSGGlaser
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Group S (sandblasting etched) consised of twenty molars which were
divided into sulgroupsof 10 molars (ST and SO

They wereetdhed by sandblasting hamalece with aluminum oxidé with a
particle size of 50umthis was performed for 26ec Sandblasting particles
were directed perpendicular to the enamel surface at a distance of 5mm
followed by insing by air/water spray for 26econds The surface appear
frosty white after etching procedure.

Fig. 12: sandblasting etching of enamel surface.

Group P (acid etched) consised of twenty molars which were divided into
swb groupsof 10 molars each (PT and RO

The molars were etched by 37% phosphoric acid for 20 secondsingrRmigh
water spray was performed afterwards and proper dryness of the surface using
air spray.

\
r

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

1. Subgmoups (LT, ST and PT) bonded by Transbond XTprimer:

In each sulgroup after the etched area become frosty white, the enamel
bonding agen{Transbond X} was applied in a uniform thirat using special
brush to boththe enamel surface and to the basteftube which was held in a
locking tweezer and activated with the visible light cure system for 10 sec. for
each one. The enamslrface to be bonded appeatsiny. Then a small
quantity of the adhesive pagt&M, unitek @mpany) was aplied to the bas of
the tubewhich wasseated firmly in the proper position (awlagm the occlusal
plane by 2mm its mesial openiig below the tip of the mesiobuccal cusp) on
the buccal surface of molars with a steady pressline. excessf adhesive was
removed befa curing using sharp probe without disturbing the tube position.
The adhesivwbdrackettooth interface was exposed to the light curing for 20
seconds at a distance of 5mm.

M Unitek
Transbond™ XT |

light Cure
Ahesive Primer

i 712-034 ) . —
Fig 14 Bonding of molar tubes usinigansbond XT primer.

2-Subgroups (LO, SO and PQ bonded by Otho Solo stick primer:

In each sulgroup, after the etched area become frosty white, the enamel
bonding agen{Ortho Solo stick primer) was applied in a uniform thin coat
using special brush taoth, 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
a thin layer of the adhesiyeaste waspplied to the tubéas and bamded as
previously described
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orfe0

tem No. 740‘0271’ -

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

Fig. 16: molar tubes bondeah 15t molars

5-Estimation of shear bond strength

After storage of the specimens for Bburs at 37degree$SBS was
estimatedusing amono beveledchisel edge mounted on a cross head of the
testing machinefigl7. The edge wasimedat the molar tube andnamel
interface at a speed of 0.5ms@tondby a universatesting machinantil bond
failure occured

The data was automatically recorded on a personal computer by using lab
view graphical programming for instrumentation softwar&EXNGEN). The
outputs were compiled as excel files.
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Fig. 17: bond strength measuremavith the specimen in pladeniversal testing machine).

The force decay wasneasured for each spe@m in Newtons
(IN=approximately 100g\Where SBS is calculated by dividing the force decay
by the molar tube base aréE8.15mmd), and the ihal score was obtained in

megapascaled|Pa).

The test was carried out at the dental materialaudieent of facultyof
dentistry, Ain Shams University

6- Investigation of the enamel surface

1. Evaluation of the site of bond failure

Following delonding all molar specimens and orthodontic molar tubes
were examinedusing a magnifying lerfg10t i mmagrgfication)to ddermine
the location of the failure site as well as the amount of adhesive left orothe to
surface and molar tube base

This was performed according to the Adhesive Remnant Index (ARI) system of
Artun and Bergland (1984%, which includes the following stes

Score 0 No adhesive on the tooth surface.
Score 1Less than half of thadhesive on the tooth surface
Score 2 More than half of tb adhesive on the tooth surface

Score 3: he entie adhesive on the tooth surface
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2-SEM examination:

A. Preparation of the samples:

Six first molars wererandomly selected, one from each subgratter
etching and before bonding. They westtedied using SEM to determine the
topography and morphology of treated enarmseiface. Six buccal enamel
blocks appoximately (5x5mm) were cut with a cooled diamond disk to remove
the root and the lingual part of the crown under runmiager. Maximumcare
was taken to avoid scratching of tbheaccal surface etchedThis 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 coppais,to which they are
glued by a speciadhesive. Thewere coated by a hidy conducting layer of
gold sputter 20um thicknessiand were examined by the SENfig 18, 19.
Photos of SEMwere then oriented and results weeeorded, presented and
interpreted

The SEM has range of magnification of x4%00,000 and a resolution 4him.
The instrument prducesthree dimensional images laerseof the large depth of
field which is 3500 times that of ligiicroscope.

The depth of field refers to the capability of lenses to focus a series of points
within the specimen equaliyell. The electron beam of SEM brganized into a
coherent electron probe that sweegzross the specimen surface and cause
release of secondary electrons as well as back sca#tretrions,X-ray and

light (cathodellumensence)

The photos were taken with tvdifferent magnificatios (x500times and x1500
times) for better visualization and studying the effect of every etching
technique.
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The interpretation was done according Sdverstone et al. system (1975)
which included the following patterns:

Type I: had enamel prism coresferentially 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 cobbiesto
appearance.

Type lll: 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 occlussilirface tooth areas.

The examination was carried out in the National Center for Reseadh
Radiation Technology, Atomic Energy Organization
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FINE COAT

Fig. 18: fine coat apparatus

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

The collected data were statistically analyzed for the following:

1-Descriptive analysis:

Mears andstandard deviains (SD) were computed angresented for
9 Shear bond strength
1 Adhesive Remnant Index (ARI)

2-Comparative analysis:

Because the ata showed nonparametric distribution the
following tests were used:

1 KruskalWallis test was used to compare between théeraiht
etchingtechniques.

1 MannWhitney U test was used for pauise comparisons between
the groups when KruskdVallis test is significant.

1 MannWhitney U test was also sed to compare between
specimens with 3M primer and Ortho Solo stick primer

Thesignificance | ev el was set at P O 0.05.
with IBM® SPSS Statistics Version 20 for Windows.

®IBM Corporation, NY, USA.

®SPSS, Inc., an IBM Company
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Results

Results

The data of thetudy could be presented under the following tmeén topics

[-Shear bond strength

[I-Adhesive Remnant Indeafter debonding

[l -Scanning Electron Microscope

|- Shear bond strenqth :

Shear bond strength fonolar tubes bonded with 3M composiieere estimated
for all sub groups of differentigser sandblastingand acid etching techniques
and different bonding agents (Transbond pEiimerand ortho solo stick primer)
arepresented in tables-@), graphically represented in figures {28):

1-Descriptive statistics

A. Using Transbond XTbonding primer(subqgroups LT, ST and P)f

Table (1): Dscriptive statistics for shear bond strength with different etching
technigues using Transbond Xfimer (subgroups LT, ST and PT

namel etching
echniques Laser etching Sandl:r)ll_astlng Phosphhquc acid
(Subgroup LJ etching etching P.
Shear bon (Subgroup ST | (Subgroup PY value
strength
Mean Mean Mean
MPa)| P | (vpa) | SP | (vpa)| °P
355" | +1.16 | 2.61° | +1.73| 6.23 | +1.70 | 0.001*

MPa: Megapascales.
SD: standard deviation.

Different letters indicates significant values veimilar letters indicates insignificant values.
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~J
1

6.23

(=]
1

o
1

3.55

(=] (9%]
1 1

Mean shear bond strength (MPa)
— E-3

=

phosphoric acid etching
(subgroup PT)

sandblasting etching
(subgroup ST)

laser etching
(subgroup LT)

Fig (20): Bar chart showing the mean shear bond strength with different etching techniques
using Transbond Xprimer.

As shown in table 1, phosphorecid etching had the higheshear bond
strength 6.23MPatx1.70.  While, sandblasting showed the lowest value
2.61MPatl.73and laser etching showed 3.55MFa16

B. Using OrthoSolo stickbondingprimer (subgoups LO, SCand PO):

Table(2): Descriptivestatisticsfor shear bond strength with different etching
technigues using Ortho solo stiokinding primer (sub groups LO,

SO and PQ
Enamel etching
techniques Laser etching Sandblating etching Pho:f)ct;]?gé: acid
Shear bond (subgroup LO (subgroup S (subgroup PO P-value
Strength
Mean Mean Mean
(MPa) SD (MPa) SD (MPa) SD
45% | +1.25 | 6.86% | +247 | 444" | £216 | (g0«

MPa :Megapascales.
SD: standard deviation.
Different letters indicates significant s while similar letters indicates insignificant values.
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6.86

> 4.53 4.44

mean shrad bond strength

0- laser etching sandblasting etching phosphoric acid etching

(subgroup LO) ( subgroup SO) (subgroup PO)
Fig (21): Bar chart showing the mean shear bond strengthdifferent etching techniques
using Ortho Solo stick primer.

As illustrated in table 2sandblasting had the higbke value of shear bond
strength6.86MPa+2.47 and laser etchingl.53MPa+1.25 was highe than
phosphoric acid etching 4.44MBR&.16

Overall comparison between shear bond strength of different
groups:

Table @): Comparison betweeshear bond strength values of the different
sulgroups

Mean
Subgoups (MPa) SD P-value
Laser with Transbond Xprimer 3.55P 1.16
Laser with Solo stick primer 453> |1.25

Sandblasting with Transbond XFimer 2.61°> |1.73

<0.001*
Sandblasting with Solstick primer 6.86% |2.47

Phosphoric acid with Transbond Xfimer | 6.232 1.70

Phosphoric acid with Solo stick primer 4.44° 2.16

*: Signif i c ®iffarentdettersRrasignifi€antl) dfferent
Similar letters are not significantly different.
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In table 3,there was statically significant higher shear bond stremgetween
phosphoric acid with Transbond X¥imer, Sandblasting witholo stick primer
with all the subgroups

However there was no statistically significant differenoetween Phosphoric
acid with Transbond XPprimer and sandblasting with [Bcstick primer.

(Fig. 22

There was no statistically significant diffecen between Lasewith both
primers Phosphoric acid with Solo stick primeand Sandblasting with
Transbond XTprimer, all showed the statistically significantly lowest mean
shear bond strengtlalues.

Mean shear bond strength (MPa)

Laser with  Laseer with Solo Sandblating  sandblasting Phosphoric acid Phosphoric acid
Transbond XT  stick primer  with Transbond with solo stick with Transbond with Solo stick
primer XT primer primer XT primer primer

Figure @2): Bar chart representing the overall comparison betweeshtbar bond strength
values of the differerdulgroups
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Il - Adhesiveremnant index after debonding:

1-Using Transbond XTprimer (subgroups LT , ST and PT

Table(4): Descriptive statisticef ARI for different enamel etching

techniques using Transbond Xfimer(subgroups LT, ST and BT

Etching Minimum score | Maximum score Mean SD
technique
Laser etching 0 1 0 +0.48
(subgroup LT)
Sandblasting 2 3 2 +1.03
etching
('subgrogp ST)
Phosphoric acid 2 3 3 +0.85
etching
(subgroup PT)
MPA: Megapascales.
SD: standard deviation.
3 -
2.5 A
2 -
=
< 15 -
b
= 1.
0.5 -
o I
laser etching sandblasting etching phosphoric acid etching
(subgroup LT) ( subgroup ST) (subgroup PT)

Fig (23: Bar chart showig descriptive statistics for the mean ARIdifferent etching groups using

Transbond XTprimer.
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In table (4), with Transbond XTprimer, there was no statistically significant
difference between sandblasti(®+ 1.03 and Phosphoric acid 80.85); both
showed the statistically significantly highest mean ARILaser fowed
significantly lower mean AR(O = 0.48).

2- Using Solo stick primefsubgroups LO, SO and PO

Table(5): Descriptive statisticef ARI for different enamel etching

technigwes using Ortho solo stick primer.

Etching Minimum score| Maximum Mean SD
technique score
Laser etching | 1 1 1 +0.47

(Subgroup LQ

Sandblasting | 2 2 2 +1.05
etching

(subgroup Sp

Phasphoric acid| 2 3 3 +0.70
etching
(subgroup PP

MPA: Megapascales.
SD: standard deviation

3

25 -

1.5 -

Mean ARI

0.5 -

laser etching sandblsting etching phosphoric acid et
(subgroup LO) (subgroup SO) (subgroup PO)

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

technigus using Ortho solo stick primer.
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In table (5), with Solo stick primer, there was no statistically significant
difference betweesandblasting2 + 1.05 and phosphoric acid B 0.7); both
showed the statistically significantly highest mean ARI. Laser showed
significantly lower mean AR(1 = 0.47).

Overall comparison between ARI of different groups

Table 6): Comparison between ARI values of th&etentsulgroups

Mean
Subgou SD P-value
goups (MPa)
Laser with Transbond Xdrimer 0°¢ +0.48
Laser with Solo stick primer 1P +0.47
Sandblasting with Transbond Eimer 2@ +1.03
<0.001**
Sandblasting with Solo stick primer 2@ +1.05
Phosphoric ad Transbond XT primer 3 +0.85
Phosphoric acid with Solo stick primer 32 +0.70

FY { A3IyATA Qiffgrént Iditers atesighficantty diffeent

Similar letters are not significantly different

25

2

1.5
1
i

Laser with  Laser with Solo Sandblasting  Sandblasting Phosphoric acid Phosphoric acid
Transbond XT  stick primer with Transbond with solo stick with Transbond with Solo stick
primer XT primer primer XT primer primer

Mean ARI

Figure (5): Bar chart representyoverall comparison betwe&RI values of the different

Groups
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A statistically significant highestmean ARI valueswas found for
Phosphdc acid and sandblasting with both primers; however there was no
statistically significant dference in the ARI between both groups.

On the other hand, laser wiboth primer subgroups (LT and L®howed the
lowest statistically significant values. However, laser with Ortho Solo stick
primer subgroup showed statisticalligher values than lasevith Transbond

XT primer subgroup (tae 6, fig 5)
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Il -Scanning electron microscopic esults

Scanning electron photomicrographs of enamefasas were evaluated to
investigate the etching patternresulted from each of the three etchin
techniques used.

1- For enamel surface :

Fig. 26: SE micrograph of normal enamel surface®ahtlar (original maginification
x500) showing that the surface is rough with the apgrof enamel prisms

aresealed.

Fig. 27: Higher magnification of the same specirfa@iginal magnification x1500)
showing that sugice defects are minimahd fissures are followintpe
natural shapesf enamel prisms

49



Results

2- Er:Cr: YSSG &ser etched enamel surface

Fig. 28: SEmicrographof laser etched enamel of tolar(spec. M 1, original

magnificationx500) illustrating the honeycomlike appearane.

Fig. 29: Higher magnification of fig 28original maynification x1500yevealing

micro cracksanddistinct prematic boundariethat aid in resin penetration

50



