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Eeeeeeee onding of composite resin on tooth surface is based on the mechanical locking of the 
aaaaaaaaaadhesive to irregularities in the enamel surfaces of the tooth and to mechanical locks 
formed in the base of the orthodontic attachment. Successful bonding in orthodontics, therefore, 
requires careful attention to the three components of the system: The tooth surface and its 
preparation, the design of the attachment base and the bonding material itself.(1) 
 

ABSTRACT 
Aims: This in vitro study was undertaken to evaluate and 
compare the effect of acid etching and/or diode laser (1064 
nm) irradiation on shear bond strength of orthodontic 
brackets. Materials and Methods: Thirty freshly extracted 
human premolars were included in this study. Laser 
irradiation was done by using the new 1064 nm diode laser 
with output power of 2.5 Watt in continues mode, also use 
stainless steel orthodontic brackets (Roth, 22–slot size), and 
use orthodontic flowable composite resin which needs no 
bonding fluid. The 30 human teeth were divided into 3 groups 
(each group consist of 10 teeth): Group A–use acid etching 
(37% phosphoric acid) for 1 minute to bond bracket to tooth 
surface (control group), group B–use laser irradiation for 30 
seconds with Indian ink (coated on teeth). Group C–use laser 
irradiation for 30 seconds with Indian ink after that use acid 
etching for 1 minute. Shear bond strength measured by using 
unconfined shear testing machine at a cross head speed of 5 
mm/min. Results: The shear bond strength means were as 
follows: Group A: 11.27 MPa, group B:  6.21 MPa, group C: 
14.04 MPa. The acid etching after 1064 nm diode laser 
irradiation (group C) has significantly higher bond strength (p 
� 0.05) than remaining groups. In group B, orthodontic 
brackets had significantly lower shear bond strength (p � 0.05) 
than remaining groups. Conclusions: These results indicate 
that acid etching after laser irradiation enhances and improves 
the bonding of orthodontic composite resin to human enamel. 
In the same time 1064 nm diode laser irradiation with ink 
coating is not consider as a replacement to acid etching in 
bonding of orthodontic brackets to human enamel.�
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Total etching with 30–40% orthophosphoric acid is accepted to be one step in adhesive 
techniques that use acid etching as a separated procedures.(2) Acid etching agents are capable of 
removing several microns of superficial enamel and creates a porous surface, resin tags form 
within this porous surface, providing micromechanical interlocking of resin and enamel.(3) Resin 
tags that form between enamel rod peripheries are called macrotags. A much finer network of 
thousands of smaller tags form across the end of each rod where individual hydroxyl apatite 
crystals have been dissolved, leaving crypts outlined by residual organic material. These fine 
tags are called microtags. Macrotags and microtags are the basis for enamel micromechanical 
bonding.(4)  

Laser radiation of 1064 nm wavelength is well established in dental lasers, but previously 
only available from the Nd:YAG crystal as the lasing medium. Currently, with the new 
technology a semiconductor medium (diode) can produce laser with the same wavelength (1064 
nm) and same properties which is dramatically smaller, more efficient, longer pulse duration and 
more control output power.  

Hard tooth structure contains inorganic (hydroxyapatite), organic (primarily collagen), 
and water components. By volume, enamel contains approximately 96% hydroxyapatite and 4% 
protein and water. Each of these tissue components absorbs laser energy at different wavelengths. 
Enamel surface changes characterized by etching, cracking, melting, pitting, and frank cratering. 
Some chemical changes can also occur, including loss of carbonate, sintering, recrystallization, 
and formation of calcium phosphate. Like the physical alterations, chemical changes are 
temperature dependent and It is not clear whether chemical changes in the enamel would affect 
resin bonding.(3, 5) 

Several characteristics of lased dental hard tissue have been considered advantageous: 
Microscopically rough surfaces without demineralization, open dentinal tubules without smear 
layer production and tooth surface sterilization.(6) 

It has been proved that the laser irradiation with the wavelength 1064 nm (which was 
represented by Nd:YAG laser) is capable of producing irregularities of enamel surface look like 
those resulting from the use of conventional acid etching technique.(7–9) Also it has been reported 
that short term etching after irradiation with Nd:YAG laser (1064 nm) enhances the bonding of 
composite resin to human enamel.(10)  

 
MATERIALS AND METHODS 

The samples consist of thirty extracted human premolars of normal shape, size which 
were extracted for orthodontic treatment purposes. 

The criteria for tooth selection included intact buccal surface with no caries, cracks, 
restorations and not subjected to any pretreatment with chemical agents, the teeth were stored in 
distilled water at room temperature.(11, 12) 

The teeth were randomly divided into 3 groups (each group consisted of 10 teeth):  
Group A–control group: Use acid etching (37% phosphoric acid), coated on tooth surface 

for 1 minute, apply orthodontic composite resin which need no fluid bonding agent (Vivadent 
Heliosit flowable orthodontic composite) on orthodontic bracket base then attached on etched, 
dry tooth surface, composite resin then polymerized using light cure unit (wavelength 400–500 
nm, intensity 400 mw/c2). 

Group B: Use diode laser irradiation (1064 nm wavelength) applied on black Indian ink 
coated on buccal surface of tooth sample for 30 seconds. Laser radiation is used for conditioning 
of tooth surface prior of bracket attachment. The laser  radiation strongly reacts with pigmented 
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tissue causing an increase of the laser energy absorption, the enamel surface can be melted and 
vaporized in a more efficient way by the use of black India ink.(7) 

Group C: Use combination of former 2 groups above, after diode laser irradiation on 
tooth surface coated with Indian ink for 30 seconds, apply acid etching (37% phosphoric acid) on 
tooth surface then fix brackets using orthodontic composite resin on dry tooth surface.  

Laser irradiation was performed by using diode laser� (FOXTM, ARCLASER–Germany) 
(Figure 1), with wave length of 1064nm and output power of 2.5 watt for 30 seconds in 
continues mode by direct contact with continues movement of the tip of  the fiber every tooth 
receive about 75 j. 
 
 
 
 
 
 
 

 

Figure (1): Diode laser radiation device�(FOXTM, ARCLASER–Germany) 
 
A new class of low�viscosity resin�composites, commonly called “flowable composites”, 

has become established in dentistry. Flowability is regarded as a desirable handling property 
which allows the material to be injected through small–gauge dispensers, thus simplifying the 
placement procedure and amplifying the range of possible clinical applications. However, 
composites with a lower filler–content and/or elastic modulus have shown better marginal 
sealing compared to composites with a higher filler–content.(13) 

For mounting of teeth, plastic rings were used (20 mm outside diameter, 18 mm inside 
diameter and 26 mm height) the rings were filled with dental stone to half of its height, after 
stone setting, the teeth were fixed by sticky wax on the stone surface, so the tooth would be in 
centre and perpendicular to the base,(14) the ring were placed on the base of the surveyor in a 
manner that long axis of the tooth was parallel to the long axis of the analyzing rode of the 
surveyor (Figure 2), then we started to fill the ring with cold cure acrylic resin till cement–
enamel junction.(15) 

 
 
 
 
 
 
 
 
 
 
Figure (2): Long axis of the tooth  parallel to the long axis of the analyzing rode of the surveyor 
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After conditioning of tooth surface either by acid etching and/or diode laser irradiation 
with Indian ink, the orthodontic bracket was hold by clamping tweezers, the orthodontic 
composite resin was applied on the base of the bracket and the bracket was transferred to the 
centre of the buccal surface of the crown of the premolar tooth at a distance of  4.5 mm from the 
occlusal surface.(16) A load of 200 gm was directed at a right angle to the bracket according to the 
pressure standardizing procedures. Then curing was started by using halogen light curing unit,(17) 
the curing light was applied for 1 minute in all direction and the distance between the curing tip 
and the bracket was within the accepted range (0–5 mm) and was adjusted to about 2 mm.(18) 

To standardize the pressure the sample was placed on the surveyor table which already 
positioned in a parallel plane with the floor, the bracket was loaded under 200 gm (100 gm load 
+ 100 gm weight of the surveyor shaft) which placed on the top of the surveying arm in which 
the chisel of the surveyor was inserted, the surveying arm was adjusted so that the chisel was just 
fitting in the bracket slot(19) (Figure 3).�The shear bond strength was measured by using the 
unconfined shear testing machine (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Each bonded bracket was positioned parallel to the direction of load application, a custom 
made chisel shaped rod (knife edge rod) was directed toward the composite–enamel interface, so 
the force was exerted adjacent and parallel to the bracket base and applied to the bond interface 
in an occluso–gingival direction. A cross head speed of 5 mm/min was used(20, 21) (Figure 5). 

The maximum shear bond strength necessary to debond the bracket was recorded in 
Newton unit and converted to megapascal (MPa) unit by dividing the fracture load in Newton 
unit to the surface area of the bonded bracket base,(22) the surface area of the bracket was found 
to be equal to 8.75 mm2, so the shear bond strength was calculated and expressed in MPa 
according to the following equation(23): 

 
 

Figure (3): Brackets loaded under 200 gm 
in which the chisel just fit in bracket  slots. 

Figure (4): The unconfined shear 
testing machine. 
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Shear Bond Strength (MPa)=  Force  (Newton)/Surface Area (mm2) 
 

 
 
 
 
 
 

 
 
 

 
Figure (5): Shear bond strength measurement. 

 
RESULLTS 

The descriptive analysis that includes mean, standard deviations, standard error minimum 
and maximum values of shear bond strength in MPa of all three groups are listed in Table (1). 

The descriptive statistics shows that group B reflect smallest mean of shear bond strength 
(6.219 MPa), and group C shows highest shear bond strength mean (14.048 MPa), while group A 
reflect intermediate value of shear bond strength (11.279). 

Table (1): Descriptive analysis of  shear bond strength in MPa for all groups 
Groups No. Minimum Maximum Mean + SD SE Mean 

 A 10 8.43 13.79 11.279 1.768 0.5593 
 B 10 4.55 8.56 6.219 1.328 0.42 
 C 10 11.44 16.53 14.048 1.77 0.5597 

 
The analysis of variance (ANOVA) was used to compare the shear bond strength of the 3 

groups. This test showed significant difference between the three groups studied at p < 0.05 as in 
Table (2). 

The results of Duncan’s Multiple Range Tests showed that group C had the highest mean 
of shear bond strength value in regard to other groups, and had significant difference at p < 0.05 
with other groups. While group B had the lowest mean value with significant difference at p < 
0.05 from other groups. The remaining group (group A) was distributed on statistical level 
between the highest and the lowest mean value with a significant difference between them at p < 
0.05, as in Table (3). 

Table (2): One–Way ANOVA test for all groups 
 Sum of Squares df Mean Square F–value  Significance 

Between Groups 315.223 2 157.611 
Within Groups 72.231 27 2.675 

58.915 0.000* 

Total 387.454 29    
  *Significant difference existed at p < 0.001. 
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Table(3): Duncan’ multiple range test for all groups 
Groups No. Mean* + SE Duncan’s Group** 

A 10 11.279  + 0.559 A 
B 10 6.219 + 0 .42 B 
C 10 14.048 + 0.5597 C 

                              *Mean measure unit in MPa. 
                             **Different letters mean significant difference at p < 0.05. 

 
DISCUSSION 

This study was conducted to evaluate and compare the etching of enamel by the new 
diode 1064 nm laser and/or the conventional method by using acid etching agent for bonding 
orthodontic brackets on tooth surface. The use of diode laser irradiation alone with black Indian 
ink in order to increase the absorption of laser light by enamel surface for bonding orthodontic 
bracket (group B) had shown a significantly lower bond strength than that achieved by using acid 
etching technique, which can be explain that acid etching the surface has clean enamel prism 
without melted and carbonized structure and this may disturb the adhesion of composite to 
enamel.(7, 10, 24) 

Static laser exposures produced central craters surrounded by areas of damaged enamel. 
The damage was characterized by melting, pitting, cracking, and general roughening. The effects 
of laser energy on enamel surfaces are related not only to absorption of that energy by specific 
enamel components, but also by reflectance of light by the surface. As energy is absorbed, the 
tissue is heated. At relatively low temperatures, water is lost. Various mineral phase changes and 
melting occur as the temperature rises. Rapid development of heat (and subsequent rapid cooling 
when the exposure ceases) causes stresses in the enamel that can lead to flaking and ejection of 
material. Thermal shock is likely to be greatest at the area of beam focus.(3, 5) 

Concerning the different distribution of phosphorus and calcium between the lased and 
unlased enamel surface, it was observed that the organic substances were evaporated with laser 
energy, this was explained by the melted and recrystalizes enamel surface so the irradiated 
enamel surface was melted and homogeneous like lava.(7) 

Also it is found that after laser irradiation, carbonized materials and layer remain on the 
tooth surface and this would disturb the adhesion of composite resin (agreed with results of 
group B), and it had been hypothesized that acid etching after laser irradiation would be effective 
to remove these materials and improve the bond strength.(10) 

The laser irradiated enamel surface produced surface fissuring and a union or blending of 
the distinctive etch pattern normally seen in acid etched enamel, this blending effect likely 
prevented the penetration of resin into the enamel resulting in lower enamel bond strength values 
(as group B results), the subsequent addition of acid etchant to laser ablated enamel created 
delicate etch pattern that assumed the appearance of a more retentive surface than that created by 
laser etching alone (agreed with group C results), the subsequent use of phosphoric acid after 
laser irradiation eliminates the surface scaling and flaking on enamel surface.(25) 

 
CONCLUSIONS 

The results of this study indicate that acid etching after laser irradiation enhances and 
improves the bonding of orthodontic composite resin to human enamel. In the same time 1064 
diode laser irradiation with ink coating is not consider as a replacement to acid etching in 
bonding of orthodontic brackets to human enamel. 
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