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ABSTRACT 
INTRODUCTION: Enamel surface etching improves the bonding of the composite resin material. Acid etching is the 
conventional method. Recently, erbium lasers have been used for this purpose.   
OBJECTIVES: This study is to compare the shear bond strength of composite resin bonded to enamel of primary teeth 
after etching using Erbium chromium –YSGG laser and phosphoric acid etching. 
METHODOLOGY: An experimental in vitro study was conducted on thirty extracted or exfoliated primary molars 
that were divided into three groups. Group I Er,Cr:YSGG Laser etching with power set at 1W, group II Er,Cr:YSGG 
laser with power set at 1.5W and group III acid etching using phosphoric acid. Specimens were assigned for shear bond 
strength (SBS) evaluation test. Only six specimens were evaluated qualitatively to asses enamel surface topography 
using scanning electron microscope. 
RESULTS: SBS of acid etching group showed the highest followed by 1.5W laser-etching group, while 1W laser 
etching group demonstrated the least mean shear bond strength. The acid etched enamel was statistically significantly 
higher (P < <0.0001) than that other groups. 
CONCLUSIONS: The mean SBS of composite with acid etching is significantly higher in comparison to Er, Cr: 
YSGG (operated at 1W & 1.5W for 10 s) laser-etched enamel. 
KEYWORDS: Primary teeth, Erbium chromium: YSGG, Laser etching. 
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INTRODUCTION 
Buonocore (1) was the first to introduce the use of 
phosphoric acid on tooth surfaces. Since its 
development in 1955, this approach has been the 
traditional method of enamel pretreatment (2, 3). 
Enamel acid etching increases retention by 
hydroxyapatite dissolving leading to the production of 
resin tags which facilitates its penetration (4). 

In contrast to permanent teeth, primary 
teeth possess enamel that is more organic in 
composition, thinner, and has a distinct surface 
charge (5). Due to the increased pore volume and 
permeability, it has an opaque white appearance 
(6). In morphological investigations, the outer 

surface zone of enamel is also observed as a 
prismless tissue structure known as the prismless 
layer. This layer is observed more commonly in 
primary teeth, characterized by a wider zone, in 
comparison to permanent teeth (7). The 
aforementioned characteristics collectively explain 
the discrepancies observed in etching capability, 
bonding process, and bonding efficacy. Therefore, 
this method is regarded as difficult and necessitates 
thorough examination (8).  

Surface pretreatment is an important step 
for improving the bond strength between the resin 
composite and the tooth (9).  
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 Acid etching is associated with several limitations, 
such as technique sensitivity and challenges in 
isolating the material. However, its most significant 
drawback is that acid demineralization can result in 
a more susceptible tooth structure to caries, 
especially in cases where resin impregnation is 
compromised by air bubbles or saliva 
contamination (9).  

Extensive studies have been conducted to 
find alternative methods of conditioning the enamel 
surface in order to avoid the phosphoric acid 
etching’s major disadvantage (10). Many studies 
have been examined the probability of substituting 
acid etching with more advanced methods such as 
laser etching (11).  

 The advancement of laser technology in 
dentistry has facilitated the refinement of numerous 
procedures that include both soft and hard tissues. 
The aforementioned procedures include soft tissue 
surgeries, tooth preparation, and restorative 
treatments, all of which are performed painlessly 
(12). There are numerous varieties of lasers utilized 
in the dental field, including the carbon dioxide 
laser, which may cause an increase in pulpal 
temperature (13), and the Nd:YAG laser, which is 
poorly absorbed by hard dental tissues. These 
restrictions have been eradicated since the erbium 
(Er) family of lasers was introduced in 1998. The 
FDA has granted authorization for the use of these 
lasers to irradiate tooth surfaces (14). 

 Operating at a wavelength of 2780 
nanometers, the Er,Cr:YSGG (Erbium, Chromium: 
Ytrium Scandium Gallium Garnet) laser is a 
hydrokinetic laser system. It was initially proposed 
by Uşümez et al., who observed that it induced 
enamel ablation (15). By combining laser energy 
with water at the interface of the tissue, the 
hydrokinetic system is capable of producing 
accurate and precise incisions in hard tissue. In 
general, the mean power output exhibits variation 
from 0.1 to 8 watts (16). 

 The purpose of this research is to assess 
and compare the shear bond strength of composite 
materials adhered to enamel of primary teeth using 
an erbium chromium:YSGG laser etching and 
phosphoric acid etching. 

The study's null hypothesis stated that 
there is no statistically significant difference 
between phosphoric acid etching and laser etching 
in terms of the shear bond strength (SBS) of 
composite materials adhered to the enamel of 
primary teeth.  

MATERIALS AND METHODS 
This study was performed after approval of the 
research ethic committee https://orcid.org/ 0000-
0002-1897-1986.   in Faculty of Dentistry, 
Alexandria University, Egypt. 

The sample size was estimated assuming a 
5% alpha error and 80% study power. The mean 
(SD) shear bond strength was 10.4847 (1.16553) 
MPa, 4.7967 (1.35669) MPa, and 8.3800 (1.10823) 
MPa for the Acid etching, Laser etching (1W, 10 
sec), and Laser etching (1.5W, 10 sec), respectively 
(17). The highest sample was calculated based on 
the comparison between the Acid etching and Laser 
etching (1.5W, 10 sec) using the highest SD = 
1.35669, to ensure enough study power. A required 
sample size of 8 specimens per group, was 
increased to 10 specimens to make up for 
processing errors. Total sample= number per group 
x number of groups= 10 x 3 = 30 specimens. This 
sample size was calculated using G*Power 3.1.9.7 
(18). 

Thirty extracted primary molars were 
obtained from public hospitals and the outpatient 
clinic of the faculty of dentistry, for exfoliation or 
orthodontic purposes. The sample teeth were 
selected based on their absence of caries on the 
buccal surfaces and the absence of enamel defects 
or fissures. Following this, ten specimens from 
each of the three groups were assigned at random 
in accordance with the enamel pretreatment 
protocol: 
Group I: Teeth were treated using Er, Cr:YSGG 
laser with power output set at 1 W and enamel 
surfaces were lased for 10 s. 
 Group II: Teeth were treated using Er, Cr:YSGG 
laser with power output set at 1.5 W and enamel 
surfaces were lased for 10 s. 
Group III: teeth were treated using a 37% Phosphoric 
acid etching for 15s.  

The extracted teeth were rinsed by 
distilled water examined for defects according to 
previous inclusion criteria. All the specimens were 
fixed in a self-cure acrylic resin so that only the 
buccal surfaces were unprotected for bonding in 
order to permit for standardized and secured 
placement throughout SBS testing (19). 

The surface was prepared for the adhesion 
of composite resin through this procedure. The 
surfaces of the specimens were then meticulously 
cleansed using an ultrasonic cleaner and flowing 
water to eliminate any debris (20). 
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Group I (power set at 1 W) & group II (power set at 
1.5W) Laser etch, the buccal surfaces of both groups 
were thoroughly cleaned for 30 s and air dried for 20 
s. Later, the samples were etched with an Er, 
Cr:YSGG laser (Waterlase MD, Biolase 
Technology, USA) working at a wavelength of 2780 
nm and a repetition rate of 50 Hz along with an 
air-water spray (80% and 60%, respectively, as 
recommended by manufacturer) to avoid the enamel 
surface’s overheating. Laser energy was delivered 
using sapphire tip with 600 µm in diameter 
recommended by manufacturer for etching (21) and 
enamel surfaces were lased for 10 s as recommended 
by previous study by Baygin et al. (22) in a 
sweeping motion utilizing a 45degree angulation 
with working distance of 1 mm from the enamel 
surface, achieving approximately 3 mm × 3 mm 
laser-etched enamel surface area (Figure 1).  

Group III - Acid etch, the buccal surfaces 
were thoroughly cleaned for 30 s and air dried for 
20 s. Later, the samples were etched with a 37% 
phosphoric acid (Meta Biomed Etchant, 37% 
phosphoric acid gel, Syringe 3g, Korea) for 15 s 
then were washed by distilled water for 15 s and air 
dried for 10 s  (23). 

After etching, adhesive agent was applied 
to all the samples (Bisco All Bond Universal, 
USA.) for 15 s accompanied via gentle air drying 
of the surface for 5 s, and light curing for 20 s with 
woodpecker LED light cure with an intensity of 
1200 Mw/cm2 which was periodically checked 
using a radiometer (24). Plastic cylindrical shaped 
mold with 3 mm height and 3 mm internal diameter 
was located prependicular on the etched enamel 
surfaces to create a standrized bond area. It was 
stabilized for final positioning by sticky wax and 
was filled with composite (Ivoclar Vivadent Tetric 
N-Ceram Refill 3.5G, Switzerland.), excess 
adhesive was hand removed then light cured for 40 
s light.  
Shear bond strength testing  
Specimens were stored in a normal saline at 37°C 
for 24 h to prevent desiccation and cracking. Later, 
all the samples were subjected for shear bond 
strength testing using universal testing machine 
(Figure 2) with a constant cross head speed of 0.5 
mm/min, using a chisel driving the load onto the 
specimen at the enamel- composite interface, the 
diameter of each cylindrical mold was verified 
before each measurement. SBS was expressed in 
Megapascals (MPa) (20). 

Shear bond strength in MPa = the maximum failure 
load recorder in Newtons (N)/ surface area of the 
bonded interface (mm2). The shear force was 
applied in a direction parallel to the bonded 
interface using universal test machine at a 
crosshead speed 0.5mm/minute until de-bonding 
occurs  (25).  

 Following the measurement of maximal 
load for each sample, SBS was converted to 
megapascals (MPa). The mode of failure was 
documented by a single operator through the 
evaluation of all debonded surfaces of the 
specimens using a stereomicroscope (b016, 
Olympus optical co. Ltd, 2-43-2, Japan). Cohesive 
within the substrate (enamel or composite resin), 
adhesive between adhesive and enamel, or 
combined (if adhesive and cohesive fractures 
occurred simultaneously) failure mode will be 
determined upon examination. 
Scanning electron microscope (qualitative 
evaluation) (24) 
Out of the total samples, six primary molars were 
used for surface roughness evaluation after etching 
by scanning electron microscope (SEM). Two 
specimens from each group were left unbonded 
after etching and not subjected to SBS. The treated 
surfaces were evaluated by SEM at X250 and 
X3000 magnifications to examine the Micro-
morphological alterations on the enamel surfaces 
(total specimens = 6). 
Statistical Analysis 
Data were analyzed using IBM SPSS version 23, 
Armonk, NY. USA. Data normality was checked 
utilizing Shapiro wilk test. Shear bond strength was 
normally distributed. All values were presented 
utilizing mean, standard deviation, 95% confidence 
interval, median, minimum, and maximum values. 
One Way ANOVA accompanied via Tukey’s post 
hoc test with Bonferroni correction. It was analyzed 
using Kruskal Wallis test accompanied by Dunn’s 
post hoc test with Bonferroni correction. All tests 
were two tailed and the significance level was set at 
p value≤0.05. 
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Figure (1): Enamel surface of specimen etched 
with Erbium, chromium:yttrium, scandium, 
gallium, garnet laser. 
 

 
Figure (2): Enamel share bone strength testing 
with Universal testing machine.  
 

RESULTS  
Comparisons between the groups exhibited that 
Group III demonstrated the greatest mean shear 
bond strength (6.2 ± 1.3MPa) accompanied by 
group II, (4.9 ± 0.5MPa,). While group I indicated 
the least mean shear bond strength (3.8 ± 0.1). The 
difference between the groups was statistically 
significant (P <0.0001). 
Pairwise comparisons were statistically significant in 
which group I and II (p1=0.012), group I and III 
(p2<0.0001) and group II and III (p3=0.004). (Table 
1), (Figure 3). 
Failure mode assessment results 
Mixed mode of failure was presented in all of the 
groups.  
Results of Scanning electron microscope 
(qualitative evaluation) : 
 Micro-morphological alterations on the enamel 
surface were assessed at X250 and X3000 
magnifications via an environmental scanning 
electron microscope. Surface characteristics of the 
samples were identified through SEM analysis. 
Group I (laser etching at 1 W power output) 
A definite roughness in the enamel surface was 
observed with a power output of 1 watt under low 

power magnification (250x), in comparison to the 
adjacent intact enamel. The normal appearance of 
the enamel prisms was maintained in most areas 
(honeycomb-like structure).  

Confluence of the prismatic and inter-
prismatic structure was noted in some areas with 
irregular cracks was noted at higher power 
magnification (3000 x). (Figure 4A,B)  
Group II (laser etching at 1.5 W power output) 
 A definite change in the surface of the enamel 
showing numerous micro-porosities was noted at low 
power magnification (250 x) as compared to the 
adjacent sound enamel.  

Most of the enamel prisms are interrupted 
showing an irregular outline. In some areas the 
enamel prism boundaries were indistinct giving an 
irregular surface with confluence of the prismatic 
and interprismatic structures at high power 
magnification (3000 x). (Figure 5A,B) 
Group III acid etching 
SEM of Acid etching group showed surface 
roughness and scratches on the enamel surface at 
low power magnification (250 x).  
SEM of Acid etching group showed Surface 
roughness and micro-porosities on the enamel 
surface was noted at high power magnification 
(3000 x). (Figure 6A,B) 

 
Figure (3): Comparisons of SBS between the study 
groups.  
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Figure (4): (a) SEM of laser etching group at 1 W 
power output at low power magnification (250 x). 
(b) SEM of laser etching group at 1 W power 
output at higher power magnification (3000 x) 
image. 
 

 
Figure (5):  (a) SEM of laser etching group at 1.5 
W power output. (b) SEM of laser etching group at 
1.5 W power output. 

 
Figure (6): (a) SEM OF Acid etching group at low 
power magnification (250 x). (b) SEM OF Acid 
etching group at high power magnification (3000x). 
Micro-porosities on the enamel surface (arrows). 
 
Table 1: Comparison of shear bond strength (SBS) 
between the study groups. 

 
 

DISCUSSION 
The use of erbium lasers have been contributed to 
the establishment of a favorable treatment 
environment with pediatric patients. Laser etching 
is painless and does not involve heat, making it 
highly attractive for routine use as it reduces 
anxiety and fear. 

The patient is comfortable, has no vibratory 
sensations, and there is no contact between the 
tooth and the laser’s fiber optic tip (27). 
Er,Cr:YSGG lasers can be used for successful 
dental ablation due to their shorter wavelength and 
high absorption by the enamel. The water-cooled 
system of the laser enables regulation of the pulpal 
temperature (28), making laser etching effective 
without obtaining isolation and overcome the 
disadvantages of the acid etch as it is a technique 
sensitive especially in pediatric patients. 

Laser energy is delivered through a fibre 
optic system to a sapphire tip terminal with an 
air-water spray (80% and 60%, respectively, as 
recommended by manufacturer) to prevent the 
enamel surfaces from overheating. In the present 
study, lower power outputs that would probably 
etch enamel (1W and 1.5 W) were used as 
Recently, Berk et al. (22) detected by SEM 
analysis. The time used was 10 s for laser etching 
and for acid etching was 15 s as recommended by 
previous study by Baygin et al. (21). 

The objective of this research was to 
determine the viability of laser etching as a 
substitute for phosphoric acid etching in primary 
teeth.  

In the current study shear bond strength 
was evaluated using universal testing machine. It 
was found that the mean SBS values of composite 
bonded to enamel of primary teeth after acid 
etching were significantly higher as compared to 
Er,Cr:YSGG (operated at 1W and 1.5W for 10 s).  

This decline in the average of SBS could 
potentially be attributed to the formation of 
subsurface fissuring and microcracks as concluded 
by Martinez-Insua et al. (29). This might have an 
adverse effect on sufficient resin penetration at the 
tooth laser-etched surfaces' interface.  

The effects of laser pretreatment prior to 
bonding to enamel of primary teeth cannot be 
predicted using the same methods that are applied 
to permanent tooth substrates, due to the unique 
characteristics of enamel in primary teeth. While 
certain investigations examining the shear bond 
strength to primary tooth enamel discovered that 
the Er:YAG laser group achieved superior 
outcomes in comparison to acid etching  (30,31). 

In agreement with the present study, 
surface cracking was also manifest in studies done 
by Uşümez et al. (15) in which laser etching at 1W 
and 2W were utilized and exhibited a significant 
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difference of SBS values between the acid-etched 
and 1W laser-etched. 

On the other hand, Ozer et al. (32) used a 
lower power setting and found that Irradiation with 
the 0.75-W laser obtained lower shear bond 
strengths than the acid etching and no cracks was 
observed in their investigation.  
This study showed a significant difference between 
laser etching groups operated at 1W and 1.5W for 
10 s and acid etching group.  
In this study, mixed mode of failure was found in 
all of the groups. SEM demonstrated that 1, 1.5 W 
irradiation produced acceptable etching patterns. 
Laser etching with power output set at 1 W showed 
a definite roughness in the surface of the enamel. 
The normal appearance of the enamel prisms were 
maintained in most areas (honeycomb-like 
structure) at low power magnification (250 x). 
However, irregular cracks were noted at high 
power magnification (3000 x). While laser etching 
at power output set at 1.5W at 250 x magnification 
revealed a definite change in the surface of the 
enamel showing numerous micro-porosities.  

However, at 3000 x magnification most of 
the enamel prisms are interrupted producing an 
irregular outline. This result was in agreement with 
the findings of a study by Pires et al. (9), which 
showed a typical honey comb pattern of etching 
after irradiation by Er laser.  

While, SEM of phosphoric Acid etching 
group showed type III etching pattern with surface 
roughness and scratches on the enamel surface at 
250 x magnification, also it showed Surface 
roughness and micro-porosities on the enamel 
surface was noted at 3000 x magnification. 

One of the limitations of laser use is 
that application of erbium lasers is highly 
technique sensitive and requires training. Also, 
safety guidelines while using lasers should be 
followed by both the operator and the patient. Any 
stray radiation from the laser beam may affect the 
cornea or the eye lens, since both tissues are rich in 
water. The cost and level of expertise required for 
using the machinery is high.  Moreover there is no 
standards for laser energy output and time required 
for etching to achieve favorable shear bond 
strength.  

CONCLUSIONS  
Dependent on the limitations of this study, it was 
presumed that enamel etching using phosphoric 
acid etching revealed a better results than 
Er,Cr:YSGG laser etching. Further research is 

needed to explore the potential of utilizing higher 
power outputs of the Er,Cr:YSGG (Er, chromium: 
yttrium–scandium–gallium–garnet) laser for 
etching applications to fully assess its potential as 
an alternative to traditional phosphoric acid 
etching. 
Considering the limitations and findings of the 
study, the null hypothesis that there is no 
significant difference between phosphoric acid 
etching and laser etching regarding shear bond 
strength of composite bonded to enamel of primary 
teeth was rejected. 
CONFLICT OF INTEREST 
The authors declare that they have no conflict of 
interests. 
FUNDING STATEMENT 
For this work, the authors didn’t receive any 
specific funding. 
 
REFERENCES 

1. Buonocore MG. A simple method of increasing 
the adhesion of acrylic filling materials to enamel 
surfaces. J Dent Res. 1955;34:849-53. 

2. Alavi S, Birang R, Hajizadeh F. Shear bond 
strength of orthodontic brackets after acid-etched 
and erbium-doped yttrium aluminum garnet laser-
etched. Dent Res J (Isfahan). 2014;11:321-6. 

3. Sfondrini MF, Calderoni G, Vitale MC, Gandini 
P, Scribante A. Is laser conditioning a valid 
alternative to conventional etching for aesthetic 
brackets? Eur J Paediatr Dent. 2018;19:61-6. 

4. Giannini M, Makishi P, Ayres AP, Vermelho PM, 
Fronza BM, Nikaido T, et al. Self-etch adhesive 
systems: a literature review. Braz Dent J. 
2015;26:3-10. 

5. Wilson PR, Beynon AD. Mineralization 
differences between human deciduous and 
permanent enamel measured by quantitative 
microradiography. Arch Oral Biol. 1989;34:85-8. 

6. Arends J, Jongebloed WL. Dislocations and 
dissolution in apatites: theoretical considerations. 
Caries Res. 1977;11:186-8. 

7. Sabel N. Enamel of primary teeth--morphological 
and chemical aspects. Swed Dent J Suppl. 2012:1-
77, 2p preceding i. 

8. Rythén M, Norén JG, Sabel N, Steiniger F, 
Niklasson A, Hellström A, et al. Morphological 
aspects of dental hard tissues in primary teeth 
from preterm infants. Int J Paediatr Dent. 
2008;18:397-406. 

9. Pires PT, Ferreira JC, Oliveira SA, Azevedo AF, 
Dias WR, Melo PR. Shear bond strength and SEM 
morphology evaluation of different dental 



Shehata et al.  Effect of Er,Cr.Ysgg laser and acid etching on SBS 

Alexandria Dental Journal. Volume x Issue x                      7 

adhesives to enamel prepared with ER:YAG laser. 
Contemp Clin Dent. 2013;4:20-6. 

10. Artun J, Bergland S. Clinical trials with crystal 
growth conditioning as an alternative to acid-etch 
enamel pretreatment. Am J Orthod. 1984;85:333-
40. 

11. Nelson DG, Wefel JS, Jongebloed WL, 
Featherstone JD. Morphology, histology and 
crystallography of human dental enamel treated 
with pulsed low-energy infrared laser radiation. 
Caries Res. 1987;21:411-26. 

12. Türkmen C, Sazak-Oveçoğlu H, Günday M, 
Güngör G, Durkan M, Oksüz M. Shear bond 
strength of composite bonded with three adhesives 
to Er,Cr:YSGG laser-prepared enamel. 
Quintessence Int. 2010;41:e119-24. 

13. van As G. Erbium lasers in dentistry. Dent Clin 
North Am. 2004;48:1017-59, viii. 

14. Ustunkol I, Yazici AR, Gorucu J, Dayangac B. 
Influence of laser etching on enamel and dentin bond 
strength of Silorane System Adhesive. Lasers Med 
Sci. 2015;30:695-700. 

15. Uşümez S, Orhan M, Uşümez A. Laser etching of 
enamel for direct bonding with an Er,Cr:YSGG 
hydrokinetic laser system. Am J Orthod Dentofacial 
Orthop. 2002;122:649-56. 

16. Krishnan K, Kumaran NK, Iyer VH, Rajasigamani K. 
Laser etched vs conventional etched enamel: Effect on 
shear bond strength of orthodontic brackets. Int J Laser 
Dent. 2013;3:1-6. 

17. Dilip S, Srinivas S, Mohammed Noufal MN, Ravi 
K, Krishnaraj R, Charles A. Comparison of 
surface roughness of enamel and shear bond 
strength, between conventional acid etching and 
erbium, chromium‐doped: Yttrium scandium‐
gallium‐garnet laser etching – An in vitro study. 
Dent Res J. 2018; 15:248‐55. 

18. Universität Düsseldorf. G*Power.2019. Retrieved 
from http://www.gpower.hhu.de/. 

19. Ayar MK, Erdemir F. Bonding performance of 
universal adhesives to er,cr:YSGG laser-irradiated 
enamel. Microsc Res Tech. 2017;80:387-93. 

20. Bahrololoomi Z, Kabudan M, Gholami L. Effect 
of Er:YAG laser on shear bond strength of 
composite to enamel and dentin of primary teeth. J 
Dent (Tehran). 2015;12:163-70. 

21. Vohra F, Alghamdi A, Aldakkan M, Alharthi S, 
Alturaigi O, Alrabiah M, et al. Influence of Er: Cr: 
YSGG laser on adhesive strength and 
microleakage of dentin bonded to resin composite. 
In-vitro study. Photodiagnosis Photodyn Ther. 
2018;23:342-346. 

22. Baygin O, Korkmaz FM, Tuzuner T, Tanriver M. 
The effect of different techniques of enamel 

etching on shear bond strengths of fissure sealents. 
Dentistry 2011;1:109. 

23. Obeidi A, McCracken MS, Liu PR, Litaker MS, 
Beck P, Rahemtulla F. Enhancement of bonding to 
enamel and dentin prepared by Er,Cr:YSGG laser. 
Lasers Surg Med. 2009;41:454-62. 

24. Jhingan P, Sachdev V, Sandhu M, Sharma K. 
Shear bond strength of self-etching adhesives to 
cavities prepared by diamond bur or Er,Cr:YSGG 
laser and effect of prior acid etching. J Adhes 
Dent. 2015;17:505-12. 

25. Shafiei F, Firouzmandi M, Zamanpour M. The 
effect of two cross-linking agents on dentin bond 
strength of resin-modified glass ionomer. Eur J 
Dent. 2017;11:486-90. 

26. El Halim SA, Raafat R, ElGanzory A. ESEM 
analysis of enamel surface morphology etched 
with Er, Cr: YSGG laser and phosphoric acid: in 
vitro study. Egypt Dent J. 2017;63:941-7. 

27. Jacboson B, Berger J, Kravitz R, Patel P. Laser 
pediatric crowns performed without anesthesia: a 
contemporary technique. J Clin Pediatr Dent. 
2003;28:11-2. 

28. Kumar G, Dhillon JK, Rehman F. A comparative 
evaluation of retention of pit and fissure sealants 
placed with conventional acid etching and 
Er,Cr:YSGG laser etching: A randomised 
controlled trial. Laser Ther. 2016;25:291-8. 

29. Martínez-Insua A, Da Silva Dominguez L, Rivera 
FG, Santana-Penín UA. Differences in bonding to 
acid-etched or Er:YAG-laser-treated enamel and 
dentin surfaces. J Prosthet Dent. 2000;84:280-8. 

30. Lessa FC, Mantovani CP, Barroso JM, Chinelatti 
MA, Palma-Dibb RG, Pécora JD, et al. Shear bond 
strength to primary enamel: influence of Er:YAG 
laser irradiation distance. J Dent Child (Chic). 
2007;74:26-9. 

31. Wanderley RL, Monghini EM, Pecora JD, Palma-
Dibb RG, Borsatto MC. Shear bond strength to 
enamel of primary teeth irradiated with varying 
Er:YAG laser energies and SEM examination of 
the surface morphology: an in vitro study. 
Photomed Laser Surg. 2005;23:260-7. 

32. Ozer T, Başaran G, Berk N. Laser etching of 
enamel for orthodontic bonding. Am J Orthod 
Dentofacial Orthop. 2008;134:193-7. 

 


	Yasmin M. Shehata, BDSP1*P, Amina M. Abd El Rahman, PhDP2P, Sawsan H. Mahmoud, PhDP3P, Sally M. Abd El Kader, PhDP4

