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ABSTRACT
Introduction: The family of erbium laser which has two different wavelengths including 

Er:YAG laser (2940 nm) and Er,Cr:YSGG laser (2780 nm) is an effective device for cutting dental 
hard tissue due to their high absorption in water and hydroxyapatite that makes them suitable for 
cavity preparation. Cavity preparation using laser has some advantages such as reduced pain and 
vibration during the procedure and providing patient’s comfort which is the key factor in pediatric 
dentistry.

Materials and methods: The purpose of the present study is to compare and evaluate the effect 
bond prep mode and cutting mode of Er,Cr:YSGG Laser on shear bond strength of glass ionomer 
(GI) cement and resin modified glass ionomer (RMGI) filling materials applied on flattened buccal 
and lingual surface on forty-eight freshly extracted caries-free human primary molars divided into 
2 groups and each group is subdivided into 2 subgroups each according to the mode of preparation: 
group 1: bond prep mode Er,Cr:YSGG laser; group 2: Er,Cr:YSGG cutting mode. The samples will 
be subjected to universal testing machine.

Results: The mean (SD) values for shear bond strength of Bond prep and cutting modes 
regardless of restorative material were 22.9 (5.3) and 20.7 (5.2), respectively. There was no 
statistically significant difference between the two preparation modes. There was no statistically 
significant difference between Bond prep and cutting modes whether using GI (P-value = 0.433, 
Effect size = 0.014) or with RMGI (P-value = 0.051, Effect size = 0.085). Comparison between the 
two restorative materials revealed that GI showed statistically significantly lower mean shear bond 
strength than RMGI whether using Bond prep mode (P-value <0.001, Effect size = 0.345) or cutting 
mode (P-value = 0.001, Effect size = 0.226).

Conclusion: Er,Cr:YSGG laser have adverse effect on the adhesion of RMGI and GI, bond 
prep mode is better than cutting mode and RMGI is preferred than GI clinically.

KEY WORDS: Shear bond strength, Er,Cr:YSGG Laser, bond prep mode, resin modified glass 
ionomer 
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INTRODUCTION 

Minimally invasive dentistry had gained wider 
acceptance with the advance of new dental adhesive 
systems and technical advances in tools for the 
dental hard tissue operations 1,2 and due to alternative 
methods of cavity preparation and manipulation 
of the dental hard tissue 3,4, the erbium: yttrium 
aluminum garnet (Er:YAG) (2.94 μm) and erbium, 
chromium: yttrium-scandium-gallium garnet 
(Er,Cr:YSGG) (2.78 μm) wavelengths gained wide 
acceptance, as they were the only erbium lasers 
available for the dental hard tissue operations by 
virtue of their high tissue interaction and limited 
thermal damage to surrounding tissues 3,4. 

Numerous studies have evaluated the immediate 
bond strengths of current dental adhesive systems 
to the dental hard tissues irradiated by Er,Cr:YSGG 
laser, aiming to determine whether Er,Cr:YSGG 
laser-irradiated dental hard tissues offer a suitable 
bonding substrate 5–7. Initial studies revealed that 
irradiation of the dentin using Er,Cr:YSGG laser 
leads to increase in surface roughness, with open 
dentinal tubules and no smear layer on the surface, 
suggesting that the irradiated dentin might provide 
a favorable substrate for resin bonding 8, 9. However, 
bonding to irradiated dentin remains a controversial 
issue in the literature 10–12; some studies have 
reported that Er,Cr:YSGG laser irradiation yields 
lower initial bond strength to dentin, while others 
have presented contrary findings 8,9. 

Cavity preparation using laser had some 
advantages such as reduced pain and vibration 
during the procedure and providing patient’s 
comfort which is then key factor in pediatric 
dentistry 13-16. Different studies have shown that Er: 
YAG laser can remove smear layer, open dentinal 
tubules and create a rough surface 15-19, while some 
studies have found that these properties have led to 
better etching techniques and adhesion of bonding 
material 20,21, but opposite results have been reported 
by others 15,18. 

Dentin of the primary tooth had a lower 
mineralization, higher organic material, and water 
content compared to the permanent teeth, with low 
density and thickness of dentinal tubules about 
0.4-0.5 mm to the pulp surface,21 so, considering 
these morphological differences and heterogeneous 
composition, laser parameter should be set 
differently in the primary teeth 21. 

Behavior management of the child patient in 
dentistry had a great challenge, so decreasing the 
possibilities of failure of fillings in the primary 
teeth by improving bonding between the tooth 
and adhesive restorative materials will increase 
longevity of the primary teeth fillings and hence, 
minimize the number of dental visits of the child 
patients, however, few studies were done on laser 
irradiation in the primary teeth for cavity preparation 
before adhesive use 22.

The purpose of the present study is to compare 
and evaluate the effect of bond prep mode and 
cutting mode of Er, Cr: YSGG laser in the primary 
molars on shear bond strength of GI and RMGI 
filling materials using universal testing machine.

Sample Preparation

Forty-Eight human unidentified deciduous 
molars with at least intact one surface buccal or 
lingual that exfoliated either due to physiologic 
reason or which are indicated for extraction were 
selected. Teeth with caries on both buccal and/or 
lingual surfaces, fractured crown due to extraction, 
hypoplastic, hypocalcified and of any developmental 
anomaly were rejected. The teeth were washed 
under running water, cleaned of residual tissue and 
debris, then autoclaved and stored in distilled water 
at 4°C for not more than 1 week 19,24. Forty-Eight 
deciduous molars were divided into 2 groups and 
each group is subdivided into 2 subgroups each 
according to the mode of preparation: group 1: 
bond prep mode Er,Cr:YSGG laser; group 2: cutting 
mode Er,Cr:YSGG
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Tooth surface preparation (substrate):

Forty-eight samples were embedded in acrylic 
resin in standardized autoclavable Teflon molds. In 
group 1, buccal surface was flattened (bond prep 
mode) with Er,Cr:YSGG laser (Waterlase iPlus, 
Biolase; Irvine, CA,USA) using a Waterlase iplus 
Gold handpiece and aMGG6 tapered sapphire tip 
having a fiber core diameter of 600 μm. The laser 
settings were4.5 W (peak power), frequency 50 Hz, 
air pressure 60%, and water pressure 80%, used in 
noncontact mode in 24 samples. In group 1a (12 
samples) GI using Harvard ionoglass Cem (Harvard 
Dental International GmbH Margarentenstr, 2-4 
15366 Hoppegarten, Germany) was applied on 
prepared surfaces of dentin. In group 1b (12 
samples) RMGI using GC Fuji II LC Capsule (GC 
Corporation Tokyo, Japan) was applied on prepared 
surfaces of dentin. For group 2, lingual surface was 
roughened (cutting mode) with Er,Cr:YSGG laser  
(Waterlase iPlus, Biolase; Irvine, CA,USA) using 
a Waterlase iplus Gold handpiece and aMGG6 
tapered sapphire tip having a fiber core diameter 
of 600 μm till yellow dentin was seen. The laser 
settings were6 W (peak power), frequency 15 Hz, 
air pressure 60%, and water pressure 80% in 24 
samples. In group 2a (12 samples) GI using Harvard 
ionoglass Cem (Harvard Dental International 
GmbH Margarentenstr, 2-4 15366 Hoppegarten, 
Germany) was applied on prepared surfaces of 
dentin. In group 2b (12 samples) RMGI using GC 
Fuji II LC Capsule (GC Corporation Tokyo, Japan) 
was applied on prepared surfaces of dentin.

Restorative Material Application

Standardized cylinders of GI and RMGI filling 
materials were applied to the prepared surfaces of 
dentin by the aid of a specially designed Teflon 
mold with standardized dimension.  

Shear Bond Strength Testing

All samples of groups 1a, 1b, 2a, and 2b were 
subjected to shear bond strength test using Instron 

universal testing machine (Instron, Norwood, USA) 
at a cross head speed of 0.5mm/min until fracture. 
The specimen was placed in the lower assembly of 
the machine and the force was applied with the help 
of a knife-like mandrel which engages the cylinders 
of GI and RMGI at the tooth restoration interface 
to test the strength of the bond. Data were recorded 
using BlueHill computer software.

Statistical Analysis

Quantitative data was presented as mean, 
median, standard deviation (SD), range (Minimum 
– Maximum) and 95% Confidence interval (95% 
CI) for the mean values. Data was explored for 
normality by checking the data distribution, 
calculating the mean and median values and 
using Kolmogorov-Smirnov and Shapiro-Wilk 
tests. For parametric data, two-way Analysis of 
Variance (ANOVA) was used to study the effect of 
preparation method, material and their interaction 
on mean shear bond strength. Bonferroni’s post-
hoc test was used for pair-wise comparisons when 
ANOVA test was significant. For non-parametric 
data; Mann-Whitney U test was used to compare 
between the two preparation methods as well as 
the two restorative materials. The significance 
level was set at P ≤ 0.05. Statistical analysis was 
performed with IBM® SPSS® Statistics Version 20 
for Windows (SPSS, Inc., an IBM Company).

Fig. (1): Universal testing machine (Instron, Norwood, USA)
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RESULTS

Descriptive statistics for shear bond strength 
values (MPa) in the different groups are presented 
in Table 1. Two-way ANOVA results showed that 
regardless of restorative material; preparation 
mode had no statistically significant effect on mean 
shear bond strength (P-value = 0.053, Effect size = 
0.082). Regardless of preparation mode; restorative 
material had a statistically significant effect on mean 
shear bond strength (P-value <0.001, Effect size = 
0.444). The interaction between the two variables 
had no statistically significant effect on mean 
shear bond strength (P-value = 0.390, Effect size = 
0.017). Since the interaction between the variables 
is not statistically significant, so the variables are 
independent from each other (Table 2). 

The mean (SD) values for shear bond strength 
of Bond prep and cutting modes regardless of 
restorative material were 22.9 (5.3) and 20.7 (5.2), 
respectively (Figure 2). There was no statistically 

significant difference between the two preparation 
modes (P-value = 0.053, Effect size = 0.082). 

The mean (SD) values for shear bond strength of 
GI and RMGI regardless of preparation mode were 
18.4 (4.2) and 25.2 (4), respectively (Figure 3). GI 
showed statistically significantly lower mean shear 
bond strength than RMGI (P-value <0.001, Effect 
size = 0.444).

Table 3 represents the interaction of variables. 
The results showed that there was no statistically 
significant difference between Bond prep and 
cutting modes whether using GI (P-value = 0.433, 
Effect size = 0.014) or with RMGI (P-value = 0.051, 
Effect size = 0.085). Comparison between the 
two restorative materials revealed that GI showed 
statistically significantly lower mean shear bond 
strength than RMGI whether using Bond prep mode 
(P-value <0.001, Effect size = 0.345) or cutting 
mode (P-value = 0.001, Effect size = 0.226).

TABLE (1) Descriptive statistics for shear bond strength values (MPa)

Preparation
 mode

Restorative material Mean SD
95% CI

Lower bound Upper bound

Bond prep
GI 19 3.5 16.7 21.4

RMGI 26.8 3.5 24.5 29.2

Cutting
GI 17.8 4.9 15.4 20

RMGI 23.6 3.8 21.3 25.9

TABLE (2) Two-way ANOVA results for the effect of different variables on mean shear bond strength

Source of variation
Type III Sum 

of Squares df Mean Square F-value P-value
Effect size  

(Partial eta squared)

Preparation mode 62.3 1 62.3 3.950 0.053 0.082

Restorative material 555.6 1 555.6 35.204 <0.001* 0.444

Preparation mode x Restorative 
material interaction 

11.9 1 11.9 0.754 0.390 0.017

df: degrees of freedom = (n-1), *: Significant at P ≤ 0.05
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DISCUSSION 

The most important factor for retaining a 
restoration bonded chemically to the tooth surface 
such as glass ionomer is the resistance to shear 
stresses which are the stresses formed at the interface 
of tooth surface with restoration are caused by 
parallel or perpendicular forces acting on the tooth 
surface23.

A lot of questions have been raised due to 
recent developments in the field of laser usage in 
dentistry regarding the type of laser, characteristics 
and parameters needed to bond appropriately to the 
dental tissue. When dentin of the permanent teeth 

TABLE (3) The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison 
between shear bond strength values with different interactions

Restorative material

Bond prep Cutting P-value (Between 
modes)

Effect size (Partial 
eta squared)Mean SD Mean SD

GI 19 3.5 17.8 4.9 0.433 0.014

RMGI 26.8 3.5 23.6 3.8 0.051 0.085

P-value (Between materials) <0.001* 0.001*

Effect size (Partial eta squared) 0.345 0.226

*: Significant at P ≤ 0.05

Fig. (2): Mean and standard deviation values for shear bond 
strength of preparation modes regardless of restorative 
material

Fig. (3): Mean and standard deviation values for shear bond 
strength of the two restorative materials regardless of 
preparation mode

Fig. (4): Mean and standard deviation values for shear bond 
strength with different interactions of variables
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was compared to dentin of the primary teeth, it was 
found that the organic material and water content is 
high with more irregular dentinal tubules, while the 
water content in inter-tubular dentin is more than 
intra-tubular dentin 16,24which indicate that when 
using a laser with similar power, it will remove 
higher amount of tissue in the deciduous teeth, so 
lower parameters should be used in the deciduous 
teeth than those used in the permanent teeth, which 
may explain why the bond prep showed higher 
shear bond strength than the cutting mode with both 
materials where the bond prep results in roughness 
with no smear layer.

In an in vivo study conducted by Bahrololoomi 
Z et al.19 stated that shear stresses are forces highly 
involved in the restorative materials bond failures, 
and founded that the laser irradiation results in a 
pattern of adhesion that made the bonding process 
more improved which agreed with the results 
of Hossain et al, 25 Visuriet al,20 and Hibst et al, 26 
Wanderly et al, 27 and Mahmoudianet al, 22.Sung 
EC, in his study found that although the usage of 
different type of laser (Er, Cr: YSGG), the overall 
result agreed with the results of this study 28. 
Armengol et al, 29 Kataumi et al, 30 and Burnett et al. 

31proven that there is no difference in bond strength 
between irradiated specimens by the Er: YAG laser 
and control group in their research. 

Sakakibara, 32 Dunn et al, 17 and Ceballo et al. 33 
have discovered that after laser irradiation low shear 
bond strength were found, which disagree with the 
current study. They attributed their findings to that 
the  laser irradiation results in denatured collagen 
fibers layer with poor adhesion to the surface of 
dentin which didn’t contains peri-fibrillar spaces, 
that may limit the penetration of resin to subsurface 
inter-tubular dentin and leads to weak hybrid layer 
formation. 33

In a study conducted by Ceballoset al, 11 
Backmann et al, 34 and Lee et al. 9 a low shear bond 
strength of adhesives to the prepared surfaces by 
the Erbium laser were founded in comparison to 

prepared surfaces by the diamond burs using high-
speed rotary instruments. They discovered that 
the rise in temperature during ablation melt and 
vaporize the collagen network of the irradiated 
tissue, resulting in a modified surface, where the 
collagen fibers which are denatured coalesce with 
each other, but attaches poorly to the healthy dentin 
below area irradiated, so prevent the construction of 
better hybrid layer at the tooth/restoration interface 
and thus lowers shear bond strength which may 
explain the findings of the current study why the 
bond prep mode with lower watt setting showed 
higher shear bond strength than the cutting mode.

Glass ionomer cements have raised their usage in 
pediatric dentistry because of their physicochemical 
adhesion properties to enamel and dentin35.GIallow 
good adhesion, reasonable esthetics and marginal 
seal 36. The setting reactions of conventional GI 
and RMGI are similar, which begin with acid–base 
reactions and fluoride releases from the setting 
reaction as a byproduct 37. Bonding to dental hard 
tissues by chemical reaction occurs where carboxylic 
components of cement react with calcium in enamel 
and dentin 38-40. The adhesion mechanism is weak, 
resulting in low bond strength between the GI and 
the dentin 41, because of the smear layer, which may 
interfere with the adhesion mechanism 38. 

In contrast to that for GI, the RMGI are 
produced by the addition of monomer which is 
about 4–6%39,42, leading to improved working 
time and bond strength42, which may explain why 
RMGI showed higher shear bond strength than GI, 
but, RMGI require surface pretreatment in order 
to remove the smear layer before the placement 
43and thus overcome the drawbacks and increase 
the bonding 41,44, because when removing the smear 
layer before applying the restorative material, the 
surface wetting ability is improved, resulting in 
material tag formation, which may explain why the 
bond prep mode  showed higher shear bond strength 
than the cutting mode with both materials, where 
bond prep mode cause selective etching with no 
smear layer.
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CONCLUSION 

As regards the results of the current laboratory 
study, it can be concluded that:

1) Er,Cr:YSGG laser have adverse effect on the 
adhesion of RMGI and GI.

2) Bond prep mode is better than cutting mode.

3) RMGI is preferred than GI clinically.
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