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ABSTRACT

Introduction: Dentin hypersensitivity is a painful dental issue known with a transient and intense pain, when the exposed
dentin reacts to various stimuli. Bioactive glass and multiple types of lasers have been tested in treating dentin hypersensitivity.
Yet, none have combined them together in occluding exposed dentinal tubules.

Aim of the Study: The current study focused on evaluating the effect of erbium, chromium:yttrium-scandium-gallium-garnet
(Er,Cr:YSGQ) laser with wavelength 2780 nm and bioactive glass nanoparticles paste either each alone or in combination with
different sequences; on dentinal tubules closure.

Methods: Forty healthy extracted premolar teeth were used for this study. They were distributed equally into a control group
and 4 experimental groups. Control group: received no treatment. Nano-Bioactive glass group: treated with nano-bioactive
glass paste only, Er,Cr:YSGG laser group: received laser irradiation only, Er,Cr:YSGG laser + nano-bioactive glass group:
treated with nano-bioactive glass paste after laser irradiation. Nano-bioactive glass + Er,Cr:YSGG laser group: treated with
nano-bioactive glass paste before laser irradiation. Dentin samples were evaluated morphologically by scanning electron
microscope, with subsequent analysis of the mean diameter of dentinal tubules, and calcium and phosphorous analysis by
energy dispersive X-ray spectroscopy.

Results: Nano-bioactive glass + Er,Cr:YSGG laser group showed notably improved dentinal tubules closure in comparison to
the other groups through scanning electron microscope imaging. The results were confirmed by the energy dispersive X-ray
analysis which revealed the highest calcium and phosphorus weight %, in addition to recording the lowest mean diameter of
dentinal tubules.

Conclusion: The application of nano-bioactive glass and, Er,Cr:Y SGG laser and the combination of both provided a satisfactory
dentinal tubular closure. However, combining both nano-bioactive glass and Er,Cr:YSGG laser was found to be more efficient
with superior results, rather than using each modality alone.
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INTRODUCTION

Dentin hypersensitivity (DH) is described as a
discomfort originating from open tubules and exposed
dentin. It usually results from mechanical, thermal, or
chemical stimuli and is unrelated to any other dental
pathology or defect!?. Several dental professionals
encounter difficulties in identifying the causes, diagnosing,
and effectively managing dental hypersensitivity, revealing
certain limitations in this domain.®! This dental issue can
have a substantial impact on an individual's quality of
life, leading to; changes in eating habits, the avoidance of
specific food or drinks, and higher anxiety or discomfort
during dental operations.™!

To block or close dentinal tubules, various agents can be
applied locally, either by dentists or at home. Through the
formation of precipitates on the exposed dentin surfaces,
these desensitizing agents effectively seal off the dentinal
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tubules.’! Various studies have identified desensitizing
pastes like potassium nitrate, sodium fluoride, and calcium
hydroxide that have shown effectiveness in reducing DH.
However, achieving a permanent cure for DH remains a
challenge. Bioactive glass (BG) is considered as a promising
agent for promoting the formation of reparative dentin,
which serves as a biologic barrier surrounding dentinal
tubules. The limited permeability of reparative dentin
restricts the transmission of harmful substances from the
dentinal tubules to the dental pulp and decreases the flow
of dentinal fluid, hence minimizing dentin hypersensitivity.
Consequently, BG application to the exposed dentin surface
may provide a durable DH treatment option.®!

In the past years, a new treatment approach utilizing
lasers has emerged. The use of lasers for treating DH
was first introduced in 1985, and since then, numerous
investigations have been conducted to determine the
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efficacy of laser therapy in treating DH. Some of commonly
used laser are neodymium-doped yttrium aluminum
garnet (ND: YAG), Erbium-doped yttrium-aluminum-
garnet (Er:YAG), carbon dioxide (CO,), and gallium
aluminum arsenide(Ga-Al-As). The efficacy of their
desensitizing effect ranged from 2.5 to 100%, depending
on the type of laser used and application parameters!”
The  erbium, chromium:yttrium-scandium-gallium-
garnet (Er,Cr;YSGGQG) laser is commonly used for treating
DH. The laser's emission at a wavelength of 2780 nm is
primarily taken up by water and hydroxyapatites” hydroxyl
ions. This can cause physical and chemical changes in the
dentin structure, including melting and recrystallization.!®!

Laser interaction with dentinal tubules involves a
mechanism known as photomechanical ablation. In the
course of this, laser energy is absorbed by water present
in the dentin, resulting in the formation of high-pressure
microbubbles. These microbubbles create a mechanical
disturbance in the adjacent tissue, facilitating the removal
of debris and the closure or sealing of dentinal tubules.
Moreover, lasers can bring about thermal modifications in
the dentin, causing changes in its structure and the closure
of tubules. The specific interaction mechanism may differ
according to the kind of laser employed and its specific
parameters.[51

Other previous studies discussed the application of BG
and ER; CR, YSGG laser for the treatment of DH. Yet, none
have incorporated them together with different sequences
of application in occluding exposed dentinal tubules. Thus,
the goal of the current study was to compare the efficacy
of ER; CR, YSGG laser and BG nanoparticles (nanoBG)
alone and their combination with different sequences to
evaluate dentinal tubules’ occlusion in DH under scanning
electron microscopic imaging and energy- dispersive X-ray
spectroscopy analysis.

MATERIALS AND METHODS

Dentin specimen setting up and grouping

A total of 40 human extracted sound premolars teeth
free from caries, restorations, or fractures were collected,
from three dental clinics at 6th of October city, Cairo,
Egypt. Teeth were extracted from 20- to 35-year-old
patients for orthodontic treatments. Since the specimens
were extracted teeth, ethical committee approval was not
required for this research. The samples were cleaned and
stored in deionized water for this study. Dentin discs were
prepared from the crown, with a 2 mm thickness. All teeth
had been cut with an Isomet 4000; very thin diamond disc
perpendicular to long axis of the tooth. Finally, sound
dentin surface was obtained in eighty halves.!'1

For the purpose to simulate the sensitivity of dentin
surface, each specimen was submerged in 17% EDTA
solution (El-Gomhouria co., Egypt) for two minutes.
Subsequently, they were given a 30-seconds distilled
water rinse, revealing open dentinal tubules.'*! Samples
were divided equally and at random into a control and 4
experimental groups as the following:

Control group: consisted of 16 halves of dentin discs
with no treatment.

NanoBG group: consisted of 16 halves of dentin discs
treated with nanoBG paste (NanoTech, Egypt).

Er,Cr:YSGG laser group: consisted of 16 halves of
dentin discs treated with ER;CR:YSSG laser irradiation.

Er,Cr:YSGG laser + nanoBG group: consisted of
16 halves of dentin discs treated with ER;CR:YSSG laser
irradiation followed by nanoBG paste application.

NanoBG group + Er,Cr:YSGG laser: consisted of 16
halves of dentin discs treated with nanoBG paste followed
by laser irradiation.

Bioactive glass application

Bioactive glass nanoparticles used in the current
study were prepared by; NanoTech Egypt. It was
prepared by sol-gel method to reach the composition of
60Si02:35Ca0:5P205.1"1 The average size of the BG
nanoparticles was between 50.46 and 70.36 nm (Figure 1)
A rotating brush was used for 15 seconds at a low speed to
apply nanoBG paste.!'*!6]

Fig. 1: Transmission electron micrograph of nano bioactive glass particles

showing their average particle size.
ErnCr:YSGG Laser application

Er,Cr:YSGG laser with wavelength 2780 nm was
utilized. The Er,Cr:YSGG laser system applied was a
Biolase Waterlase MD (Measure Distance) fitted with a
fiber-tipped ‘Gold’ handpiece and scanning movement
(back and forth). The sapphire tip was used to deliver the
laser. Straight handpiece [MGG6] and the laser tip was
held perpendicular to the irradiated surface defocused 1
mm, in a non-contact mode and continuous wave beam
with 0% water and 0% air to prevent contamination of
dentin. Each area was irradiated for 30 seconds power 0.25
W, frequency 20 Hz, pulse duration 140 ps, spot area 600
pum.

Following the interventions, all the experimental
dentin specimens were stored in artificial saliva (1.5 mM/1
CaCl2, 5S0mM/1 KCl, 0.9mM/1 KH2 PO4, and adjusted
pH= 7.4) (NanoTech, Egypt). They were kept in incubator
for 24 hours in temperature of 370C before assessment.!”!
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Scanning Electron Microscope (SEM)/Energy
Dispersive X-ray (EDX) evaluation

Dentin discs were mounted on conductive aluminum
pin stubs with electro-conductor carbon glue prior to
SEM analysis. The used SEM Model was Quanta FEG
250 (Field Emission Gun) attached with EDX unit, with
accelerating voltage 30 K.V. at the Egyptian mining and
mineral research center. All samples were examined
morphologically using SEM at magnifications of (x2500),
(x5000), and (x6000). The EDX analysis system worked
as an integrated feature of the used SEM models attached
with EDX unit. The elemental distribution of phosphorus
and calcium was calculated from the dentin specimen.

Mean diameter of the dentinal tubule measurement

SEM images of magnification (x6000) were used
for morphometric analysis. Image analysis was done by
employing the image analysis program Image J (Image J
1.53d) via blinded assessor. As previously described by
Gholami et al;""! the mean diameter of the dentinal tubules
was assessed for each SEM image for each specimen of all
studied groups.

Statistical analysis

The mean and standard deviation (SD) were employed
to explain the data from the EDX analysis and the
measurements of the dentinal tubules' average diameter.
The normality test revealed that the data were distributed
normally. The ANOVA test and the multiple comparison
Tukey post-hoc test were used to analyze the data. A
p value of lower than 0.05 indicated that the findings
were statistically significant. Version 22 of the statistical
software was used to analyze the data.

RESULTS

Scanning Electron Microscopic results

Transverse sections of dentin discs in the control
group, captured by SEM micrographs showed the typical
etched dentinal tubules without smear layer. The dentinal
tubules appeared patent and widely opened. The dentinal
tubules orifices were surrounded by peritubular dentin
and they were separated from each other by intertubular
dentin. (Figures 2 A,B) While, the SEM micrographs
of the nanoBG group revealed allover opened dentinal
tubules with precipitation of nanoBG material on the
specimens’ surface. (Figure 3A) Closer view of nanoBG
group specimen revealed partially occluded dentinal
tubules with BG nanoparticles. Nevertheless, a limited
quantity of dentinal tubules was completely occluded with
nanoBG paste. (Figure 3B) The dentin specimens lased by
Er,Cr:YSGG laser revealed a major narrowing of dentinal
tubules’ orifices. (Figure 3C) A higher magnification of

laser irradiated discs revealed some completely sealed
dentinal tubules with signs of dentin melting, while others
appeared constricted. (Figure 3D)

SEM micrographs of Er,Cr:YSGG laser+ nanoBG
group clearly demonstrated a decrease in the diameter
of the dentinal tubules. (4A) At higher magnification
many dentinal tubules presented complete closure with
accumulation of BG nanoparticles, while some dentinal
tubules exhibited narrowing. (Figures 4 A,B) SEM
micrographs of dentin disc treated with nanoBG followed
by laser irradiation showed a huge areas of melted dentin
islands with minerals deposits on the dentin surface and
areas of concentration of nano-BG paste. (Figures 4 C,D)
At a higher magnification, the specimens revealed areas of
completely occluded dentinal tubules with melted dentin
enclosing lumen of dentinal tubules with mineralized
matrix deposition forming occlusion plugs. A noticeable
sealing of most of the dentinal tubules was detected,
while some dentinal tubules were partially sealed with the
presence of agglomerations of BG nanoparticles on the
surface. (Figure 4D)

EDX and Statistical Analysis Results

Calcium and Phosphorus weight percent statistical
analysis

The EDX evaluation revealed that the highest mean of
calcium and phosphorous Wt% was detected in nanoBG
+laser group, while the lowest value was detected in
control group. Pairwise comparison revealed a significant
increase in the mean of calcium and phosphorous Wt% in
nanoBG+laser group compared to laser, laser+nanoBG,
nanoBG, and control groups, displaying a statistically
significant difference between groups (p<0.05). A
significantly higher mean was also recorded in laser +
nanoBG group as compared to nanoBG and control groups.
In a comparable manner, the laser group's mean was found
to be significantly higher than that of the nanoBG and
control groups. (Tables 1,2,3,4, Figures 5 A,B).

Diameter of dentinal tubules

The statistical analysis of the mean diameter of dentinal
tubules showed that the highest average dentinal tubule
diameter was recorded in control group. Meanwhile, the
group which recorded the lowest value was nanoBG+laser
with a statistically significant difference as compared to the
other groups (p<0.05). Additionally, pairwise comparison
showed significantly higher value in nanoBG group and
laser group as compared to both nanoBG +laser and laser +
nanoBG groups. However, the difference between nanoBG
and laser groups as well as the difference between laser
+ nanoBG and nanoBG +laser groups lacked statistical
significance. (Tables 5,6, Figure 5C).
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Fig. 2: SEM micrographs of dentin specimen of control group. White arrows: open dentinal tubules. Yellow arrows: intertubular dentin. (A: Orig. mag. x2500,
B: Orig. mag. x6000).

Fig. 3: SEM micrographs of dentin specimen of nano-BG group (A, B) and Er,Cr:YSGG laser group (C,D). Yellow arrows: partially occluded dentinal tubules.
Red arrows: total occlusion of dentinal tubules. White arrows: narrowing of dentinal tubules. Yellow circles: BG nanoparticles aggregations. (A & C: Orig.
mag. x2500, B & D: Orig. mag. x6000)
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Fig. 4: SEM micrographs of dentin specimen of Laser + nano-BG group (A, B) and Nano-BG + laser group (C, D). Yellow arrows: partially occluded dentinal

tubules. Red arrows: total occlusion of dentinal tubules. White arrows: narrowing of dentinal tubules. Yellow circles: BG nanoparticles aggregations. (A & C:
Orig. mag. x2500, B & D: Orig. mag. x6000)
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Table 1: Descriptive statistics and comparison between groups for Calcium Wt%, (ANOVA test).

One way ANOVA
Parameter Group Mean Std. Error 95% Confidence Interval for Mean ~———
F Pvalue
Control group 13.921+2.589 0.819 (12.580,15.262)
nanoBG 18.012+1.267 ¢ 0.401 (16.671,19.353)
Calcium Wt% Laser 22.642+1.599 B 0.506 (21.301,23.983) 95.00 0.000*
Laser + nanoBG 25.101+2.880 B 0.911 (23.760,26.442)
nanoBG+laser 30.790+1.732 4 0.548 (29.449,32.131)

Significance level P<0.05, *significant.

Table 2: Detailed results of Tukey’s post hoc test for pairwise comparison between groups for Calcium Wt%.

Parameter Difference of Levels 95% Confidence Interval T-Value Adjusted P-Value
nanoBG nanoBG +laser (-15.454,-10.102) -13.57 0.000*
nanoBG +laser (-19.545, -14.193) -17.92 0.000*
Control group
nanoBG (-6.767, -1.415) -4.35 0.001*
nanoBG +laser (-10.824, -5.472) -8.65 0.000*
) Laser nanoBG (1.954, 7.3006) 4.92 0.000*
Calcium Wt%
Control group (6.045, 11.397) 9.26 0.000*
nanoBG +laser (-8.365, -3.013) -6.04 0.000*
nanoBG (4.413,9.765) 7.53 0.000*
Laser + nanoBG
Control group (8.504, 13.856) 11.87 0.000*
Laser (-0.217, 5.135) 2.61 0.085
Table 3: Descriptive statistics and comparison between groups for Phosphorus Wt% (ANOVA test).
One way ANOVA
Parameter Group Mean Std. Error 95% Confidence Interval for Mean
F Pvalue
Control group 4.846+1.471 F 0.465 (3.869, 5.823)
nanoBG 9.722+2.346 0.742 (8.745, 10.699)
Phosphorus Wt% Laser 12.261+0.802 © 0.254 (11.284, 13.238) 157.56 0.000*
Laser + nanoBG 17.518+1.324 8 0.419 (16.541, 18.495)
nanoBG-laser 20.081+1.304 » 0.412 (19.104, 21.058)

Significance level P<0.05, *significant

Table 4: Detailed results of Tukey’s post hoc test for pairwise comparison between groups for Phosphorus Wt%.

Parameter Difference of Levels 95% Confidence Interval T-Value Adjusted P-Value
nanoBG nanoBG +laser (-12.309, -8.409) -15.10 0.000*
nanoBG +laser (-17.185, -13.285) -22.21 0.000*
Control group
nanoBG (-6.826, -2.926) -7.11 0.000*
nanoBG +laser (-9.770, -5.870) -11.40 0.000*
Laser nanoBG (0.589, 4.489) 3.70 0.005*
Phosphorus Wt%
Control group (5.465, 9.365) 10.81 0.000*
nanoBG +laser (-4.513,-0.613) -3.74 0.005*
nanoBG (5.846, 9.746) 11.37 0.000*
Laser + nanoBG
Control group (10.722, 14.622) 18.47 0.000*
Laser (3.307, 7.207) 7.66 0.000*

Significance level P<0.05, *significant
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Table 5: Descriptive statistics and comparison between groups for diameter of dentinal tubules (um) (ANOVA test).

One way ANOVA
Parameter Group Mean Std. Error  95% Confidence Interval for Mean

F Pvalue

Control group 3.724+0.354 » 0.112 (3.516, 3.932)

nanoBG 2.029+0.348 © 0.110 (1.821, 2.236)
Diameter of dentinal tubules (um) Laser 1.924+0.349 B 0.110 (1.716, 2.132) 106.23 0.000*

Laser + nanoBG 1.2991+0.2498 © 0.0790 (1.0913, 1.5069)
nanoBG-laser 0.973+0.320 ¢ 0.101 (0.765, 1.181)

Significance level P<0.05, *significant

Table 6: Detailed results of Tukey’s post hoc test for pairwise comparison between groups for diameter of dentinal tubules (um).

Parameter

Difference of Levels

Diameter of dentinal tubules (um)

nanoBG

Control group

Laser

Laser + nanoBG

nanoBG +laser
nanoBG +laser
nanoBG
nanoBG +laser
nanoBG
Control group
nanoBG +laser
nanoBG
Control group

Laser

95% Confidence Interval T-Value Adjusted P-Value
(0.641, 1.470) 7.23 0.000*
(2.336, 3.166) 18.85 0.000*
(1.281,2.110) 11.62 0.000%*
(0.536, 1.366) 6.52 0.000*
(-0.519, 0.310) -0.72 0.952
(-2.215,-1.385) -12.34 0.000*
(-0.089, 0.741) 223 0.186
(-1.144,-0.315) -5.00 0.000*
(-2.840, -2.010) -16.62 0.000%*
(-1.040, -0.210) -4.28 0.001*

Significance level P<0.05, *significant.

DISCUSSION

Dentin hypersensitivity is a frequent dental disorder
in oral health where individuals experience intense
discomfort, when the exposed dentin is subjected into
stimuli such as touch, heat, changes in osmotic pressure,
or specific chemicals.['! The hydrodynamic theory states
that the dentinal fluid movement in the dentinal tubules,
causes dentin sensitivity and the pain that the nerves
experience. The quantity of exposed dentinal tubules is
linked to the intensity of dentin hypersensitivity.['”) Kara
et al ;% supposed that younger people exhibit a greater
increase in dental sensitivity, since older people's tubule
diameters are smaller. Consequently, extracted teeth from
patients aged 20 to 35 were used for this study. In order to
simulate dentin hypersensitivity, the dentinal tubules were
opened using EDTA.P!

Numerous studies have compared the efficiency of laser
treatment with conventional modalities for treating dentin
hypersensitivity. The dentin hypersensitivity has been
significantly reduced by Er:YAG and Er,Cr:YSGG lasers.
(221 Single treatment with the Er,Cr:YSGG laser effectively
and quickly reduced dentin hypersensitivity when compared
to a placebo treatment.!*! Furthermore, it was proven that
the Er,Cr:YSGG laser demonstrated superior performance
in treating dentin hypersensitivity when compared to
alternative desensitizing agents.?*! Consequently, we were
compelled to select the Er,Cr:YSGG laser as one of the
comparators in the current study in order to evaluate its
efficacy in treating DH.

Er,Cr:YSGG laser emits light in mid-infrared region at
2.78 nm. The 2.78 nm wavelength Er,Cr:YSGG laser was
selected for current experiment, since it is anticipated to be
effective in dental applications due to its thermomechanical
ablation mechanism and the strong absorption of their
wavelengths by water. Favoring to their ability to mitigate
numerous shortcomings, such as avoiding thermal harm to
the dental pulp and preventing surface damage to dental hard
tissues like dentin.[?>2% At high laser powers, Er,Cr:YSGG
laser can produce hard tissue ablation and can be used for
removing dental caries.”” Based on the parameters used
by Yilmaz and Bayindir; who used the sub-ablative dose
(0.25 watts) of Er,Cr:YSGG laser treatment over a three-
month period, the laser parameters used in the current
study were sub-ablative to avoid dentin damage. As they
revealed that the 0.25-watt laser treatment has been proven
to be an efficient and enduring method for treating dentin
hypersensitivity.”

Bioactive glass was our second comparator in treating
dentin hypersensitivity, as it has shown great effectiveness
in reducing pain associated with dentin hypersensitivity.
Bioactive glasses are mainly made of silicon, sodium,
calcium, and phosphorus in certain amounts. When these
glasses come in contact with biological fluids like saliva,
three things occur: (1) they release silanols, (2) they break
down, and (3) they create solid particles. This last step
is vital for sealing dentinal tubules. An outer layer forms
as a result of the glass's release of silica, calcium, and
phosphate ions. This layer can physically block dentinal
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tubules, reducing fluid flow in the dentin.?*3% In our
experiment nano-sized bioactive glass was used since it
was suggested that bioactive glass with smaller particle
sizes would dissolve at a faster rate due to their greater
surface area. As a result, they are more likely to come into
contact with surrounding materials.?*) Moreover, Sheng
et al.; discovered that nano-BG particles were more
effective than micro-BG and submicro-BG particles in
promoting mineral formation for sealing dentinal tubules?¥

The SEM results of the current study demonstrated
how the efficiency of all treatments were measured in
comparison to the control group. And most of all, the
effectiveness of the nanoBG+laser group. SEM images of
nanoBG group showed aggregations BG nanoparticles on
the dentin surface, while partially occluded dentinal tubules
with the nanoBG paste were seen. These finding were
advocated by Lee ef al.; who found that applying BG paste
to previously 17% EDTA treated dentin specimen revealed
that the dentin surface was mostly covered in clusters of
crystalline-like structures, with uniformly distributed BG
particles partially obstructing the dentinal tubules.!*!

The mean diameter of the dentinal tubules in the
Er:Cr:YSGG laser group's SEM pictures dropped to 1.924
um from the control group's 3.724 um with signs of dentin
melting in form of occlusion plugs obliterating the dentinal
tubules. These findings came in parallel with Gholami
et al.; who reported that applying Er:Cr:YSGG laser
with the same parameters of our study (Power= 0.25 W,
Frequency = 20 Hz, Wavelength: 2,780 nm Pd = 140
ps, 0% water) to etched dentin specimens revealed that
the dentinal tubules were blocked by the melting of the
peritubular dentin. By calculating the average diameters
of the dentinal tubules, they verified their findings for
Er;Cr:YSGG group, that was 1.73 um whereas the mean
diameter was 3.52 among the control group.!'!l

The results of our investigation showed that the
Er:Cr:YSGG laser group was superior to nanoBG group
in terms of SEM photomicrographs, dentinal tubule mean
diameter, and EDX analysis for calcium and phosphrous
content. Similarly, Kamel ef al., 2021; compared the impact
of Er,Cr:YSGG (A = 2780 nm) laser and 45S5 BG paste
on the remineralization of enamel white spot lesions. They
confirmed that the Er,Cr:YSGG laser group functioned
better than the BG group in remineralizing the enamel
white spots.?S) Conversely, Papazisi et al.; discovered
that BG45S5 completely blocked nearly all dentin tubules
(over 99%), while the use of Er,Cr:YSGG laser was also
successful in blocking dentin tubules but to a significantly
lesser degree (26.8%). This can be attributed to the
variation in the method used for preparing the BG, since
they underwent pretreatment with sandblasting in wet mode
for a duration of 10 seconds. Additionally, their experiment
had a longer duration, as the samples were immersed in an
artificial saliva solution for a duration of 2 weeks.?¢!

The combination of nanoBG with Er;Cr:YSGG
laser showed more profound results than using either

laser alone or using nanoBG alone, such combination
increased dentinal tubules occlusion with lowest mean of
dentinal tubules diameter was recorded in nanoBG+laser.
In accordance to our results, De Souza Penha et al;
demonstrated that within 24 hours of exposing 45S5 BG to
Nd:YAG laser irradiation, a layer of fused BG formed on
the dentin surface. The results of their EDX investigation
provided support for their hypothesis regarding the 45S5
BG layer's capacity that facilitate improved ionic exchanges
with the medium and its solubility, thereby allowing for
the immediate deposition of calcium and phosphate.
B7 Similarly, Kung et al.; found that applying both the
mesoporous BG therapy and the Er: YAG laser to the dentin
specimen may form an occlusion plug on the surface with
a 96% occlusion efficiency, in comparison to BG group
and ER: YAG group 94% and 64% respectively®®! Our
results can be explained by Pereira ef al.; who proposes
that laser irradiation of BG particles can create a strong
layer that resists demineralization. This is because the
irradiation causes morphological changes along with the
presence of carbonate free radicals. In turn, these radicals
have the potential to substitute hydroxyl ions and react
with phosphate ions, resulting in the formation of a phase
that is less soluble. The inclusion of BG would enhance the
presence of calcium and phosphate ions.*! Furthermore,
a study conducted by Bilandzic et al.; demonstrated that
BG ceramics can form a chemical link with bovine enamel
when a CO2 laser was utilized. These findings suggest that
chemical interactions between dentin and BGs cannot be
neglected.[*”

The limitations of this study included the assessment of
dentinal tubules occlusion mainly through the evaluation
of short-term mineral deposition on the dentin surface. The
samples were maintained in an artificial saliva solution for
a brief period of time. This enabled inferences to be made
solely about the short-term effectiveness of the products
employed for the treatment of DH. Another constraint
of the current study was the minimum quantity of dentin
samples and their absence of acidic challenges.

CONCLUSION

Combination of nano-BG and Er,Cr:YSGG laser were
found more effective with superior results, rather than using
each modality alone in treating dentin hypersensitivity.
Irradiating the specimen with Er,Cr:YSGG laser after
applying nano-BG paste gave superior sealing effect on
the dentinal tubules with lowest mean of dentinal tubules
diameter and highest calcium and phosphorous weight
percent.

RECOMMENDATIONS

Further studies are required to investigate the effects
of altering the parameters of the Er,Cr:YSGG laser,
specifically in terms of power, frequency, and duration as
well as greater sample size and longer follow-up periods
than the present study. Comparative clinical trials and
long-term investigations are necessary to validate the
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effectiveness of these medications for pain alleviation and
dentin calcification.
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