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ARTICLE INFO ABSTRACT

Dental caries is a prevalent chronic infectious illness caused by tooth-adherent
Article History: cariogenic bacteria. Demineralization by acid invasion is the fundamental
Received 26 April 2024 principle of a dental caries lesion. One of the possibly effective preventative
Accepted 28 June 2024 methods against dental caries is laser and nanotechnology. The objective of
Published 01 July 2024 this study is to determine the impact of the Nd:YAG laser and PLGA/Xylitol

nanoparticles on the microhardness of dental enamel and the morphological

Keywords: change in the dental enamel ultrastructure. In this study, 55 maxillary first
PLGA premolars were divided into five groups: four study groups and one control
Xylitol group, each with 11 teeth; 10 teeth were examined for microhardness, while one
Nanoparticles tooth was subjected to SEM. A circular window was positioned on the buccal
ND: YAG laser surface of each tooth. Following a PH cycling technique to activate caries lesions
Dental Enamel on the tooth enamel, lasing was performed using predetermined parameters.

The PLGA/Xylitol nanoparticle concentration was adjusted to 5%. The
microhardness and morphological change were measured quantitatively using
micro Vickers and SEM, respectively, at 3 stages: sound, demineralization, and
treatment. Enamel microhardness values decreased highly significantly after
the demineralization stage compared to the sound stage for all groups. After
application of various agents, the microhardness values of all treated groups,
excluding the control, increased highly significantly in comparison to the
demineralization stage. The nanoparticles+laser treated group exhibited a sharp
increase in microhardness values. An SEM showed an ultrastructural change
that began with the loss of typical enamel structure after demineralization. The
application of nanoparticles, nanoparticles + laser, and laser + nanoparticles
caused the majority of surface defects to be repaired. The enamel surface treated
with Nd:YAG laser and PLGA/Xylitol nanoparticles yielded favorable results in
terms of microhardness and SEM analysis, suggesting that this therapy could be
recommended as a means of preventing dental caries.
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INTRODUCTION

Enamel is the human body’s hardest tissue, Enamel is composed of the smallest structural
and it produces a protective layer of varied units, needle- or plate-like Hydroxyapatite (HAP).
thickness across the entire tooth crown. It acts HAP crystals, which are calcium phosphate salts,
as a semipermeable membrane, allowing partial compose the mineral content of dental enamel,
or complete transport of specific particles [1, 2]. resulting in enamel prisms [3, 4]. Dental caries is a
* Corresponding Author Email: ghadaalbaghdadil5@gmail.com multifactorial disorder involving the collaboration
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of bacteria on the teeth’s surfaces, dental plaque,
and diet, particularly carbohydrate parts of meals,
which are fermented to organic acids by the plaque
microflora over time [5]. Dental caries are linked
to continuous cycles of demineralization and
remineralization, with the intervening stages either
irreversible or reversible [6]. In spite of dental
caries can be prevented, it remains a public health
problem, so that priority is prevention of dental
caries better than advanced restorative treatment
[7]. Lasers have many applications in the medical
and dental fields [8]. Neodymium-doped Yttrium
Aluminum Garnet (Nd:YAG) is one of the most
famous types of laser. It emits light with an
infrared wavelength of 1064 nm. Typically, pulsed
Nd:YAG lasers are triggered in the Q-switching
mode [9]. There are many advantages of laser
treatment in comparison to traditional treatment,
including decreased hemostasis, tissue swelling,
and cellular destruction; reduced post-operative
complications; and increased visualization of
surgical sites [10].

Nd:YAG laser irradiation was capable of
enhancing the acid resistance of dental enamel
and capable of damaging pathogenic organisms
[11, 12, 13].

Nanotechnology or nanoscience is defined
as the investigation and evolution of an applied
science at the molecular or atomic level [14].
The particle size is decreased to nanometers,
which are between 1 and 100 nanometers this
will enable greater presence of atoms on the
surface, which provides maximum contact with
the environment and makes penetration through
cell membranes possible. Hardness, active surface
area, chemical reactivity, and biological activity can
all be altered, resulting in increased drug release
of active therapeutic agents [15, 16, 17, 18].
Nanotechnology has been evaluated in different
areas of medical and dental applications including
the prevention of dental caries [19, 20, 21,22, 23].

PLGA is a polylactic acid (PLA) and polyglycolic
acid (PGA) copolymer. It is the best-characterized
biomaterial currently available for drug delivery
in terms of performance and design [24]. PLGA
nanoparticles may be used in many dental fields,
such as dental surgery, endodontic therapy,
implantology, cariology, and periodontology
[25]. Xylitol is a safe, nonfermentable sugar
alcohol that has been considered a cariostatic
and noncariogenic agent. When used as gum or
mints, they will lead to increased mineral-rich
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saliva and alkalinity from small salivary glands in
the palate. Increased salivary flow leads to higher
mineral content and buffering capacity. This will
lead to the remineralization of the destructive
areas of enamel [26, 27]. Xylitol can activate the
remineralization of deeper demineralized enamel
layers by easing calcium accessibility and mobility
[28]. To increase the activity of xylitol, it can be
loaded into PLGA nanoparticles. Xylitol loaded
with nanoparticles was successfully improved and
led to a reduction in the particle size, an increase in
particle surface, and enhanced antibiofilm activity
of xylitol [29, 30].

To date, no study has assessed the combination
effect of PLGA/ Xylitol. nanoparticles with the
Nd:YAG laser on human dental enamel, so this
study will be conducted.

MATERIALS AND METHODS

An in vitro study was conducted from August
2022 to November 2022 using 55 maxillary first
premolars in Baghdad, Iraq. Ethical approval for
the study was conducted at the Department of
Pediatric and Preventive Dentistry, College of
Dentistry, University of Baghdad, after receiving
ethical approval from the University of Baghdad’s
Ethical Committee (Ref. 560 on April 17, 2022).

Laser irradiation procedure

For irradiating the dental enamel surfaces, an
AQ-switched Nd:YAG laser (Model Number: PL755,
Wave Length: 1064, 532 nm, China), operating
at 532 nm wavelength (according to UV visible
measurement in the pilot study). Frequency 1 Hz
and powered to 2 nanosecond laser pulses (1 J)
(Fig. 1). To achieve the required laser fluence on
the enamel surface, a positive lens with a focal
length of 10 cm was used. An optical microscope
was used to detect a laser spot with a diameter of
0.8 mm by making a burn mark on carbon paper.
Lasing was created at the Department of Applied
Science at the University of Technology. The out
put energy for the laser group is 60 mJ, and the
number of pulses is 5.

Preparation of nanoparticles

A solvent evaporation method used for the
production of PLGA and xylitol nanoparticles. The
concentration of nanoparticles in this experiment
was established at 5% based on a pilot study
(Fig. 2). In distilled water, xylitol and surfactants
were dissolved, while PLGA was dispersed in
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acetone. Using a sonicator (Bransonic, USA), the
organic phase was introduced drop by drop to
the aqueous solution, followed by two hours of
rotaty evaporation at 40 °C. Using a freeze dryer,
the nanoparticles were then frozen at 80 °C for 18
hours and lyophilized at 110 °C for 24 hours (CD-
2820, China) [29].

Identification of nanoparticles
Ray Diffraction Pattern (XRD)

It is the technology used to determine the type
and phase of a substance without distortion. To
detect deviation information, it is necessary for
the incident light on the substance to deviate
at a specific angle [31]. The X-ray identified the
characteristics of nanoparticles by dropping a
solution onto glass slides and allowing it to dry.
The X-ray radiation source was CuKa (1.54 eV)
at an angle of 26 (10°-80°). This investigation
was conducted in the XRD Laboratory of the

0.00

Nanoscience Department at the University of
Technology.

Filed Emission Scanning Electron Microscopy
(FESEM)

The FE-SEM is an electron microscope. In a
raster-scan fashion, it scans the specimen surface
with a high-energy electron beam. Electron
emitters from the FE-SEM gun were implemented.
It emits up to 1,000 times more light than a
tungsten filament. However, they needed higher
vacuum levels. After leaving the electron gun, the
electron beam is confined and focussed into a
thin, monochromatic beam using magnetic lenses
and metal apertures. Then, microscopes that
collect signals to create an image of the material
are equipped with detectors of each type of
electron. Images produced by in-lens FESEM are
clearer and less electrostatically deformed than
those produced by SEM [32].

Picotech

Fig. 1. ND:YAG laser

Fig. 2. PLGA/ xylitol nanoparticles
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Sample preparation

In this study, 55 maxillary first premolars from
Iragi patients aged 12 to 22 seeking orthodontic
treatment were collected. Teeth are classified
into five types: Four study groups and one control
group each had 11 teeth: one tooth for SEM
evaluation and ten teeth for microhardnessing.

Group 1: non-treatment with neither lasers nor
nanoparticles (deionized water DW).

Group 2: will only be treated with lasers.

Group 3: will be administered PLGA/Xylitol
nanoparticles.

Group 4: laser treatment first followed by
PLGA/Xylitol nanoparticles (laser + nanoparticles)

Group 5: Will be treated with PLGA/Xylitol
nanoparticles followed by laser (nanoparticles+
laser).

A circular window was positioned and
standardized on the buccal surface of each
tooth. (Fig. 3). This window was scraped and
polished to produce a flat surface suitable for
SEM and microhardness testing [33]. By preparing
demineralizing and remineralizing solutions, PH
cycling was used to activate caries lesions on the
enamel surface [34].

The microhardness was measured using a digital
micro Vickers hardness tester with a 100-gram
load for 15 seconds in the Materials Engineering
Department Laboratory at the University of

Fig. 3. Preparation of window on buccal surface of
maxillary first premolar tooth
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Fig. 4. The XRD pattern A- The XRD pattern of xylitol, B- The XRD pattern of PLGA/ Xylitol nanoparticles
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Technology. Vickers microhardness measurment
was made by optical microscope according to
the instruction [35]. Three indentations for each
specimen were done, and three identical records
were kept. The average of these three records was
then determined. A Scanning Electron Microscopy
(SEM) examination of one specimen from each
group was performed to detect the existence
of morphological abnormalities on the enamel
surface by scanning the specimen with a focused
electron beam [36]. The gold-coated teeth were
placed in a machine with a vacuum system to
improve the imaging of samples [37, 38].

Statistical Package for Social Research was used
for descriptive analysis, and presentation (SPSS
version -22, Chicago, lllionis, USA). Levene test
for such a quantitative variable that includes the
minimum, maximum, mean, standard deviation
(SD), and standard error. One way ANOVA test the
mean difference for 3 groups and more and using
Bonferroni posthoc test, Tukey HSD Two Sided.

Not significant with a P value more than 0.05,
significant at a P value lower than 0.05

RESULTS AND DISCUSSION
XRD Analysis
Cu Ka radiation was used to determine the X-ray

X-ray diffracted patterns of xylitol and PLGA/xylitol
nanoparticles. Indicative of the transformation
of the material into nanoparticles, a difference
was seen in the breadth of the beak, as xylitol
had a high degree of crystallization before it was
transformed into nanoparticles, at which point it
became less crystallized. The substance’s crystal
size was determined using Scherer’s equation.

Filed Emission Scanning Electron Microscopy
(FESEM)

The FESEM analysis is a crucial test for
determining the morphology of nanoparticles
that have been manufactured. The form and
size of PLGA/Xylitol nanoparticles were depicted
in Fig. 5. The photos depict a heterogeneity of
nanoparticles with various sizes and shapes. The
particle sizes are smaller than 100 nm.

Microhardness values (mean and standard
deviation) of enamel surfaces treated with
different agents

The mean microhardness values for the
sound, demineralization, and treatment stages
were determined. The ANOVA test revealed
that there was no significant difference in the
microhardness values between the groups for

diffraction results (1.5406 A). Fig. 4 depicts the either sound or demineralization (p>0.05).
Table 1. Normal distribution among groups using Shapiro Wilk test at p>0.05.
Shapiro-Wilk
Groups Base line Demineralization Treatment
Statistic df P value Statistic df P value Statistic df P value
Control DW 0.849 10 0.057 0.853 10 0.062 0.928 10 0.426
ND:YAG 0.858 10 0.072 0.869 10 0.098 0.875 10 0.114
Nano 0.895 10 0.191 0.880 10 0.132 0.942 10 0.575
ND:YAG+Nano 0.933 10 0.476 0.944 10 0.596 0.909 10 0.276
Nano+ND:YAG 0.855 10 0.066 0.859 10 0.074 0.916 10 0.325

DW: Deionized water group
Nano: PLGA/Xylitol nanoparticles group

Fig. 5. FESEM of PLGA/ Xylitol nanoparticles
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During the remineralization stage, statistically
highly significant variations between groups were
observed (p < 0.001) (Table 2). Following the
demineralization stage, all groups experienced
a highly significant decline in microhardness
values relative to the microhardness values of the
sound teeth stage. The application of different
treatments (remineralization stage) resulted in a
highly significant increase in microhardness values
for all treated groups except the control group
compared to the demineralization stage (Table 3).

During the remineralization stage, when the
microhardness values of all groups are compared,
statistically highly significant differences between

the control group and all treatment groups
are found (p<0.001). When ND:YAG group
was compared to the nanoparticles + ND:YAG
groups, there was a significant difference (p <
0.05). By comparing the groups treated with
nanoparticles and nanoparticles + ND:YAG , a
statistically significant difference was shown.
There were no significant differences between the
other groups (p > 0.05). In comparison to other
treatments, the control (de-ionized water) has a
minor change in microhardness. Treatment with
nanoparticles +lasers lead to the greatest change
in microhardness among the other groups, while
treatment with lasers resulted in the least change

Table 2. Descriptive and statistical test of surface microhardness among groups and phases.

DW ND:YAG Nano ND:YAG+Nano Nano+ND:YAG F p
Minimum 295500  251.330  286.630 280.000 252.800
i Maximum 370130 413900  350.500 338.000 390.900
Baseline Mean 326.113 323249  332.683 305.409 347.704 1.608 0.189NS
+5D 25.616 55.019 24.694 17.246 52.255
Minimum 150500  161.930  158.030 146.370 189.870
o Maximum 208000 212530  210.770 207.270 235.000
Demineralization Mean 188.867 194176  179.530 189.827 213.134 2314 0.052 NS
5D 20.805 19.056 19.061 17.677 18.519
Minimum  155.000  251.210  211.980 258.330 292.370
Maximum 302150  298.170  283.630 281.930 310.200 )
Treatment Mean 202778 269.920  258.264 274.685 301.429 23.010 0000 Sig.
5D 39.989 19.402 28.421 6.323 7.398
F 48.644 63.155 78.175 67.030 78.192
P 0.000 0.000 0.000 0.000 0.000
Effect size 0.689 0.742 0.7803 0.753 0.7804
Minimum  -7.582 40.060 33.051 65.336 43342
VHR Maximum 61043  156.027  69.788 94.962 183.981
Mean 8.954 73.562 50.227 74.441 81.757
5D 19.664 47.075 12.989 10.968 54.625

DW: Deionized water group

Nano: PLGA/Xylitol nanoparticles group

Table 3. Multiple pairwise comparisons of surface microhardness among phases by groups using Bonferroni posthoc test.

Groups Phases Mean difference p value
. Demineralization 137.246 0.000

Baseline
bw Treatment 123335 0.000
Demineralization Treatment -13.911 0.250
. Demineralization 129.073 0.000

. Baseline
ND:YAG Treatment 53.329 0.001
Demineralization Treatment -75.744 0.000
. Demineralization 153.153 0.000

Baseline
Nano Treatment 74.419 0.000
Demineralization Treatment -78.734 0.000
. Demineralization 115.582 0.000

. Baseline
ND:YAG+Nano Treatment 30.724 0.076
Demineralization Treatment -84.858 0.000
Baseline Demineralization 134.570 0.000
Nano+ND:YAG Treatment 46.275 0.003
Demineralization Treatment -88.295 0.000

DW: Deionized water group

Nano: PLGA/Xylitol nanoparticles group
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in comparison to the demineralization (Table 4).

Microscopic features of the outer enamel surface
using Scanning Electron Microscope (SEM)

The structural alterations of the enamel surface
for each group are depicted in the figures below.

Fig. 6 depicts the typical, undamaged, and
smooth enamel surface structure of the control
group (sound enamel), with normal perikymata
arranged in parallel lines with few holes. The
demineralization group’s enamel surface structure
has changed. The prisms exhibited irregularity,
causing the enamel to deviate from its normal
construction. As seen in Fig. 7, there are numerous
micropores and cavities on the enamel surface.

Fig. 8 shows a SEM image of an enamel
surface treated with a Nd:YAG laser. Examination

revealed the disappearance of normal enamel
perikymata, the formation of microgaps, craters,
fissures, and unique melted and recrystallized
areas. SEM picture of an enamel surface treated
with nanoparticles (Fig. 9) the existence of
globular, crystalline, and amorphous structures
that occlude the micropores created during the
demineralization stage.

Fig. 10 shows the SEM of the group (laser
+ nanoparticles); the deformation caused by
laser radiation was corrected by nanoparticle
precipitation. Fig. 11 depicts the structural
alteration caused by the group (nanoparticles
+ laser), with the majority of the micropores
occluded and hidden. Deposition of nanoparticles
scattered on the enamel surface and filling surface
defects reduced the surface roughness caused by

Fig. 6. SEM for normal sound enamel surface

Table 4. Multiple pairwise comparisons of surface microhardness among groups by phases using (Tukey HSD)

Groups Mean difference Tukey HSD p value
ND:YAG -67.142 0.000
DW Nano -55.486 0.000
ND:YAG+Nano -71.907 0.000
Nano+ND:YAG -98.651 0.000
Nano 11.656 0.813
ND:YAG ND:YAG+Nano -4.765 0.992
Nano+ND:YAG -31.509 0.040
Nano ND:YAG+Nano -16.421 0.549
Nano+ND:YAG -43.165 0.002
ND:YAG+Nano Nano+ND:YAG -26.744 0.110

DW: Deionized water group
Nano: PLGA/Xylitol nanoparticles group
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laser radiation. Within the pores, nanoparticles
create a plug.

Dental caries is still a widespread public health
issue. Despite the fact that there are numerous
strategies to avoid it, there is still a need to develop
new strategies for implementing comprehensive
preventive programs. Laser and nanotechnology
are two of the potentially effective preventive
measures.

A pH cycling technique was developed to
activate carious lesions [39]. This method is
viewed as a better encouragement of the in vivo
condition in which the enamel is subjected to a

de- and remineralizing sequence at the onset of
dental caries. In the current investigation, this
process took ten days [39, 40, 41]. All groups
had their enamel microhardness measured at 3
stages (sound, demineralization, and treatment).
At demineralization and the beginning of a
dental caries lesion, there is a statistically highly
significant decrease in the microhardness of the
enamel surface in comparison to the sound tooth
surface. This is due to the fact that any drop in
the pH of the surrounding environment under the
critical pH (5.5) will create an acidic environment,
causing the tooth minerals, phosphorous and

mag O | det | p S VD 100 pm
<V| 1000 |ETD|3 n label

Fig. 8. SEM for enamel surface treated with laser
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calcium in particular, to move outward, leaving
micropores and decreasing microhardness [42].
This result was supported by SEM micrograph
of the demineralized stage that showed many
microspaces and voids. For the all-treated group,
the results showed that microhardness was rising
with statistically highly significant differences in
comparison to the demineralization stage.

Studies showed that laser irradiation causes a
rise in temperature in dental tissues. The chemical

composition and structure of dental enamel
are altered when the temperature rises [43,44].
These changes include heat recrystallization, the
loss of water, a decrease in carbonate, and an
increase in crystal size, as well as the creation of
tricalcium phosphate and pyrophosphate through
the condensation of acid phosphate ions [45].
Pyrophosphate inhibits the disintegration of
crystals, but tri- and tetracalcium phosphates are
more acid-sensitive than hydroxyapatite [46, 47].

n el

Fig. 9. SEM for enamel surface treated with nanoparticles

Fig. 10. SEM for enamel surface treated with ND:YAG+Nanoparticles
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Enamel becomes more resistant to acid attack
[11, 12]. This may also be attributed to evidence
that laser wave length is consistent with the
absorption peak of hydroxyapatite crystal, which
is the main constituent of dental enamel, and
then greatly absorbed and effectively transformed
to heat without destroying the surrounding or
underlying tissues, resulting in modifications of
the ultrastructural enamel surface (melting and
re-crystallization) and increased microhardness
[48].

The current laser study’s findings agree with
those of A. Alkaisi and B. Salma, 2021, who
established that the Nd:YAG laser is effective
for improving the microhardness of the dental
enamel with the least morphological defect by
employing low energy with more pulses [47].
The findings disagree with M. Majori, 2005, who
found no significant differences between treated
and untreated tooth enamel samples [49]. This
was most likely owing to the several variables
involved in the lasing process, such as power,
pulse frequency, and irradiation time.

Melting and re-solidification processes will be
demonstrated by the formation of microspaces
(holes) as a consequence of water evaporation
from the tooth enamel matrix, as demonstrated
by a SEM micrograph.

Xylitol, also known as (CHOH),(CH,OH),, is a
safe sugar alcohol sweetener that does not cause
caries by preventing bacterial fermentation [50].

Xylitol can promote phosphate and calcium ion
transit for the remineralization of demineralized
enamel, which can concentrate calcium [28, 51,
52]. Study showed that PLGA loaded with the
material increased the microhardness [53]. There
is no previous study to compare the effect of PLGA/
Xylitol nanoparticles on tooth enamel, so compare
with studies including xylitol. The findings of this
study support the findings of prior studies that
found xylitol to have the highest remineralizing
property [54, 55]. The SEM micrograph showed
amorphous, crystalline, and globular formations
that formed on the surface of the enamel and
filled the microgaps.

When compared to the demineralization
stage, there was a statistically highly significant
difference in the mean values of microhardness
for the group treated with laser followed by
nanoparticles. The most likely explanation is that
laser treatment first creates microgaps (holes)
that promote ion incorporation, and then these
microgaps are closed with nanoparticles [56]. The
SEM micrograph revealed that the precipitation
of a nanoparticle layer corrected the majority
of the surface crakes and flaws caused by laser.
The mean values of microhardness increased
with a statistically highly significant difference in
the group treated with nanoparticles followed
by laser irradiation, which may be due to the
synergistic effect of nanoparticle incorporation
in the outer enamel structure with the process

Fig. 11. SEM for enamel surface treated Nano particles +ND:YAG
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of melting and re-solidification caused by laser
irradiation. Another hypothesis is that when the
enamel surface was exposed to nanoparticles
followed by laser, the laser assisted in the ion
connecting of the remineralizing agent [57, 58,
59, 60]. This is also confirmed in the current work
by SEM micrographs, which demonstrated that
the majority of the microspaces were closed by
nanoparticles that were recrystallized, melted,
and trapped in the microspaces, forming a plug.

There was no prior research with which to
compare the outcomes of this experiment.
When compared to the control group, there
is a statistically highly significant difference
in microhardness values for all groups. The
nanoparticles + laser group produced the most
remineralization as the highest number was
reported compared to the demineralization
stage. Laser + nanoparticles came next, then the
nanoparticles group, then the laser group, coming
just before the control (teeth treated with de-
ionized water), which recorded the least changes.
This could be owing to the synergistic action of the
combined technique, which causes values to grow
more than microhardness values when laser and
nanoparticles are employed separately.

The highest rise in the group of nanoparticles
followed by lasers, as this conclusion may roughly
match the finding of the study by S. Valizadeh et
al., 2020. It was demonstrated that applying a
treatment agent prior to irradiation is superior
to irradiation followed by the application of a
treatment agent [61]. Which may be due to the
synergistic effect of nanoparticle incorporation
in the outer enamel structure with the process
of melting and re-solidification caused by laser
irradiation [57-60]. Although all of the agents
tested raised the meanvalues of the microhardness
of dental enamel, none of them produced results
that were close to the original microhardness
values of sound teeth. This could be due to the
current study’s short application time. Increased
application time to weeks rather than one week
may raise microhardness values; nevertheless,
additional research will be required in the future
to evaluate whether the hardness approaches the
original value or is enhanced higher.

CONCLUSION

The treatment of the tooth enamel surface with
nanoparticles and laser produced good results
in terms of microhardness and SEM evaluation,

990

which might be attributed to the synergistic action
of the laser and nanoparticles. This treatment
could be considered for the prevention of dental
cavities.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Marya CM, editor. A Textbook of Public Health Dentistry:
Jaypee Brothers Medical Publishers (P) Ltd.; 2011.

2. Dental Caries. Springer Berlin Heidelberg; 2016.

3. Robinson C, Shore RC, Brookes SJ, Strafford S, Wood SR,
Kirkham J. The Chemistry of Enamel Caries. Critical Reviews
in Oral Biology and Medicine. 2000;11(4):481-495.

4. Mann AB, Dickinson ME. Nanomechanics, Chemistry and
Structure at the Enamel Surface. Monographs in Oral
Science: KARGER; 2005. p. 105-131.

5. Sharma A. Through The Eyes of An Ophthalmologist. Delhi
Journal of Ophthalmology. 2022;32(3).

6. Gopakumar R, Mampilly MO, Nallamothu R, Jayachandran
M, Terence NM. Analysis of Remineralization Potential of
Three Different Remineralizing Pastes on Demineralized
Enamel: A Comparative Study. The Journal of Contemporary
Dental Practice. 2021;22(8):939-942.

7. Cochrane NJ, Cai F, Hug NL, Burrow MF, Reynolds EC. New
Approaches to Enhanced Remineralization of Tooth Enamel.
J Dent Res. 2010;89(11):1187-1197.

8. Sulewski JG. Historical survey of laser dentistry. Dent Clin
North Am. 2000;44(4):717-752.

9. Koechner W, Bass M. Solid-State Lasers. Advanced Texts in
Physics: Springer New York; 2003.

10. Bhattacharyya B. Chapter-11 Nd: YAG Corticolysis. Clinical
Applications: YAG Laser: Jaypee Brothers Medical Publishers
(P) Ltd.; 2005. p. 78-79.

11.Zezell DM, Boari HGD, Ana PA, Eduardo CdP, Powell GL.
Nd:YAG laser in caries prevention: A clinical trial. Lasers in
Surgery and Medicine. 2009;41(1):31-35.

12.El Mansy MM, Gheith M, El Yazeed AM, Farag DBE.
Influence of Er, Cr: YSGG (2780 nm) and Nanosecond Nd:
YAG Laser (1064 nm) Irradiation on Enamel Acid Resistance:
Morphological and Elemental Analysis. Open Access
Macedonian Journal of Medical Sciences. 2019;7(11):1828-
1833.

. Wainwright M, Maisch T, Nonell S, Plaetzer K, Almeida A,
Tegos GP, et al. Photoantimicrobials—are we afraid of the
light? The Lancet Infectious Diseases. 2017;17(2):e49-e55.

14. Manjunatha BS, Shah R, Purohit S, Astekar M, Kovvuru S,
Mahita VN. Quantification and localization of mast cells in
periapical lesions. Annals of Medical and Health Sciences
Research. 2015;5(2):115.

15.Freitas RA.  Nanotechnology, nanomedicine and
nanosurgery.  International  Journal  of  Surgery.
2005;3(4):243-246.

16.. Nanoscience and Nanotechnology. 2018;1(1).

17.Hannig M, Hannig C. Nanomaterials in preventive dentistry.
Nature Nanotechnology. 2010;5(8):565-569.

18.Thomas LM, Khasraghi AH. Nanotechnology-Based Topical
Drug Delivery Systems for Management of Dandruff
and Seborrheic Dermatitis: An overview. Iraqi Journal of
Pharmaceutical Sciences ( P-ISSN: 1683 - 3597 , E-ISSN :

1

w

J Nanostruct 14(3): 980-992, Summer 2024
(@)er |


http://dx.doi.org/10.5005/jp/books/11413
http://dx.doi.org/10.5005/jp/books/11413
http://dx.doi.org/10.1007/978-3-662-47450-1
http://dx.doi.org/10.1177/10454411000110040601
http://dx.doi.org/10.1177/10454411000110040601
http://dx.doi.org/10.1177/10454411000110040601
http://dx.doi.org/10.1159/000090588
http://dx.doi.org/10.1159/000090588
http://dx.doi.org/10.1159/000090588
http://dx.doi.org/10.7869/djo.751
http://dx.doi.org/10.7869/djo.751
http://dx.doi.org/10.5005/jp-journals-10024-3095
http://dx.doi.org/10.5005/jp-journals-10024-3095
http://dx.doi.org/10.5005/jp-journals-10024-3095
http://dx.doi.org/10.5005/jp-journals-10024-3095
http://dx.doi.org/10.5005/jp-journals-10024-3095
http://dx.doi.org/10.1177/0022034510376046
http://dx.doi.org/10.1177/0022034510376046
http://dx.doi.org/10.1177/0022034510376046
http://dx.doi.org/10.1016/s0011-8532(22)01317-9
http://dx.doi.org/10.1016/s0011-8532(22)01317-9
http://dx.doi.org/10.1007/b97423
http://dx.doi.org/10.1007/b97423
http://dx.doi.org/10.5005/jp/books/10118_11
http://dx.doi.org/10.5005/jp/books/10118_11
http://dx.doi.org/10.5005/jp/books/10118_11
http://dx.doi.org/10.1002/lsm.20738
http://dx.doi.org/10.1002/lsm.20738
http://dx.doi.org/10.1002/lsm.20738
http://dx.doi.org/10.3889/oamjms.2019.359
http://dx.doi.org/10.3889/oamjms.2019.359
http://dx.doi.org/10.3889/oamjms.2019.359
http://dx.doi.org/10.3889/oamjms.2019.359
http://dx.doi.org/10.3889/oamjms.2019.359
http://dx.doi.org/10.3889/oamjms.2019.359
http://dx.doi.org/10.1016/s1473-3099(16)30268-7
http://dx.doi.org/10.1016/s1473-3099(16)30268-7
http://dx.doi.org/10.1016/s1473-3099(16)30268-7
http://dx.doi.org/10.4103/2141-9248.153616
http://dx.doi.org/10.4103/2141-9248.153616
http://dx.doi.org/10.4103/2141-9248.153616
http://dx.doi.org/10.4103/2141-9248.153616
http://dx.doi.org/10.1016/j.ijsu.2005.10.007
http://dx.doi.org/10.1016/j.ijsu.2005.10.007
http://dx.doi.org/10.1016/j.ijsu.2005.10.007
http://dx.doi.org/10.18063/nn.v1i1
http://dx.doi.org/10.1038/nnano.2010.83
http://dx.doi.org/10.1038/nnano.2010.83
http://dx.doi.org/10.31351/vol29iss1pp12-32
http://dx.doi.org/10.31351/vol29iss1pp12-32
http://dx.doi.org/10.31351/vol29iss1pp12-32
http://dx.doi.org/10.31351/vol29iss1pp12-32

19.

20.

2

[y

2

N

23

24,

2

(92}

26.

27.

28.

29.

30

31.

32.

33.

34,

35.

36.

37.

G. Ibrahim et al. / The Impact of ND: YAG Laser and PLGA/ Xylitol NPs on Dental Enamel

2521 - 3512). 2020;29(1):12-32.

An in vitro study of concentration specific antioxidant
activity of commonly using herbs. International Journal
of Advanced Research in Biological Sciences (IJARBS).
2016;3(10):31-37.

Abd ST, Ali AF. Effect of Zinc Oxide Nanoparticles on Total
Salivary Peroxidase Activity of Human Saliva : In Vitro Study.
Journal of Baghdad College of Dentistry. 2015;27(2):178-
182.

.Al-Bazaz FA-R, Radhi NJM, Hubeatir KA. Sensitivity of

Streptococcus Mutans to Selected Nanoparticles : In
Vitro Study. Journal of Baghdad College of Dentistry.
2018;30(1):69-75.

.Jaber GS, Khashan KS, Abbas MJ. Study the antibacterial

activity of zinc oxide nanoparticles synthesis by laser
ablation in liquid. Materials Today: Proceedings.
2021;42:2668-2673.

.Jaber GS, khashan k, Abbas MIJ. Enhancement of

Antibacterial and Mechanical Features of Glass lonomer
Restoration by Adding ZnO&amp;nbsp;Nanoparticles
Prepared by PLAL: In Vitro Study. Research Square Platform
LLC; 2021.

Nair LS, Laurencin CT. Biodegradable polymers as
biomaterials. Prog Polym Sci. 2007;32(8-9):762-798.

.Virlan MJR, Miricescu D, Totan A, Greabu M, Tanase C,

Sabliov CM, et al. Current Uses of Poly(lactic-co-glycolic
acid) in the Dental Field: A Comprehensive Review. Journal
of Chemistry. 2015;2015:1-12.

Méakinen KK. Sugar Alcohols, Caries Incidence, and
Remineralization of Caries Lesions: A Literature Review.
International Journal of Dentistry. 2010;2010:1-23.

Talattof Z, Azad A, Zahed M, Shahradnia N. Antifungal
Activity of Xylitol against Candida albicans: An in vitro
Study. The Journal of Contemporary Dental Practice.
2018;19(2):125-129.

Miake Y. Remineralization effects of xylitol on demineralized
enamel. Journal of Electron Microscopy. 2003;52(5):471-
476.

Anjum A, Chung P-Y, Ng S-F. PLGA/xylitol nanoparticles
enhance antibiofilm activity via penetration into biofilm
extracellular  polymeric substances. RSC Advances.
2019;9(25):14198-14208.

.Bhattacharya S. Development of 5-FU Loaded poly lactic-

co-glycolic acid Nanoparticles for Treatment of Lung Cancer.
Iragi Journal of Pharmaceutical Sciences ( P-ISSN 1683 -
3597 E-ISSN 2521 - 3512). 2022;31(1):130-143.

Al-Nafiey A. Characterization of Chitosan-Titanium Oxide-
Silver Nanocomposite Synthesized by Pulsed Laser Ablation
in Liquid. Nanomedicine &amp; Nanotechnology Open
Access. 2023;8(3):1-8.

Alyamani A, M O. FE-SEM Characterization of Some
Nanomaterial. Scanning Electron Microscopy: InTech; 2012.
Mansour Y. The effect of combined treatment by laser and
fluoride on the acid resistance of enamel in primary teeth
(in-vitro study). Alex Dent J. 2020;0(0):0-0.

Featherstone JDB. Prevention and reversal of dental caries:
role of low level fluoride. Community Dentistry and Oral
Epidemiology. 1999;27(1):31-40.

Sakar-Deliormanli A, Giden M. Microhardness and fracture
toughness of dental materials by indentation method.
Journal of Biomedical Materials Research Part B: Applied
Biomaterials. 2005;76B(2):257-264.

Klein T, Buhr E, Georg Frase C. TSEM. Advances in Imaging
and Electron Physics: Elsevier; 2012. p. 297-356.

Huang D-M, Chung T-H, Hung Y, Lu F, Wu S-H, Mou C-Y,

J Nanostruct 14(3): 980-992, Summer 2024
[@)er |

et al. Internalization of mesoporous silica nanoparticles
induces transient but not sufficient osteogenic signals in
human mesenchymal stem cells. Toxicology and Applied
Pharmacology. 2008;231(2):208-215.

38. Pretorius E. Traditional coating techniques in scanning
electron microscopy compared to uncoated charge
compensator technology: Looking at human blood fibrin
networks with the ZEISS ULTRA Plus FEG-SEM. Microscopy
Research and Technique. 2011;74(4):343-346.

39. Al-Obaidy DNM, El — Samarrai DSK, Majeed DAH. Effect
of Siwak Extract on the Microhardness and Microscopic
Feature of Initial Caries-Like Lesion of Permanent Teeth,
Compared to Fluoridated Agents. Mustansiria Dental
Journal. 2018;5(4):365-371.

40. Al Anni DMJ, El Samarrai DSK, Garib DBT. Effect of Selected
Metal Salts on the Microscopical Feature of Initial Carious
- Like Lesion of Permanent Teeth (AN IN VITRO STUDY).
Mustansiria Dental Journal. 2018;7(2):198-203.

41. Al- Rawi DNA, Al-Alousi DJMR, Al- Obaidy DNM. Effect of
Zamzam Water on the Microhardness of Initial Carious
Lesion of Permanent Teeth Enamel (An in vitro study).
Mustansiria Dental Journal. 2018;6(2):110-116.

42.Lli X, Wang J, Joiner A, Chang J. The remineralisation of
enamel: a review of the literature. J Dent. 2014;42:512-S20.

43.Kwon YH, Lee J-S, Choi Y-H, Lee J-M, Song K-B. Change of
Enamel after Er:YAG and CO, Laser Irradiation and Fluoride
Treatment. Photomed Laser Surg. 2005;23(4):389-394.

44, : SPIE-Intl Soc Optical Eng.

45. Antunes A, de Rossi W, Zezell DM. Spectroscopic alterations
on enamel and dentin after nanosecond Nd:YAG laser
irradiation. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2006;64(5):1142-1146.

46.Bachmann L, Baffa O, Gomes ASL, Zezell DM. Chemical
origin of the native ESR signals in thermally treated enamel
and dentin. Physica B: Condensed Matter. 2004;349(1-
4):119-123.

47.Alkaisi A, Abdo SBA. Modification of Enamel Surface
Morphology and Strength Using Nd:YAG Laser with
Proper and Safe Parameters. European Journal of General
Dentistry. 2021;10(03):123-128.

48. Corréa-Afonso AM, Bachmann L, de Almeida CG, Corona
SAM, Borsatto MC. FTIR and SEM analysis of CO2 laser
irradiated human enamel. Arch Oral Biol. 2012;57(9):1153-
1158.

49. Hashiguchi K, Hashimoto K. Effect of Nd: YAG Laser
Irradiation on Human Dental Enamel. Okajimas Folia Anat
Jpn. 1990;67(4):271-279.

50. Auerkari El, Kiranahayu R, Emerita D, Sumariningsih P,
Sarita D, Adiwirya MS, et al. Effect of white tea and xylitol
on structure and properties of demineralized enamel
and jawbone. Journal of Physics: Conference Series.
2018;1025:012045.

51.Yanagisawa T. High-resolution electron microscopy of
enamel-crystal demineralization and remineralization
in carious lesions. Journal of Electron Microscopy.
2003;52(6):605-613.

52.Desai H, Yadav P, Agrawal S, Patel K, Oza M, Kadivar
M. “Effect of application of remineralization agents on
microhardness &amp; surface roughness of the enamel
surface after interproximal stripping — in vivo study”.
International Journal of Advanced Research. 2018;6(6):922-
931.

53.Fan W, Li Y, Liu D, Sun Q, Duan M, Fan B. PLGA submicron
particles containing chlorhexidine, calcium and phosphorus
inhibit Enterococcus faecalis infection and improve

991


http://dx.doi.org/10.31351/vol29iss1pp12-32
http://dx.doi.org/10.22192/ijarbs.2016.03.10.005
http://dx.doi.org/10.22192/ijarbs.2016.03.10.005
http://dx.doi.org/10.22192/ijarbs.2016.03.10.005
http://dx.doi.org/10.22192/ijarbs.2016.03.10.005
http://dx.doi.org/10.12816/0015316
http://dx.doi.org/10.12816/0015316
http://dx.doi.org/10.12816/0015316
http://dx.doi.org/10.12816/0015316
http://dx.doi.org/10.12816/0046315
http://dx.doi.org/10.12816/0046315
http://dx.doi.org/10.12816/0046315
http://dx.doi.org/10.12816/0046315
http://dx.doi.org/10.1016/j.matpr.2020.12.646
http://dx.doi.org/10.1016/j.matpr.2020.12.646
http://dx.doi.org/10.1016/j.matpr.2020.12.646
http://dx.doi.org/10.1016/j.matpr.2020.12.646
http://dx.doi.org/10.21203/rs.3.rs-284225/v1
http://dx.doi.org/10.21203/rs.3.rs-284225/v1
http://dx.doi.org/10.21203/rs.3.rs-284225/v1
http://dx.doi.org/10.21203/rs.3.rs-284225/v1
http://dx.doi.org/10.21203/rs.3.rs-284225/v1
http://dx.doi.org/10.1016/j.progpolymsci.2007.05.017
http://dx.doi.org/10.1016/j.progpolymsci.2007.05.017
http://dx.doi.org/10.1155/2015/525832
http://dx.doi.org/10.1155/2015/525832
http://dx.doi.org/10.1155/2015/525832
http://dx.doi.org/10.1155/2015/525832
http://dx.doi.org/10.1155/2010/981072
http://dx.doi.org/10.1155/2010/981072
http://dx.doi.org/10.1155/2010/981072
http://dx.doi.org/10.5005/jp-journals-10024-2225
http://dx.doi.org/10.5005/jp-journals-10024-2225
http://dx.doi.org/10.5005/jp-journals-10024-2225
http://dx.doi.org/10.5005/jp-journals-10024-2225
http://dx.doi.org/10.1093/jmicro/52.5.471
http://dx.doi.org/10.1093/jmicro/52.5.471
http://dx.doi.org/10.1093/jmicro/52.5.471
http://dx.doi.org/10.1039/c9ra00125e
http://dx.doi.org/10.1039/c9ra00125e
http://dx.doi.org/10.1039/c9ra00125e
http://dx.doi.org/10.1039/c9ra00125e
http://dx.doi.org/10.31351/vol31iss1pp130-143
http://dx.doi.org/10.31351/vol31iss1pp130-143
http://dx.doi.org/10.31351/vol31iss1pp130-143
http://dx.doi.org/10.31351/vol31iss1pp130-143
http://dx.doi.org/10.23880/nnoa-16000254
http://dx.doi.org/10.23880/nnoa-16000254
http://dx.doi.org/10.23880/nnoa-16000254
http://dx.doi.org/10.23880/nnoa-16000254
http://dx.doi.org/10.5772/34361
http://dx.doi.org/10.5772/34361
http://dx.doi.org/10.21608/adjalexu.2020.21367.1026
http://dx.doi.org/10.21608/adjalexu.2020.21367.1026
http://dx.doi.org/10.21608/adjalexu.2020.21367.1026
http://dx.doi.org/10.1111/j.1600-0528.1999.tb01989.x
http://dx.doi.org/10.1111/j.1600-0528.1999.tb01989.x
http://dx.doi.org/10.1111/j.1600-0528.1999.tb01989.x
http://dx.doi.org/10.1002/jbm.b.30371
http://dx.doi.org/10.1002/jbm.b.30371
http://dx.doi.org/10.1002/jbm.b.30371
http://dx.doi.org/10.1002/jbm.b.30371
http://dx.doi.org/10.1016/b978-0-12-394297-5.00006-4
http://dx.doi.org/10.1016/b978-0-12-394297-5.00006-4
http://dx.doi.org/10.1016/j.taap.2008.04.009
http://dx.doi.org/10.1016/j.taap.2008.04.009
http://dx.doi.org/10.1016/j.taap.2008.04.009
http://dx.doi.org/10.1016/j.taap.2008.04.009
http://dx.doi.org/10.1016/j.taap.2008.04.009
http://dx.doi.org/10.1002/jemt.20914
http://dx.doi.org/10.1002/jemt.20914
http://dx.doi.org/10.1002/jemt.20914
http://dx.doi.org/10.1002/jemt.20914
http://dx.doi.org/10.1002/jemt.20914
http://dx.doi.org/10.32828/mdj.v5i4.558
http://dx.doi.org/10.32828/mdj.v5i4.558
http://dx.doi.org/10.32828/mdj.v5i4.558
http://dx.doi.org/10.32828/mdj.v5i4.558
http://dx.doi.org/10.32828/mdj.v5i4.558
http://dx.doi.org/10.32828/mdj.v7i2.398
http://dx.doi.org/10.32828/mdj.v7i2.398
http://dx.doi.org/10.32828/mdj.v7i2.398
http://dx.doi.org/10.32828/mdj.v7i2.398
http://dx.doi.org/10.32828/mdj.v6i2.433
http://dx.doi.org/10.32828/mdj.v6i2.433
http://dx.doi.org/10.32828/mdj.v6i2.433
http://dx.doi.org/10.32828/mdj.v6i2.433
http://dx.doi.org/10.1016/s0300-5712(14)50003-6
http://dx.doi.org/10.1016/s0300-5712(14)50003-6
http://dx.doi.org/10.1089/pho.2005.23.389
http://dx.doi.org/10.1089/pho.2005.23.389
http://dx.doi.org/10.1089/pho.2005.23.389
http://dx.doi.org/10.1117/12.2510710.6011363016001
http://dx.doi.org/10.1016/j.saa.2005.11.036
http://dx.doi.org/10.1016/j.saa.2005.11.036
http://dx.doi.org/10.1016/j.saa.2005.11.036
http://dx.doi.org/10.1016/j.saa.2005.11.036
http://dx.doi.org/10.1016/j.physb.2004.02.008
http://dx.doi.org/10.1016/j.physb.2004.02.008
http://dx.doi.org/10.1016/j.physb.2004.02.008
http://dx.doi.org/10.1016/j.physb.2004.02.008
http://dx.doi.org/10.1055/s-0041-1736378
http://dx.doi.org/10.1055/s-0041-1736378
http://dx.doi.org/10.1055/s-0041-1736378
http://dx.doi.org/10.1055/s-0041-1736378
http://dx.doi.org/10.1016/j.archoralbio.2012.02.004
http://dx.doi.org/10.1016/j.archoralbio.2012.02.004
http://dx.doi.org/10.1016/j.archoralbio.2012.02.004
http://dx.doi.org/10.1016/j.archoralbio.2012.02.004
http://dx.doi.org/10.2535/ofaj1936.67.4_271
http://dx.doi.org/10.2535/ofaj1936.67.4_271
http://dx.doi.org/10.2535/ofaj1936.67.4_271
http://dx.doi.org/10.1088/1742-6596/1025/1/012045
http://dx.doi.org/10.1088/1742-6596/1025/1/012045
http://dx.doi.org/10.1088/1742-6596/1025/1/012045
http://dx.doi.org/10.1088/1742-6596/1025/1/012045
http://dx.doi.org/10.1088/1742-6596/1025/1/012045
http://dx.doi.org/10.1093/jmicro/52.6.605
http://dx.doi.org/10.1093/jmicro/52.6.605
http://dx.doi.org/10.1093/jmicro/52.6.605
http://dx.doi.org/10.1093/jmicro/52.6.605
http://dx.doi.org/10.21474/ijar01/7294
http://dx.doi.org/10.21474/ijar01/7294
http://dx.doi.org/10.21474/ijar01/7294
http://dx.doi.org/10.21474/ijar01/7294
http://dx.doi.org/10.21474/ijar01/7294
http://dx.doi.org/10.21474/ijar01/7294
http://dx.doi.org/10.1007/s10856-018-6216-4
http://dx.doi.org/10.1007/s10856-018-6216-4
http://dx.doi.org/10.1007/s10856-018-6216-4

54.

55.

56.

57.

58.

992

G. Ibrahim et al. / The Impact of ND: YAG Laser and PLGA/ Xylitol NPs on Dental Enamel

the microhardness of dentin. J Mater Sci Mater Med.
2019;30(2).

Siqueira VL, Barreto GS, Silva EBV, Silva TVd, Nascimento
DGd, Veronezi A, et al. Effect of xylitol varnishes on enamel
remineralization of immature teeth: in vitro and in situ
studies. Brazilian Oral Research. 2021;35.

Jiménez-Gayosso Dds SI, Lara-Carrillo Dds MPE, Scougall-
Vilchis Dds MPRJ, Morales-Luckie Bs Chem PRA, Medina
Solis Dds MCE, Veldzquez-Enriquez Dds MPU, et al.
Remineralizing Effect of Xilitol, Juniperus Communis and
Camellia Sinensis Added to a Toothpaste: An In Vitro
Study. Odovtos - International Journal of Dental Sciences.
2018:97-105.

Oho T, Morioka T. A Possible Mechanism of Acquired Acid
Resistance of Human Dental Enamel by Laser Irradiation.
Caries Res. 1990;24(2):86-92.

Anderson JR, Ellis RW, Blankenau RJ, Beiraghi SM,
Westerman GH. Caries Resistance in Enamel by Laser
Irradiation and Topical Fluoride Treatment. Journal of
Clinical Laser Medicine &amp; Surgery. 2000;18(1):33-36.
Nammour S, Rocca JP, Pireaux JJ, Powell GL, Morciaux Y,

59.

60.

61.

62.

Demortier G. Increase of enamel fluoride retention by low
fluence argon laser beam: A 6-month follow-up study in
vivo. Lasers in Surgery and Medicine. 2005;36(3):220-224.
Vlacic J, Meyers IA, Walsh LJ. Laser-activated fluoride
treatment of enamel as prevention against erosion. Aust
Dent J. 2007;52(3):175-180.

Magalhdes AC, Rios D, Machado MADAM, Da Silva SMBc,
Lizarelli RDFtZ, Bagnato VS, et al. Effect of Nd:YAG Irradiation
and Fluoride Application on Dentine Resistance to Erosion
in Vitro. Photomed Laser Surg. 2008;26(6):559-563.
Valizadeh S, Rahimi Khub M, Chiniforush N, Kharazifard
M-J, Hashemikamangar SS. Effect of Laser Irradiance
and Fluoride Varnish on Demineralization Around Dental
Composite Restorations. Journal of Lasers in Medical
Sciences. 2020;11(4):450-455.

Carlson RV, Boyd KM, Webb DJ. The revision of the
Declaration of Helsinki: past, present and future. Br J Clin
Pharmacol. 2004;57(6):695-713.

J Nanostruct 14(3): 980-992, Summer 2024
(@)er |


http://dx.doi.org/10.1007/s10856-018-6216-4
http://dx.doi.org/10.1007/s10856-018-6216-4
http://dx.doi.org/10.1590/1807-3107bor-2021.vol35.0137
http://dx.doi.org/10.1590/1807-3107bor-2021.vol35.0137
http://dx.doi.org/10.1590/1807-3107bor-2021.vol35.0137
http://dx.doi.org/10.1590/1807-3107bor-2021.vol35.0137
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.15517/ijds.v0i0.34573
http://dx.doi.org/10.1159/000261245
http://dx.doi.org/10.1159/000261245
http://dx.doi.org/10.1159/000261245
http://dx.doi.org/10.1089/clm.2000.18.33
http://dx.doi.org/10.1089/clm.2000.18.33
http://dx.doi.org/10.1089/clm.2000.18.33
http://dx.doi.org/10.1089/clm.2000.18.33
http://dx.doi.org/10.1002/lsm.20128
http://dx.doi.org/10.1002/lsm.20128
http://dx.doi.org/10.1002/lsm.20128
http://dx.doi.org/10.1002/lsm.20128
http://dx.doi.org/10.1111/j.1834-7819.2007.tb00485.x
http://dx.doi.org/10.1111/j.1834-7819.2007.tb00485.x
http://dx.doi.org/10.1111/j.1834-7819.2007.tb00485.x
http://dx.doi.org/10.1089/pho.2007.2231
http://dx.doi.org/10.1089/pho.2007.2231
http://dx.doi.org/10.1089/pho.2007.2231
http://dx.doi.org/10.1089/pho.2007.2231
http://dx.doi.org/10.34172/jlms.2020.70
http://dx.doi.org/10.34172/jlms.2020.70
http://dx.doi.org/10.34172/jlms.2020.70
http://dx.doi.org/10.34172/jlms.2020.70
http://dx.doi.org/10.34172/jlms.2020.70
http://dx.doi.org/10.1111/j.1365-2125.2004.02103.x
http://dx.doi.org/10.1111/j.1365-2125.2004.02103.x
http://dx.doi.org/10.1111/j.1365-2125.2004.02103.x

	The Impact of ND: YAG Laser and PLGA/ Xylitol Nanoparticles on Dental Enamel (in Vitro Study ) 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION  
	MATERIALS AND METHODS 
	Laser irradiation procedure   
	Preparation of nanoparticles  
	Identification of nanoparticles  
	Ray Diffraction Pattern (XRD) 
	Filed Emission Scanning Electron Microscopy (FESEM) 

	Sample preparation  

	RESULTS AND DISCUSSION 
	XRD Analysis  
	Filed Emission Scanning Electron Microscopy (FESEM)  
	Microhardness values (mean and standard deviation) of enamel surfaces treated with different agents 
	Microscopic features of the outer enamel surface using Scanning Electron Microscope (SEM) 

	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCES  

