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Abstract: Polarization modulation plays an important role in polarization encoding in quantum key distribution. By
using polarization modulation, quantum key distribution systems become more compact and more vulnerable as one
laser source is used instead of using multiple laser sources that may cause side-channel attacks. Metasurfaces with
their exceptional optical properties have led to the development of versatile ultrathin optical devices. They are made
up of planar arrays of resonant or nearly resonant subwavelength pieces and provide complete control over reflected
and transmitted electromagnetic waves opening several possibilities for the development of innovative optical
components. In this work, the Si nanowire metasurface grating polarizer is designed by COMSOL Multiphysics
Software to operate in the visible region and transmit the transverse magnetic polarization of light. The same structure
can be rotated by different angles, i.e., 90°, 45°, and -45° to mimic the function of polarization modulation in quantum
key distribution systems. The designed structure has an extinction ratio of ~ 60000 and a wide angular tolerance range
of (-20° - 20°).
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1. Introduction

Quantum key distribution (QKD) was initially suggested in 1984 and has advanced significantly over the
past few decades in fiber and free space. QKD is a perfect solution for distributing an absolute secret key
between two remote parties. It can be considered as one of the first practical applications that is based on
single photons. Moreover, satellite-to-ground QKD and the satellite-relayed intercontinental quantum
network have been successfully realized by the quantum science satellite, Micius [1,2]. QKD enables two
spatially separated parties, i.e., Alice and Bob, to produce a private and secure cryptographic key based on
the laws of quantum physics. This can be done by the exchange of qubits that are encoded into individual
photons [3]. Polarization modulation plays an important role in polarization encoding QKD.

Polarization encoding is to a large extent employed in fiber-based QKD and free-space QKD, for which
weak coherent pulses are typically encoded into four polarization states, i.e., horizontal |H), vertical |V),

D) = = (IH) + V) and, |4) = = (I1H) - V) [1].
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Mainly the multiple-laser scheme is widely used in QKD systems, where each required polarization state
is prepared by an independent laser source. However, side-channel information leakage is the most critical
issue that affects the performance of these systems [4].

Production of quantum key at competitive rates requires the high-frequency generation of polarization
states, which is a challenge. Polarization controllers do not provide the GHz state frequencies needed for
present-day QKD setups. The simplest fast QKD configuration for Alice consists of four independent laser
sources, one for each state of polarization required, e.g. BB84 protocol [5]. But the indistinguishability of
pulses emitted from different laser sources will be hard to guarantee, resulting in the system’s vulnerability.
Bob as well needs to modify the state of polarization arriving at his station to select the measurement basis
[6].

A significantly higher repetition rate with inherent homogeneity in other photon dimensions can be
achieved by using the external polarization modulation technique. Essentially, the concept of polarization
modulation involves phase modification in particular polarization bases [1]. In order to prevent side-channel
attacks a single laser source with an active polarization modulator is typically used. One option is to use
the Pockels effect of fast electro-optical LiNbO3z phase modulators to switch the polarization. This type of
modulator is based on balanced interferometers. Two orthogonal polarization components enter different
arms of the interferometer via a polarization beam splitter, after that one of the components experiences a
phase shift induced by the modulator. As a result, two diagonal and two circular states can be generated
[6]. Another option is based on the use of birefringent phase modulators in an in-line configuration [3]. In
these schemes, the photons are injected in the phase modulator that basically consists of LiNBO; crystal
with a polarization state that is diagonal with respect to the optical axis of the modulator’s crystal. By
applying a bias voltage, the ordinary and extraordinary refractive indices of the crystal vary independently,
where the relative phase between the |H) and |V) polarization is controlled. This option presents several
disadvantages. First, the polarization modulation is highly sensitive to temperature and bias voltage drift
and requires active stabilization. A second issue is related to the polarization mode dispersion (PMD)
induced by the birefringence, which reduces the degree of polarization for short pulses, i.e., decreasing the
modulation performance. Thirdly, high voltages are required for these modulators to induce the required
polarization modulation [7,8].

Other types were proposed such as a self-compensating polarization encoder based on LiNBO3 phase
modulator inside a Sagnac interferometer [9]. Using homogeneous birefringent metasurfaces that are
composed of identical elements with varied responses for two linearly polarized orthogonal components
(Ex and E,,) is the new technique for polarization conversion [9].

Metasurfaces are composed of distinctively designed subwavelength units in a two-dimensional plane,
providing a new principle to design ultra-compact optical elements that show great potential for
miniaturizing optical systems. By employing metasurfaces, various parameters of the light wave can be
manipulated, such as pixelated polarization manipulation in the subwavelength scale which is a
distinguished ability of metasurfaces compared to traditional optical components. But, plasmonic-type
metasurfaces have an intrinsic ohmic loss that highly hinders their broad applications due to their low
efficiency. Accordingly, metasurfaces composed of high-refractive-index all-dielectric antennas have been
proposed to achieve highly efficient optical devices [11].

Compared to conventional optical components that provide wavefront engineering by phase
accumulation through light propagation in the medium, metasurfaces have new degrees of freedom to
control the phase, amplitude, and polarization response with subwavelength resolution. In addition,
wavefront shaping within a distance much less than the wavelength can be accomplished. Their exceptional
optical properties have led to the development of versatile ultrathin optical devices [12].

To support extensive phase coverage and low resonance loss, the materials used for dielectric
metasurfaces must have a high refractive index (n) and low extinction coefficient (k). The main materials
used for dielectric metasurfaces include Silicon (Si), Gallium nitride (GaN), Titanium dioxide (TiO), and
Silicon Nitride (SiNx). Si-based metasurfaces are regarded as low-cost metasurface platforms because Si
is an abundant element and can be easily processed using standard CMOS-compatible manufacturing
techniques [13].
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In this work, Si nanowire metasurface grating polarizer that controls the wavefront of incident light is
designed and its performance is numerically investigated. COMSOL Multiphysics Software is used to
design the proposed structure. The metasurface grating is designed to transmit the transverse magnetic (TM)
polarized light. The same structure transmits linearly polarized light with an electric field vector oriented
at 0°, 90°, 45°, and -45° by changing the orientation of the grating. The designed structure can be used for
obtaining four states of polarization of light passing through it, so it can replace polarization modulators in
QKD systems.

2. Theory of Operation

Guided-mode resonance is a phenomenon that happens at subwavelength grating structures. The term
“guided-mode resonance” appeared in 1990 by Wang et al. in an attempt to clearly communicate the
fundamental physics governing these phenomena [14].

Figure 1 illustrates the resonant grating waveguide structure. These periodic photonic lattices are also
referred to as “metasurfaces” or “metamaterials” in which periodically aligned subwavelength-scale
features enable manipulation of incoming electromagnetic waves in a desired manner. The resonant grating
waveguide consists of a substrate, a waveguide layer, and a grating layer. When a light beam is incident on
such a structure, part of the beam is directly transmitted through the structure, and part is diffracted by the
grating and is trapped in the waveguide layer. Part of the trapped light in the waveguide layer is then
rediffracted out and it interferes destructively with the transmitted part of the light beam. Resonance
happens at a specific wavelength and angular orientation of the incident beam; namely, complete
interference occurs, and no light is transmitted [15].

At resonance, coupling is achieved between the diffracted light by subwavelength grating, and the
waveguide mode and propagates in the lateral direction. During propagation, the mode leaks out due to the
presence of the grating on the waveguide. The constructive (destructive) interference based on the phase
difference between the outgoing “leaky” wave and the directly reflected wave from the grating surface
forms a reflection (transmission) resonance in the optical spectrum of the device. Accordingly, the guided
mode resonance device can be seen as operating in light capture, storage, and release modes. The guided-
mode resonance emphasizes the capture of photonic energy whereas leaky-mode resonance emphasizes the
release of photonic energy [14].

layer1

layer2

layerd

layerd  ny4

Fig. 1: Grating waveguide structure. Transmitted wave t and diffracted wave s originating from
the incident wave i destructively interfere at resonance [15].
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3. Design and Investigation of Nanowire Metasurface Grating Polarizer

The schematic structure of the designed metasurface grating polarizer is shown in Fig.2. The structure is
designed in the visible region. Based on the effect of guided-mode resonance, the metasurface structure
passes the TM polarized light and blocks the TE one.

Sio Si
P c
«— «—

Fig. 2: Metasurface grating polarizer structure.

The structure consists of Si grating on a SiO- substrate of 1000 nm thickness. The grating is covered by air.
The refractive indices of Si and SiO; are (3.8841 and 1.4570) at A=632 nm respectively. Many optimization
methods are used to design the optical components based on metasurfaces such as topology optimization,
Bayesian optimization, genetic algorithm, neural networks, and particle swarm optimization method [16].
The last method is very popular for the optimization of metasurface structures especially those consisting
of nanowire grating. In this work 2-D framework with Monte Carlo solver optimization supported by
COMSOL was used to find the optimum dimensions of the metasurface grating polarizer. In the Monte
Carlo solver optimization method, the points are sampled randomly within a uniform distribution by a user-
specified box. The Monte Carlo solver is efficient in gathering statistical data for the variations in design
parameters by analyzing the range of value of the objective function that is maximized (or minimized)
considering several constraints. The optimum dimensions will give maximum transmittance for TM
polarization and minimum transmittance for the transverse electric (TE) polarization. The optimum
dimensions for P, Dg, and FF are 368 nm, 82 nm, and 0.2465 respectively. Figure 3 (a) shows the
transmittance of zero-order TM and TE polarization. The extinction ratio (ER) which is defined as
(ER = Ty /Tre) is shown in Fig.3 (b). Maximum ER ~ 60000 at A= 632 nm.
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Fig. 3: Metasurface grating polarizer a) Transmittance of TM and TE polarized states (b) ER of metasurface grating
polarizer where P, Dg, and FF are 368 nm, 82 nm, and 0.2465 respectively.
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The maps of electric field distribution for TM and TE transmission as a function of incidence angle are
shown in Fig.4 (a) and (b) respectively. The high transmission and low transmission are shown by red areas
and blue areas respectively.

The proposed structure can be rotated by a specific angle so that the orientation of the electric field can
be varied which means different polarization of light can be obtained. Figure 5 shows four orientations for
the designed metasurface grating polarizer, i.e., 0° (the proposed structure), 90°, 45% and -45°. The proposed
structure can be fabricated and mounted on a suitable rotating base that can be rotated randomly to obtain
the polarization states of light in many protocols in QKD systems.

Table Surface: M (1)
Table Surface: TE (1) = 2
(a) 035} (b) 035
03t % 03 '
025t 025 09
04
02
02}
08
. 0ast H 035 -% 0.15
T uf s u -
= 01 [}
o &
w oot ‘g)s S o 06
c
g0t 8 s
(] 02 c 05
g g Q1
8 Q18 0.8 Q2 s 04
g T w
- 0l
ozs} 5 h
235} 035
5 55 6 63 7 15 x107
Wavelength (nm) Wavelength (nm)

Fig. 4: Transmission map of metasurface polarizer as a function of incidence angle for (a) TM and (b) TE.
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Fig. 5: Samples of Metasurface grating.
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4. Conclusions

A Silicon nanowire metasurface grating polarizer operating in the visible region has been numerically
designed and its performance to transmit TM-polarized light has been investigated. The design structure
showed high ER ~60000 and wide angular tolerance ranging from -20° to +20°. This structure can be used
in QKD systems to replace polarization modulators which a key optical component needed to provide the
polarization state for photon encoding.
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Abstract: Two samples of (Ag NPs-zeolite) nanocomposite thin films have been prepared by easy hydrothermal
method for 4 hours and 8 hours inside the hydrothermal autoclave at temperatures of 100°C. The two samples were
used in a photoelectrochemical cell as a photocatalyst inside a cell consisting of three electrodes: the working electrode
photoanode (AgNPs-zeolite), platinum as a cathode electrode, and Ag/AgCl as a reference electrode, to study the
performance of AgNPs-zeolite under dark current and 473 nm laser light for water splitting. The results show the high
performance of an eight-hour sample with high crystallinity compared with a four-hour sample as a reliable
photocatalyst to generate hydrogen for renewable energies.

Keywords: nanocomposite, PEC water splitting, catalyst, hydrothermal synthesis, zeolite.

1. Introduction

Water splitting via photoelectrochemical cell (PEC) technology offers a sophisticated method and useful
strategy for dealing with the issues of energy and environmental crises by converting light energy to produce
hydrogen fuel by splitting water reactions, which divide water into O, and H, (2H.O—2H>+05). In the PEC
process, the water-splitting reaction needs photon energy to be catalyzed by a photocatalyst. To resist the
positive free energy result from PEC water splitting. Where it needs stable electrodes, effective
photoelectrodes, and scalable PEC cells with cost-effective operation for large-scale hydrogen production
[1,2], as shown in Fig.1.

Noble metal nanoparticles were used in PEC cells, where metallic nanoparticles (NP) are attracting the
interest of chemists due to their novel properties, which include a high surface area and exceptional surface
activity that provide excellent catalytic, optical, and electrical properties. where specifically found in noble
metals such as gold and silver or the subnanometric particles contained in zeolites. Zeolite, an alkali or
alkaline-earth metal hydrated aluminosilicate mineral, has received a lot of attention lately as a readily
accessible and affordable natural mineral [4], which is a significant class of functional materials. Porous
zeolites are anticipated to attain high H, evolution efficiency due to their distinctive and large surface area.
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The family of zeolites is well-known as a class of crystalline porous materials with high catalytic activity,
well-confined periodic porous structure, acid resistance, and ion exchange capability [5].

@"t|e-

Laser Light

iaziicil

Reference Anode
Cathode AgNps-Zeolite

Fig.1: A diagram explaining a PEC cell with a standard three-electrode arrangement [3].

The progress made shows that the improved adsorption performance as well as the high separation and
transfer efficiency of photogenerated charge carriers are crucial for the photocatalytic enhancement of
zeolite-based composites. Because of their well-defined pore and channel architectures, these materials are
commonly utilized as ion exchangers, catalysts, and adsorbents in industry [6]. The zeolite structure can be
filled with transition metal atoms through conventional impregnation, hydrothermal processes,
photosynthesis, or cation exchange using a traditional ion exchange approach [7].

Bursting disc Stainless steel lid

Solvent
(c.g., water)

Teflon cup
(~25 mL)

Stainless steel Solid reagents
chamber

Fig.2: Image of stainless-steel autoclaves with Teflon lining and internal parts (upper). The reaction chamber, which
is made of stainless steel, contains the Teflon chamber. The stainless-steel chamber in the lower image is lined with
Teflon and is commercially available [9].
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Recently, researchers' interest in the single-pot hydrothermal approach has increased [6]. The process of
hydrothermal synthesis is used to create materials at low temperatures with high vapor pressure. This
approach is thought to be the most energy-efficient and environmentally benign because the reaction is
carried out in closed-system settings. Typically, hydrothermal synthesis is performed in aqueous solutions
using a Teflon-lined stainless-steel autoclave, as shown in Fig.2 [8]. Employing laser light as an excitation
source to research photocatalyst activity has an extremely high degree of feasibility. A diode laser (473 nm)
has the specific characteristics of a special laser light source, including high intensity and
monochromaticity.

In this paper, AgNPs-Zeolite composites were synthesized by the hydrothermal method using an
autoclave with different crystallization times (4 and 8 hours), and then the structure and morphology
characterization were investigated. Also, a comparison between the samples as the best-performing catalyst
in photocatalytic water splitting.

2. Materials and Methods

Ag NPs-zeolite has been synthesized by the hydrothermal method, where silver nanoparticles (0.2 g, 20 nm
particle size, spherical) from Hongwu International Group Ltd., China, were dissolved in 5 mL of deionized
water and 10 mL of polyethylene glycol 600 (PEG 600) from the manufacturer, Alpha Chemika, made in
India, at (250C) for 30 min with stirring, and nanozeolite particles of size 50 SSA: 340 m2/gr were added
(0.2 g) also with 20 mL from an absolute ethyl alcohol manufacturer. Alpha Chemika, made in India, was
added to the mixture gradually with stirring for 2 hours. Finally, the crystallization method was easy; the
mixture was placed inside a hydrothermal autoclave and then a thermal oven that was kept at 100 0C for 4
and 8 hours for two samples, respectively, as shown in Figure 3. The Ag-NPs-Zeolite composite was
obtained after steps of filtration and drying at 100 OC for 1 hour in the oven, with the pH kept near neutral
during the step of the filtration process. Then it is deposited by the distillation method on a fluorine-doped
tin oxide (FTO) substrate and used as an electrode in the applications of PEC for water splitting.

/ cohol

ethyl al,
> g And then in
hydrothermal at 100° ¢

for 2h with stirring

%

Filtration & drying steps

Fig.3: Ag NPs-Zeolite composite preparation steps.
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3. Characterization

The X-ray diffraction (XRD-6000) SHIMADZU 220V/50Hz (Japan) patterns of the samples were recorded
using a diffractometer operating with a Cu -Ko radiation in the 26 angle range 50-800 with a step of 0.05°
and with 0.60 s of accumulation at each point. A field emission scanning electron microscope (FESEM)
(FEI Japan) was used to determine the morphology and particle size of Ag (Np)-zeolite. The SHIMADZU
UV-VIS-NIR 1800 240V (Japan) spectrophotometer was obtained using a UV-vis spectrometer, the spectra
between 190 and 1100 nm were captured and the Zeta potential analysis was performed (Zeta plus
Brookhaven, 90 Bundle Instruments Corporation, USA).

4. Results and Discussion
4.1 X-Ray Diffraction Analysis

Figure 4 depicts the XRD patterns of the Ag-NPs-Zeolite composite. The purpose of the XRD investigation
was to learn more about the crystalline nature of the synthesized nanocomposites. The good crystalline
quality of the produced samples is confirmed by the sharp peaks [10]. The absorption peaks for zeolite
appeared at 20 = 22.40, 23.10, 26.50, and 27.10. All of the Zeolites' diffraction patterns clearly correspond
to those on the Zeolite standard card (JCPDS 39-0223) [6]. From Fig.4, it is shown that the zeolite is
crystalline. Also, it is observed that the Ag NPs-zeolite composite has notable peaks around 26 = 38.60,
44.70, 64.90, and 77.80, which correspond to the silver nanoparticles. (111), (200), (220), and (311) crystal
planes, these peaks' development shows that the crystalline phase of silver has developed within the Zeolite
framework, which, when matched with standard silver values (JCPDS 04-0783) [11], can be indexed using
the facets of silver's face-centered cubic crystal structure with the lattice constants (a = b = ¢ 4.082975 A°).
These peak heights are consistent with the values in the standard card, like in the earlier reports [12,13].
Also, Fig. 4 shows that the crystallinity of the sample increases with aging time. The aging process allows
for crystal size regulation. According to [14], the production of impurity phases is reduced and
crystallization is accelerated. So, the longer crystallization time of the composition of (Ag NPs-Zeolite)
produced a highly crystalline phase, as evidenced by the XRD peak intensity of sample 8 hours, which was
more desirable in comparison with sample 4 hours.

——8h
——4h

64.9)  (77.8)

Intensity count (a.u)

26.5)

22.4) 1 0

10 20 30 40 50 60 70 80
(20)°
Fig. 4: XRD patterns of (Ag NPs-Zeolite) composite for two samples.
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4.2 FESEM Analysis

AgNPs-zeolite electrodes were tested using field emission scanning electron microscopy. FESEM can
specify the shape and particle size of samples. Figure 5(a) shows FESEM images for zeolite nanoparticles.
From FESEM analysis, the morphology of the Zeolite surface appears as flakes, and their size ranges from
(43-50) nm. The morphology of the composite for two samples shows a good distribution of silver
nanoparticles in zeolite; this result agrees with the study in [15]. Also, silver nanoparticles are stable inside
the pores of zeolite, and some of the AgNPs form clusters on the surface of the zeolite as shown in Fig. 5(b)
for the sample after 4 hours with particle sizes ranging between (88-183) nm. Figure 5(c) illustrates an
AgNPs-Zeolite nanocomposite for an 8-hour sample, with particle sizes ranging between (56-193) nm.
Also, Fig.5(d) represents that the longer the crystallization time, the larger the average particle size; this
means that the higher the crystallization time for (Ag NPs-Zeolite) composite, the more metallic particles
will be made up, which means convert nanoparticles to bulk material, which begin to enlarge clearly after
aging time for 4 hours and 8 hours, which agrees with research [16].

The composite in the previous figures displayed a rough surface with a spherical structure for silver
nanoparticles and showed many silver clusters. At 100-200 °C in a hydrothermal autoclave, reduction
results in the creation of silver clusters on the surface of zeolite; this agrees with [17]. Also, some shiny
spots corresponding to the AgNPs appeared on the surface of the Zeolite nanoparticle; therefore, the AgNPs
were rather well distributed in the Zeolite nanoparticles. This agrees with [18].

Silver
clusters |

Particle sze|

Particle size
]

Time (hours)

Fig.5: FESEM images for Zeolite and (Ag NPs-Zeolite) composite for two samples: (a) Zeolite, (b) a four-
hour sample, (c) an eight-hour sample, and (d) the average particle size for two samples.
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4.3 UV-Visible Spectral Study

Two samples exhibit a high level of absorption in the region of UV absorption. Figure 6(a) shows the highest
peak of zeolite absorption at the peaks of (248,288) nm, while Fig.6 (b) shows the highest peak at (284) nm
for silver. Ag species with more Ag atoms often produce UV-Vis bands at a longer wavelength, and the
bands at 260 and 284 nm are attributed to Ag n 6+ (n =4-8) clusters. This is in agreement with the research
[19,20]. The reflectance spectra of the materials used (Ag NPs-Zeolite) in the visible and ultraviolet ranges
were recorded below 300 nm; also, non-exchanged zeolites were observed. The silver-loaded zeolites
produced stronger signals in the UV range (200-300 nm).

Figure 6 depicts the absorption peaks for (Ag NPs-Zeolite) composite for two samples: 4 hours (c) and
8 hours, (d) at (291,309) and (291,296) nm, respectively. These signals have previously been linked to
isolated silver ions that are present at particular locations within the zeolite framework. It also shows that
the intercalation of silver ions into the zeolite structure has slightly altered the zeolite's electron structure,
which is well in line with other reports [16,21]. The process of prolonging the crystallization time increases
the intensity of the absorption, as shown in the 8-hour sample in Fig.6 (d), indicating the growth of the
amount of metal Ag particles according to [16].
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Fig.6: UV-visible spectrum for Zeolite, Silver NPs, and (Ag NPs-Zeolite) composites for two samples (a)
Zeolite; (b) Silver (Ag NPs); (c) a 4-hour sample; (d) an 8-hour sample.
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4.4 Zeta Potential Analysis

The zeta potential is the total charge that a particle picks up in a specific medium. The surface charge of the
(AgNPs-Zeolite) composite dissolved by the solvent solution after the crystallization process by
hydrothermal autoclave to obtain the measurement of (AgNPs-Zeolite) by zeta-potential. Zeta potential was
typically used to gauge a surface's resistance to agglomeration. The stability of an (AgNPs-Zeolite)
composite in colloidal form can be predicted using the zeta potential, with a value of greater than +30 mV
or less than -30 mV suggesting the least amount of particle aggregation brought on by electrostatic
attraction. Where the electrical stability of colloids increases when their zeta potentials, whether negative
or positive, are enhanced, whereas aggregates and agglomerates are described by low zeta potential values,
which is supported by [22, 23]. The surface charge for Zeta potential for the (Ag NPs-Zeolite) composite is
illustrated in Fig.7. It has low stability of the (Ag-Zeolite) nanoparticles, mobility values, and zeta potential
values for the two samples observed in Table 1. This explains the presence of silver nanoclusters on the
surface of the zeolite in the above FESEM images.

Table 1: The values of the zeta potential and the mobility of the (Ag-Zeolite) nanoparticle solution.

The Nanoparticle solution Zeta potential (mV) The mobility (m? V™' s™)
Ag-Zeolite -25.01 -1.95
104 | 1.04
. | @) _ f. &
0.84 | 0.84 !|
] 064 | T 064
= - = N |
] o |
O 044 o 044 f1
0.24 A 0.24
00+—TT T .l.i'T | B e s | o+t
160 -60 0 a0 180 14 0 6 2 2 6 10 14
Zeta Potential [mV) Mobility (p/s) / [V/cm)

Fig.7: (a) the (Ag-Zeolite) nanoparticle solution's zeta potential (mv); (b) the (Ag-Zeolite) nanoparticle solution's
mobility (m? V1s1).

5. Characterization of ANPs-Zeolite Photocatalyst Performance in a
Photoelectrochemical Cell at Dark Current Density and 473nm Laser Illumination

A photoelectrochemical cell containing three electrodes with an electrochemical workstation from (ER466,
EDAQ company Australia, potential stat) was used to study the behavior of Ag NPs-Zeolite Photocatalyst.
Firstly, at dark current density, and secondly, at 473 nm laser illumination, as shown in Fig.8.
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Table 2: The J values at dark current and 473 nm laser illumination for each sample at 1 volt.

J jaser (473nm) mA cm2 at

NO. The samples J mAcm=2 at Dark current
(200 mW cm)
1 AgNPs-Zeolite at 4 hours 0.0427 0.05061
2 AgNPs-Zeolite at 8 hours 0.0731 0.08511

a Reference
electrode Ag /AgCl

Counter clectrode Pt

Working

clectrode
(photocatalysis)
Ag NPs-Zeolite

- :

potentiostat

Photoelectrochemical cell
at Dark current density

e

AgNPs-zeolite electrode

Fig.8: (a) AgNPs-Zeolite Photocatalyst at Dark Current Density (b) Three Electrodes for Photoelectrochemical Cell.

The electrodes of a photocatalyst of (AgNPs-zeolite) nanocomposite were fabricated and employed as a
photoanode to study the effectiveness of photoelectrochemical (PEC) water-splitting for AgNPs-zeolite
under dark and laser light irradiation. The PEC water splitting performance of the AgNPs-zeolite
nanocomposite was measured using linear sweep voltammetry (LSV) techniques to estimate the current
density for PEC. Table 2 and Fig.9 of two samples show the electrode’s current density increased gradually
from (0.0427 to 0.05061) for a 4-hour sample and from (0.0731 to 0.08511) for an 8-hour sample upon
exposure to 473 nm laser light, compared with dark current at a given voltage (0-1) V versus Ag/AgCl for
60 s of a cycle. The photo-responsive property of the synthesized catalyst is demonstrated by the
enhancement in the current density of (AgNPs-zeolite) nanocomposite photoanode after exposure to laser
light. 1-V parameters of the (AgNPs-zeolite) photoanode for PEC water-splitting results show that under
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laser light illumination as compared to dark current showed a six-fold enhancement in the photocurrent
density and therefore enhanced PEC performance this agrees with researchers [24].

0.08 l——4 hours 0.08 4

——8 hours

——4 hours
—8 hour

0.08 0.08

0.04 0.044

0.02 0.02

J (rm.cm'z) at473 nm laser

0.00 0.00

J {rnA.cm-z) at Dark currertt

.02 <0.02 T T T T T T 1
00 05 10 15 20 25 30 35 00 05 10 15 20 25 30 35

Potential vs. Ag/AgCI (V) Potential vs. Ag/AgCI (V)

Potentiostat eDAQ ER466
(work station) with computer

Laser (473 nm)

Photo-¢electro-
Chemical-cell

Fig.9: (a) and (b) show the linear sweep voltammetry response of (AgNPs-zeolite) hanocomposite photoanodes of
two samples under dark and 473 nm laser light irradiation, respectively; (c) the AgNPs-zeolite photo anodes test for
two samples under 473 nm laser light.

6. Conclusions

The results show that the (AgNPs-zeolite photocatalyst is active in improving the performance of the
photoelectrochemical cell for water splitting, and the speed of response for the catalyst is good. Also, the
longer crystallization time of the AgNPs-zeolite nanocomposite during the manufacturing phase inside the
hydrothermal autoclave made the performance of an eight-hour sample with high crystallinity better than a
four-hour sample as a reliable photocatalyst to generate hydrogen for renewable energies.
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Abstract: Patients are very concerned about the lengthy nature of orthodontic treatment. It is necessary to find a
non-invasive way to quicken physiologic tooth movement. This study's objective was to assess the effectiveness of
low-intensity laser therapy in shortening the time and discomfort of orthodontic treatment. Experimental work:
Using a split-mouth study to compare tooth movement with conventional treatment and laser-accelerated orthodontic
tooth movement. A patient presenting with a class Il division | malocclusion characterized by the misalignment of the
upper and lower teeth as classified by Angle’s molar classification system was indicated to undergo fixed orthodontic
appliance orthodontic treatment. The treatment plan involved bilateral extraction of the upper first premolar teeth on
both sides and distalization of the anterior segment to close the created space. For an experimental investigation, a
patient was chosen at random and given right-side radiation using a dual diode laser (810,980 nm wavelength, 100
mW output power). Results: The tooth movement was measured over a period of 15 weeks; the first three orthodontic
activations on the study side included scheduled laser treatment (the first month, laser-assisted treatment on days
(0,3,7, and 14), the following two months, on days (0 and 14) from the day of orthodontic activation, and another 3
months of follow-up only); it was observed that orthodontic tooth movement was significantly higher in the study side
than in the control side, as measured clinically using a digital vernier. We also noticed a considerable decrease in pain
levels following a visual analog test. Conclusion: LLLT might clinically considerably speed orthodontic tooth
movement and greatly lessen discomfort using the parameter settings employed in this investigation.

Keywords: bio-stimulation, low-level laser therapy, orthodontic tooth movements, and dual diode laser.

1. Introduction

The lengthy orthodontic treatment duration is one of the main issues that orthodontists and adult patients
may encounter. Depending on the severity of the malocclusion and the patient, it may take adults an average
of 2-3 years to finish the treatments (Ruan and Chen, 2018). This is a significant amount longer than the
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time needed for adolescents. The lengthy nature of orthodontic treatments is frequently thought to increase
the likelihood of patient disengagement or decreased compliance. Furthermore, root resorption, gingivitis,
and tooth decay are all risks that are exacerbated by lengthy orthodontic therapy (Kanzaki et al., 2002). The
piezocision technigue, corticotomy, photobiomodulation, low-level laser therapy, electric stimulation,
pulsed electromagnetic fields, and mechanical and physical methods, among others, have all been the
subject of numerous studies looking into ways to speed up orthodontic tooth movement (Yi J. et al., 2017),
(Aplimova A. et al., 2020), (Mheissen et al., 2020), and (Kau C. H. et al., 2013).

In order to support the biomechanics of tooth movements, noninvasive low-level laser treatment (LLLT)
has been implemented in an orthodontic clinic. When it comes to providing analgesic and anti-inflammatory
benefits, LLLT might be viewed as an alternate strategy (Li FJ et al., 2015). Pain alleviation, tooth
movement, and root resorption may all benefit from it. (Turhani et al., 2006, Youssef et al., 2008, and Altan
etal., 2015).

It has been demonstrated that LLLT, when administered for the right amount of time and at the right
intensity, accelerates the production of fibroblasts, osteoclasts, and osteoblasts, as well as angiogenesis and
collagen synthesis (S. E. Zahra et al., 2009). Red or infrared light delivers free electrons to the
mitochondria’s electron transport chain at the molecular level to reduce oxidative stress and produce more
Adenosine Triphosphate ATP (M. Greco et al.,1989). This series of events, in turn, activates growth-
signaling pathways and stimulates a number of transcription factors (A. C. Chen,2011), increasing the
overall amount of growth factors produced (T. I. Karu and S. F. Kolyakov,2005).

This prospective, randomized clinical trial's objective was to determine how low-level laser therapy
affected the movement of teeth under Class Il orthodontic appliances.

2. Methods

This case report was created as a component of a split-mouth study to investigate the effect of low-level
laser therapy on tooth movement during Class Il orthodontic treatment. Parents and patients signed
informed permission forms after receiving thorough information about the potential dangers and
advantages. Between April and October of 2022, the orthodontic department of Al-Karama Specialized
Dental Center patients ‘data were collected, and the trial protocol was registered with the Al-Karkh
Directorate of the Ministry of Health.

3. Diagnosis

A 13-year-old boy patient who needed orthodontic treatment was referred to the Alkarama Specialty Dental
Center's orthodontics department.To confirm the need for orthodontic treatment, a history, radiographic,
and clinical examination were first carried out. The patient's clinical and medical fitness, lack of medication
use, and lack of prior orthodontic treatment were all discovered during the patient's history. Patients were
evaluated radiographically to rule out any issues and to assess the health of their teeth and jaws. The patient
was found to have Class Il division 1 malocclusion during the clinical examination due to the protrusion of
the maxilla, with an increased overjet of around 8 mm, and the patient was diagnosed with class Il division
I malocclusion. The specifics of the treatment plan were disclosed to the parents. The Informed Consent
Form (ICF) was then signed, and the low-power laser method was used to complete the treatment.

3.1 Treatment Protocol and Follow-Up:
A. Fixed orthodontic appliance:
Upper Roth brackets (Dentarum, Germany), and NiTi wires (Dentarum, Germany) in sizes (12, 14, 16, 18,

and 16x22) for leveling and alignment were used to place a fixed orthodontic device for the upper arch.

B. Extractions:
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After leveling and alignment, extraction of the upper first premolar was indicated for orthodontic correction
necessity and then performed.

C. Canine distalization:

A heavy gauge wire 16x22 stainless wire was used and started retraction of the anterior segment from teeth
(13-23) with a crimpable hook and mini-implants by using of power chain which is activated every 3 weeks.
A force gauge was also used to measure the retraction force with 150 grams. (Youssef M. et al., 2008)

D. Study design:

There was a split-mouth design. The study side and control side were on the same person, with the study
side being on the left and the control side being on the right. An 810,980 nm gallium-aluminum-arsenide
(GaAlAs) diode laser was used to administer bio-stimulation to the study side, whereas the control group
just received standard orthodontic retraction.

E. Laser irradiation and parameters:

QuickLase 810+980 nm (Canterbury, United Kingdom), a high-intensity laser, was used for the procedure.
The fiber was cleaved following the treatment, and all precautions were followed to maintain an aseptic
chain as well as care linked to the use of laser instruments, such as the use of safety glasses by the patient,
operator, and assistant. The laser settings were 12 J (2x60sx100 mW)(Doshi G. et al.,2012) for each
application. Each exposure point, alongside the canine root, three points buccally and three points palatally,
distributed cervically, medially, and apically, received 2 J in continuous mode, transmitted by a 300 m
optical fiber, with dual wavelengths of (810+980) nm in infrared emission for 20 seconds. To perform laser
irradiation following orthodontic activation, a high-intensity diode laser was employed in contact mode
with these six application points (Fig. 1) and (Fig. 2a,2b).

Fig. 1. Points of laser exposure along canine root (same positions buccally and palatally), 20
seconds at each point.

F. Treatment follow-up:

With a total number of 8 laser irradiation sessions, after the first orthodontic activation laser was applied
on days (0,3,7,14). For the following two activations on the day (21,35) and (42,56). Measurements of
extraction spaces were taken with each activation for 6 months using a digital caliper for both the study and
control sides, Pain levels were also taken into account for both sides using VAS (Visual Analog Scale) for
six months. Distance measurements between the cusp tip of the right and left canine and the buccal cusp of
the maxillary 2nd premolar, they were considered reference points for the measurement of anterior segment
movement. The distance between these two reference points was recorded every 21 days as shown in Fig.
3 (a and b). After 3 months of orthodontic activation accompanied by 8 sessions of LLL bio-stimulation,
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followed by 3 months of follow-up, the study side showed space closure more than the control side (Fig. 4)
as shown in Table 1, the patient also experienced pain reduction for the study side as compared for the
control side.

(b)

Fig.2. Laser irradiation inside patient’s mouth: (a) buccally, and (b) palatally.

(b)

Fig.3. Distance measurement between the two reference points for: (a) left and (b) right side inside the patient’s

mouth.

Fig.4. Difference in extraction space closure between experimental and control group inside
patient’s mouth.
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Table 1: Treatment progress for study and control sides (distance and pain level).

Time Distance Pain Laser Distance Pain levels Laser
interval for measureme levels for irradiation measurement for the irradiation
orthodontic nt for study study for study for control control for the

activation side in mm side side side in mm side control side
Day 0 15 6 4 15 7 x
Day 3 - - v - - x
Day 7 - - v - - x
Day 14 - - v - ; x
Day 21 14.2 1 v 14.8 3 x
Day 35 - - v - - x
Day 42 13.6 0 v 13.8 2 x
Day 56 - - v - ; x
Day 63 125 0 x 13.5 0 x
Day 84 9.3 0 x 12.02 0 x
Day 105 6.16 0 x 11.15 0 x

4. Discussion

The fact that orthodontic treatment takes a long time and is uncomfortable is one of the main obstacles that
may influence patients' decisions regarding the treatment. Several strategies have been investigated to
guicken the process; some of these include low-level laser therapy, vibrational therapy, corticotomy-
assisted orthodontics, micro-osteoperforation, pharmaceutical interventions, and innovative orthodontic
appliances. These accelerating tooth movement strategies produced satisfactory outcomes by increasing the
number of osteoclasts and activating already existing osteoclasts to stimulate bone resorption
(Diravidamani K. et al.,2012), low-level laser therapy was one of these methods. The advantage of using
such laser irradiations rather than drugs or chemicals demonstrates that they have no adverse systemic
effects on the body of the patient, nor pain or discomfort, unlike other methods. In the field of medicine,
various circumstances, wavelengths, and energy densities have been used to study the interactions of low-
level lasers (LLL) with bone components. (Genc G et al.,2013).

laser therapy bio-stimulation effect on the acceleration of orthodontic tooth movement and reducing
pain was investigated in this case report using dual diode semiconductor (GaAlAs) laser (980,810) nm with
(0.1 W) power, first month: 4 times (days 0, 3, 7, 14); starting from the second month: every 15 days 2. For
20 seconds, for each point. The rate of extraction space closure can be accelerated by biostimulation using
an 810 nm diode laser, it was found. As a result, it has the potential to accelerate tooth mobility during
orthodontic treatment. (Arumughan S et al.,2018).

Low-level laser (LLL) effects on several cells that are intimately associated with bone remodeling,
particularly osteoblasts, have been examined in cytological studies (Amid R et al.,2014). These
investigations show that LLLT could encourage differentiation then proliferation. According to animal
research, LLLT might have a favorable effect on bone regeneration and quicken experimental tooth
movement (Kawasaki K and Shimizu N,2000) (Yoshida T et al.,2009). In the present study, both the laser
and non-laser sides had relatively low pain scores. In line with earlier studies (M. Harazaki and Y.
Isshiki,1997) (P. Deshpande et al.,2016), the first day of coil activation was when the highest pain scores
were recorded. The amount of pain between the experimental and control groups was significantly different.
Studies showing the pain-relieving effects of LLLT (Almallah M. M. E. et al.,2020) (Qamruddin | et
al.,2020) during canine retraction (Doshi-Meta G and Bhad-Patil W. A.,2012). Which gave similar findings
to those obtained by this case report. Youssef et al. evaluated orthodontic pain, and pain levels were
collected every 21 days after the placement of nickel-titanium closed-coil springs until full canine
retraction. They reported significant reductions in pain scores during all phases of low-intensity laser
therapy (Youssef M. et al., 2008).
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Similar results were observed in our study on day 21, as shown in Table 1, with pain levels for the study
group being significantly lower than those of the control group and pain duration for the study side being
shorter than that of the control side for the duration of treatment because pain caused by inflammation may
be relieved by low-level laser therapy (LLLT) because it lowers levels of prostaglandin E2 (PGE2),
interleukin 1 (IL1), and tumor necrosis factor (TNF), as well as oxidative stress, edema, and neutrophil
influx (Alikhani M. et al.,2015). Nonetheless, some researchers find no statistically significant difference
in the discomfort caused by canine retraction (Limpanichkul W. et al., 2006; Heravi F. et al., 2014) (Heravi
F.etal., 2014). The patient's discomfort reaction was measured using the visual analog scale. Furthermore,
some researchers evaluated the rate of tooth movement when using LLLT, Doshi et al. used laser irradiation
on the study side on Days 3, 7, and 14 of the first month to determine the rate of tooth movement when
LLLT was applied. After that, on the 15th of every month until canine retraction is complete. Maxilla's
Mean Tooth Movement Rate increased by an average of 4.5 months at the end of months in the laser group
(Doshi G. et al.,2012). Similar results were obtained by this case report with a 4.99mm space difference
recorded for the study side on day 105 as demonstrated by Table 1 and Fig. 4 and canine space was nearly
closed. Heravi et al. used laser irradiation on Days 4, 7, 11, 15, and 28 in the first month after Activation
and on Days 32, 25, 39, 43, and 56 in the second month, and after 56 days there was no difference between
the laser group and the control group (Heravi F. et al.,2014). However, in our study, it was found by using
the parameters employed that the rate of retraction was almost 58% greater on the study side while the
control side was only closed by nearly 25% at the end of 105 days of follow-up there was nearly 5mm
difference between both sides.

5. Conclusions

Due to its bio-stimulatory effects, which generated an elevated biological response in the periodontium next
to the tooth, it was concluded that LLLT could be clinically useful in accelerating orthodontic tooth
movement under the conditions of the current randomized controlled experiment. In order to understand
the mechanisms underlying the biostimulation effects, determine the best laser settings, and identify any
adverse effects, additional research examining various irradiation parameters, longer experimental times,
and more frequent time points is required.
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Abstract

Introduction: All-ceramic crowns are widely used in prosthodontics and cosmetic dentistry due to their
good esthetic and proper physical properties. Chipping of ceramic is one of the most common post-insertion
complications, that can be fixed either extraoral or intraorally. The latter is time time-effective alternative,
less traumatic, and low-cost. A newer objective method of laser is a surface modification of ceramics to
increase surface roughness. The aim of this study is to provide a review of Er,Cr;YSGG (2960nm) in
intraoral repair and shear bond strength (SBS). Method: A thorough search considering Google Scholar
and PubMed published data and ten articles found who published between 2018 to 2022. Results:Because
of the variation in the material composition of all ceramic crowns (feldspathic porcelain, zirconia, lithium
dislocate, hybrid ceramics) different surface treatment methods are required for strong composite ceramic
interphase. The effect of Er,Cr:YSGG on porcelain was minimal and lower than hydrofluoric acid, while
for zirconia surface can be acceptable compared to no treatment. Conclusion: intraoral repair is an
effective and cost-effective treatment that does not require multiple appointments. However, the success
and durability of the restoration are dependent on technical and clinical experience and a superior
understanding of material composition.

Keywords: Intraoral repair, dental ceramics, ceramic chipping, Er,Cr:YSGG laser and shear bond strength (SBS).

1. Introduction

With the newest improvements in the sciences of materials construction processes and techniques, the
demand for more aesthetic restoration has increased. The exceptional aesthetic properties and
biocompatibility of all ceramic restorations permit their widespread usage in restorative dentistry. (Sousa
et al. 2022). All-ceramic restorations, such as aluminum-based porcelains, zirconium oxide ceramics, and
leucite or lithium-disilicate-reinforced glass ceramics, can be regarded as an alternative treatment option to
porcelain fused to metal restorations. Because it is the most stable and high-strength ceramic material,
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zirconium dioxide offers superior mechanical qualities when compared to traditional ceramics. It has a
flexural strength of 900 MPa and a fracture toughness of 9 MPa/m1/2. But for the ideal esthetic results the
zirconium dioxide does not have the best optical properties that mimic the natural teeth, so the solution was
to add a translucent layer of porcelain to permit the light transmission as the natural teeth. Owning to the
physical properties of the porcelain it chips easily when exposed to masticatory forces which may extend
to 160 ibf upper limit or in cases of occlusal discrepancy, or improper design and construction considering
the of masticatory force. (Kimmich and Stappert 2013),(Sailer et al. 2007) (Poli O et al, 2021). According
to a systematic literature review, chipping of the veneering ceramic is one of the most frequent technical
complications occurring at a rate of 12.7% following a three-year observation period (Pjetursson et al.
2015). Chipping of ceramic can cause esthetic and functional concerns that require repair, small chipping
of ceramic can be repaired intraorally with resin composite, which is economically effective, less traumatic
to the abutment structure, and pulp, and can be performed with a single session. While some etensive
fractures may require replacement or extraoral repair of the crown (Rekow et al. 2011),(Ghavam et al.
2017). Dental composite resin can be used for ceramic repair with intraoral ceramics repair kits. The
chemical interaction at this interface is essential for a strong and successful resin-porcelain bond. Surface-
roughening treatments on ceramic material are necessary to improve micro-mechanical retention. In these
techniques, the silan group could provide onding sites between the substrate and repair material following
the etching procedure (Duzyol, Sagsoz, et al. 2016).

In such a circumstance, a number of different treatments can be applied, such as Al,O; particle
sandblasting, acid etching as hydrofluoric acid, diamond disc grinding, Cojet system (surface air blasting
with silica particles and laser treatment (Ji-Young et al 2015). The increase in use of chairside laser
applications such as carbon dioxide (CO), neodymium-doped yttrium garnet (Nd:YAG), and erbium
chromium: yttrium scandium gallium garnet (Er,Cr:YSGG) lasers. (de Paula Eduardo et al. 2012) (Emre
Tokar et al, 2019; Farhad et al. 2012). Er, Cr:YSGG (2780 nm) is effective for removing both hard and soft
dental tissues._Erbium lasers eliminate hard dental material by using thermal ablation. This method
eliminated explosive tissue via water. This occurs as a result of the fast warming of subsurface water within
the structure of the hard tissue, which absorbs infrared laser light. Warming these water particlesimolecules]
increases their subatomic vibrations, hence increasing the subsurface pressure. Finally, a "blast" of tissue
removes tooth material or other hard substances, such as zirconia or ceramics.(Mirhashemi et al. 2019).
This study aim is to review the efficiency of Er,Cr:YSGG in intraoral repair of the ceramic fixed prostheses
from 2013 to 2023.

2. Method
2.1. Data source and search strategy

The literature search was performed by using Google Scholar and PubMed for studies about the intra-oral
repair that used the Er,Cr:YSGG laser as a surface modification for fracture of ceramics. The studies
collected from January 2018 to December 2022, all review studies were excluded from this study.

In this review, keywords such as” Intraoral repair”, “ceramic”, “porcelain”, “zirconia”, “Er,Cr:YSGG”,
“shear bond strength”, “SBS” were used to collect data and, only the studies published or translated to
English were included. All are in a full-text format and have the Er,Cr:YSGG laser as a main study group
or sub-group. Preparing for this review was started first by the selection of sequenced articles which was
performed by reading the abstract first and then data collection and arranging from the full text.

3. Results
In order to comprehend the intraoral repair strategies utilized for the treatment of ceramic fractures or

chipping, Google Scholar and PubMed searches yielded 6 papers that were included in this review. Table
1 provides a summary of the findings of the listed studies. In regard to Er,Cr:YSGG laser, several surface
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treatment methods such as diamond bur, sand blasting, Cojet, hydrofluoric acid, Nd:YAG laser and air
ablation were included in this study in order to modify ceramic surface roughness, increase bond strength,
and raise shear bond strength. In addition to that, a variety of types of ceramics, such as zirconia, lithium
disilicate, and feldspathic porcelain, were taken into consideration for this review. Ceramics that are based
on glass and are sensitive to acid were included, as well as ceramics that are not based on glass and are
resistant to acid. The repair systems that have been reviewed in this article were Cimara, Cimara zirconia
repair, Ceramic repair N, Clearfil repair, and Bisco intraoral repair systems The efficiency of Er,Cr:YSGG
during the ceramic intra-oral repair was investigated by considering the shear bond strength. Most of the
reviewed studies compared the new method “laser “with the traditional methods like acid etching, bur
grinding, Cojet, and sandblasting.

3.1 Intraoral repair without zirconia exposure

For restorations that have been chipped but do not reveal the zirconia layer, surface adhesion between
porcelain and composite resin may be achieved either by macro-mechanical, micromechanical, or chemical
methods(Borges, Sophr, et al. 2003). Most of the included studies compared SBS of composite the studies
review is listed in Table 1. Abdulla and Hassan, 2022 evaluated two repair systems bond strength to
porcelain surface and 50% porcelain and 50% zirconia, surface treated by Er,Cr:YSGG, sandblasting, and
control group with no treatment. The veneering porcelain surface treated with air abrasion had the highest
mean value (13.74 MPa), while the mixed surface's highest value was in the laser group with (11.24 MPa)
Lowest value was in the control group. In a similar study made by Polat, Tokar et al. 2021 they reported
the highest bond strength for 100% porcelain and mixed were in the control group with diamond bur with
16.76 MPa and 16.6 Mpa respectively. Baiomy et al. 2020 , had four groups for surface treatment air
abrasion, Cojet, Er,Cr:YSGG laser, and mixed group (Cojet and laser), in their study they revealed that
there was a significant difference between the groups(SBS) highest bond strength was in Cojet group and
the lowest value was in the laser group. These results are in accordance with a study made by Sarac et al.
2013. Four studies in the review measured the shear bond strength of composite to laser-treated Lithium
disilicate.

In a study by M. Chaharom et al. who modified the lithium disilicate surface with three different
methods HF 9,5%, Nd:YAG , Er,Cr:YSGG and compared to the control group with no treatment. The HF
group showed the highest shear bond strength, while the laser group was similar to the control group.
(Chaharom, Azar et al. 2018). These results disagree with Alkhudairy(Alkhudhairy, Naseem et al. 2019),
K.Barutcigit and O.Kirmali (Barutcigil and Kirmali 2020)who Obtained that the Er,Cr:YSGG was efficient
in lithium disilicate surface modification and shear bond strength improvement.\VVohra et al. assessed the
SBS and color stability of lithium disilicate by using three pretreatment methods, HF mean bond strength
was comparable to Er,Cr;YSGG. In addition to that the bond strength increases as the power and the
duration of the laser increase. For hybrid ceramics, one study performed by Oz (Oz et al. 2019) in 2019,
when a comparison of two types of hybrid ceramics treated with sandblasting, acid etching (hydrofluoric
acid 8% and phosphoric acid 37%), Er,Cr:YSGG laser (2W and 3W) and control group with no treatment.
The lowest SBS was in the control group followed by phosphoric acid, while the highest SBS was at 3W
followed by 2W, sandblasting, and hydrofluoric acid.

3.2 Intra-oral repair with zirconia exposure

Most of the reviewed studies used different surface treatment methods to repair exposed zirconia surfaces
in full ceramic crowns. Polat et al. compared the efficiency of Er,Cr: YSGG lasers with short and long pulse
durations to various surface roughening techniques for repairing zirconia ceramics with different surface
configurations. They found that SBS for sandblasting and Er,Cr: YSGG laser treatments exhibited no
noticeable differences. (Polat et al. 2021) .These results agree with a study made by Kiramli et al. (Kirmali,
Barutcigil, et al. 2015), additionally, a combination group of sandblasting and laser obtained the highest
SBS, especially with the Er.Cr:YSGG laser.
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Table 1: Reviewed studies.

Type of Manufacture Surface Study repair Result
Author/date X : .
ceramic r treatment design  system  /conclusion
- air abrasion
yields a greater
SBS than
Er,Cr:YSGG
-Zirconia (DD - Cimara laser
Mohammed - 100% zirconia BioZ Wis_,o, -Er,Cr,YSGG, 3W, repair -Ceramic repair
Abdulla and -100%porcelain Dental Direkt frequency 10Hz, puls . system. N system
Radhwan H  -zirconia with a - Ceramic dU(atlon 140u In vitro ~Ceramic d_emprjstrated
a - . (VITAVM® 9 - Air- abraded ir N significantly
12022 Veneering ceramic v/ ra sandblasting ger;?é:n higher SBS
Zahnfabrik Y values for all
surface-treated
substrates than
the Cimara
repair system.
-Dimond bur
grinding Grinding is
-Sand blasting Clearfil most
-100% 7 . - Vita VMK -Er.Cr;YSGG . appropriate for
o zirconia Master- ICE frequency 20Hz Repf'ilr, both zirconia
0 ,
Polat et al -100% porcela}m Zirkon ower 1.5W In vitro Noritake, and porcelain
- 50% porcelain P S Kuraray, P .
/2021. 50% zirconia Translucent, , *Long wavelength Japan -Sand blasting
Germany pulse duration 200 and short pulse
us duration shoed
short wavelength no significant
pulse duration difference
140ps.
-Air abrasion Cojet treatment
[ie enrtas rpT)]I(;/OSFi)::oia -Cojet Bisco had the highest
. -100% porcelain ~ USA ' -ErCrYSGG . intraoral SBS for
Baiomy et al o porceta X - Cojet In vitro o porcelain and
-100% zirconia -Bio ZX2 ) repair Kit) - - -
2020. 5 . +Er,Cr;YSGG zirconia while
Zirconium,
dental direkt 3w, pulse laser lowest.
' duration140ps and
germany . Iy
frequency 50 Hz.

- -No treatment ) HF and 3W
Barutcigit -Lithium (C"””O'g Single laser treatment
and O. disilicate HP9.S% . bond obtained
Kirmali -IPS. E.max L -Phosphoric acid In vitro unlve(sal comparable

37%- adhesive -
/2020. press, lvoclar Er.Cr: YSGG 3M ESPE results v'vlth

123 W Frsuency S,

1-Hz, for 20s. 9

Specimens
-Ceramic lased

-HF 9.6% (control) primer, (Er,Cr:YSGG)

- Er.Cr;YSGG Mono-bond  with 3.75 W
Vohra et 3._75W,15H_Z, 2 _ N Ivoc_lar power and 15
al/2019 Lithium disilicate IPS. E, max min and 4min In vitro -Bonding Hz frequency

: lvoclar - Er.Cr.YSGG 7W, system for 4 min

25HZ 2min and (Adhese showed bond
4min. Universal; strength
Ivoclar comparable
with that of HF
acids.
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-HF + silane
-HF + ultrasonic Er,Cr:YSGG
bath silane laser can be
Alkhudairy Lithium disili IPS. E.max -Self etch ceramic InVi -Silane, used as a
et al /20109. ithium disilicate press lvoclar primer n Vitro Ivoclar surface
-Er,Cr:YSGG + conditioner for
Silane. 4.5W, lithium
frequency 30 Hz, disilicate repair.
60s.
-No treatment
-Phosphoric acid Single Er,Cr:-YSGG
-Lva ultimate 37% bond can be an
. - 3M -Hydrofluoric acid  In vitro universal alternative
0Z/2019. Hybrid ceramics -Cerasmart, GC 6% adhesive etching method
-Sandblasting 3M ESPE for hybrid
-Er,Cr:YSGG 2W, ceramic repair
3W, 10 Hz, 20s.
-Er.Cr.YSGG 6W, - -
-ICE zirkon frequency 20Hz. highest in ghort
. . . ulse duration
Tokar et al -100% zirconia tranlucent *Long wave length | Ceramic F hile th
2019. -100% porcelain ~ -Vita VMK- pulse duration 200 nvitro repair N, dﬁ;?;xd' l?ur €
master us Ivoclar -
sshort wavelength group provided
140s the highest SBS
for 100%
porcelain.
-Control(no Porcelain HE arou
treatment) silane, h g d F;]
- HF 9,5% ultradent  Snowed the
Nd'YAG hlg_hest SBS
Chahrom I - PS E,max ’ . . while all laser
Lithium disilicate ' Power 4.5W,15Hz  In vitro -primer and .
et.al/2018. Ivoclar . ' ; groups did not
-Nd;YAG adhesive, imrove the
6W,20Hz self-etch boﬁd strength of
-Er.Cr:YSGG silorane composite to
1.5W and 6W for system, 3M -
h ceramic
Imin.
-Bur grinding
(control)
- CoJet Combination of
sandblasting sandblasting
- Noritake Co. “NA:YAG 1W, Cimara and laser
Kirmali et Zirconia -Nagoya 20Hz, In vitro repair treatment_ls
-Er.Cr.YSGG effective in
al/2015. 1.5W system zirconia repair,
-Sandblasting especially the
+Nd:YAG Er,Cr;YSGG
-sandblasting +
Er;,Cr:-YSGG

Tokar et al. discovered that the SBS between zirconia and composite resin may be strengthened by using
(Er,Cr: YSGG) laser surface treatments, shorter pulse laser with 140us irradiation was more effective than
longer pulse duration 200us but it was not significant from the diamond bur grinding (control)group (Tokar
et al. 2019). In a vitro study by Abdulla and Hassan that applied laser, air ablation and no treatment on the
zirconia surface the highest SBS value was at air ablation followed by laser treatment.(Abdulla and Hasan
2022) .
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4. Discussion

This review aimed to summarize the effect of Er.Cr:YSGG laser in intraoral repair of all ceramic crowns
and how the surface treatment can reflect on SBS in years between 2018- December 2022.

Chipping of veneering porcelain is the most common complication of ceramic crowns and the incidence
of chipping is higher in all ceramic crowns than in porcelain fused to metal crowns (Molin and Karlsson
2008). Multiple factors can be the cause of ceramic chipping such as lack of support, parafunctional
occlusion, or intra-ceramic defects (Pjetursson, Sailer et al. 2015). The first step of the repair is to
understand the classification of ceramic failure and the material, its extension an of the framework material.
The ceramic fracture can either be static, adhesive, or cohesive, and the material of the chipped part can
determine the method of repair (Aslam, Hassan, et al. 2018). Composite resin is the material of choice for
repairing the fracture, for successful repair, a strong bond between the composite and the ceramic must be
established. Mechanical and chemical methods are usually used. A variety of techniques are applied to
increase ceramic roughness like HF, sandblasting, silica embedding, air abrasion with aluminum oxide
particles, and laser there after silane application and resin bond before the repair composite(Swain 2009).
In the current review adherence to glassy matrix ceramics is well-established by the application of HF,
salinization, and adhesive resin, while the Er,Cr.YSGG did not improve repair bond strength alone. For
lithium disilicate in one study, the laser had comparable results to HF.

Surface treatment processes such as acid etching and silane application have no effect on the adhesion
between the zirconia framework and the composite material since zirconia is chemically inert and does not
contain any silica(Qeblawi et al. 2010). To form a chemical bond with silane, Z-prime is used to create a
chemical link with zirconia because it includes 10-MDP phosphate ester monomer, which chemically binds
with the oxide layer of zirconia and increases bond strength.(EI-Ashkar and Nabil 2022)

Other published research, however, has shown that the use of a laser does not improve the adhesion of
composite resins and zirconia.

4. Conclusions
On the basis and the limitations of our review regarding the Er,Cr;YSGG laser effect on all ceramic repair

the following conclusions could be drawn:

1- Er, Cr;YSGG laser does not improve the composite repair bond strength to porcelain in different powers,
frequency, and energy. For lithium disilicate ceramic can be improved. The HF is the best surface
treatment method for silica-based ceramics followed by silane and resin bonds.

2- The zirconia surface roughness was increased after laser treatment and even the shear bond strength
compared to no treatment surface .
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Abstract: Water pollution has created a critical threat to the environment. A lot of research has been done recently
to use surface-enhanced Raman spectroscopy (SERS) to detect multiple pollutants in water. This study aims to use
Ag colloid nanoflowers as liquid SERS enhancer. Tri sodium phosphate (NasPO4) was investigated as a pollutant
using liquid SERS based on colloidal Ag nanoflowers. The chemical method was used to synthesize nanoflowers from
silver ions. Atomic Force Microscope (AFM), Scanning Electron Microscope (SEM), and X-ray diffractometer (XRD)
were employed to characterize the silver nanoflowers. This nanoflowers SERS action in detecting NasPOs was
reported and analyzed concerning both shape and size using a 532 nm laser. We observed that the nanoflower's
structure produced strong SERS signals. The increase in the SERS signal is related to the deposition of NasPO.
molecules in the aggregated silver nanostructure in the solution. The concentration of NasPO4 plays a main role in
detection since the Raman signal becomes stronger as the concentration increases. The highest phosphate analytical
enhancement factor obtained for SERS in colloidal nanoflowers was 1.7x10° at 0.7x10% M which was the lowest
concentration.

Keywords: AgNFs, Hotspot, Raman spectroscopy, Tri Sodium phosphate, Surface Plasmon resonance.

1. Introduction

Water pollution, one of the world's challenges, results from fast industrialization and poses a severe
environmental danger. Organic and inorganic contaminants, like organic dyes, heavy metals, pesticides,
sulfides, and so on, harm the aquatic system [1-3]. One of these pollutants that are dangerous to human
health is fertilizers tri-sodium phosphate, which we will address in this research, as it can cause permanent
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damage to human kidneys, leading to death [4]. Raman spectroscopy is a method that employs the
vibrational spectrum to detect chemical interactions in a molecule and also being sensitive to surrounding
changes [5]. As a consequence, Raman spectroscopy is a valuable tool for chemical and physical study.
The Raman spectrum offers information particular to a substance, allowing for molecular identification [6].
Furthermore, Raman spectroscopy necessitates a simple preparation of the sample [7]. Raman signals are
typically weak, but they can be significantly increased by adsorbing molecules on a roughened surface of
metal or metal nanoparticles. This technique is known as surface-enhanced Raman spectroscopy (SERS)
[8]. SERS is considered an effective optical sensing process to detect various analytes. The SERS impact
has been linked to an improvement in the effectiveness of Raman scattering for molecules that are present
on or very close to the surface of specific metal nanostructures, particularly free-electron metals like gold,
silver, and copper. As a result, chemically or physically adsorbed molecules on these metal nanostructures
experience a considerable Raman signal increase. SERS is capable of detecting even a single molecule and
achieving very large enhancement factors (more than 10'°) with appropriate metal nanostructures and
measurement settings [2,9]. The most frequently accepted explanations for SERS are the electromagnetic
mechanism (EM) and the chemical mechanism (CM) [10,11]. EM has been reported to be more significant
than CM [12]. EM is primarily based on surface plasmon in a metal nanostructure [13, 14]. In the EM
process, electromagnetic waves interact with plasmonic metal nanostructures which leads to amplifying the
Raman signal [15,16]. SERS has evolved into a valuable instrument for the quantitative study of hazardous
compounds, even at low levels in food and the environment. SERS substrates are metal nanostructures that
increase the Raman spectral signature of molecules deposited on them. SERS substrates can be of two
different natures: colloidal nanoparticles in solution or nanostructures deposited on a surface [17]. It is
commonly assumed that the significant Raman signal increase in SERS results from electromagnetic
motivation at 'hot spots' on the SERS substrate [9,18,19]. These 'hot spots' are often nanogaps between
neighboring metal nanostructures or narrow areas surrounding metal nanostructure tips [18,19]. Because of
the number of 'hot spots,' experimental research and theoretical calculations have revealed that complex
silver nanostructures including dendritic, flower-like, and star-like nanostructures can give an extremely
high increase in the electromagnetic field [20-21].

This study will focus on the flower-like silver nanostructure as a liquid SERS substrate to demonstrate
the detection of tri-sodium phosphate as a pollutant in water. Several research teams have created flower-
like silver nanostructures known as silver nanoflowers-AgNFs to be used as SERS substrates [2].

2. Experimental work
2.1. Materials and methods

Tri-sodium phosphate (NasPOs), and silver nitrate (AgNOs) were purchased from CDH, India, and ascorbic
acid (AA, CeHsOe) tri-sodium citrate di-hydrate (TSC CsHsNazO7-2H,0), polyvinylpyrrolidone (PVP) were
purchased from SABIC, KSA, De-ionized (DI) water

2.2. Synthesis of silver nanoflower

First, an ice water bath arrangement was prepared by placing a 50 mL beaker holding 20 mL of
distilled water in a 250 mL beaker having ice cubes. This configuration was exposed to 400 rpm magnetic
stirring. After 10 minutes, a 0.5 M aqueous solution of AgNO3 (2 mL) was added to the water. For another
10 minutes, the solution was treated with 0.3 M PVP aqueous solution (2 mL). The solution was then treated
with 0.25 M tri-sodium citrate di-hydrate (0.2 mL) at 10-minute intervals. After 10 minutes, 0.5 M of AA
(2 mL) was poured into the previously stated solution while stirring constantly [2]. A dark grey solution
was obtained. A scanning electron microscope (SEM) AxiaChemiSEM by Thermo Scientific, the
Netherlands, and an atomic force microscope (AFM) Model TT-2 AFM workshop, USA, were used to
examine the surface morphologies and nanoparticle size distributions of the prepared Ag nanoflower. An
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X-ray diffractometer (XRD) was applied to measure the crystallographic information of the Ag
nanoflower in the range from 10 to 80. An ultraviolet-visible (UV-Vis) spectrophotometer was utilized to
investigate the absorption spectrum of NasPOs.

2.3. Preparation of Samples for SERS Spectra

Four samples of NasPO, were prepared at concentrations (0.7x1073, 0.7x10%, 0.7x107%, and 0.7x10%) M in
the Ag nanoflower colloidal. In order to make a comparison, we prepared a sample with a concentration of
0.7x10 M of NasPOy in distilled water only. This bare sample will allow us to better understand the effects
of the pollutant in question. SERS spectra samples were measured in a glass vial with the laser beam focused
within. Raman scattering measurements were taken by using a Raman microscope (532 nm Preconfigured
Raman Spectrometer System) by (Stellar Net, Inc. Florida, USA). Samples were stimulated by a 532 nm
laser line generated by a laser with a power of 70 mW at the sample and an integration time of 9 ms. In all
cases, the spectral resolution was adjusted to 2 cm™. SERS spectra were registered using a total acquisition
time of 10s for each SERS spectrum and a single scan. All Raman measurements were taken in the spectral
region (200 — 2000) cm™.

4. Results and Discussion
According to the SEM images in Fig.1, the size of silver nanoflower was approximately 400 nm. The

nanoparticles were aggregated and formed hot spots which were thought to be the source of the substantial
rise in signal strength required for single-molecule detection [22, 23].
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Fig.1: Scanning Electron microscope images for silver nanoflower.

According to the results obtained from the AFM, the average silver nanoparticle size was 13.61 nm; see
Fig.2. The image shows that the nanosilver cluster formation in the topographic distribution is uniformly
distributed. The test also revealed that the density of the silver nanoflower colloidal solution was 434
million particles/mm?. The X-ray diffraction pattern of the AgNF structure exhibited unique diffraction
peaks at (38.341°, 64.656°, and 77.625°), which are similar to pure silver crystal planes (111), (220), and
(331); see Fig.3. These strong peaks in the planes suggest that the AgNFs are extremely crystalline. There
were no further impurity peaks found, indicating that the samples were extremely pure. The crystalline size
of Ag-NF was calculated from the Debye — Scherer equation and the average value of it was 43.6 nm [24].

L=k A/ B cosOs (1)
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Where L, k, A, B, and 85 are the crystalline size, the shape factor value which equals 0.9, the wavelength of
the X-ray in nm, full width at half maximum (FWHM) in radians, and the diffraction angle in radians
respectively. It is clear from Fig.4 that the absorption spectrum of NasPOs is approximately 200 nm which
makes the 532 nm laser used in the Raman measurement suitable hence it is not very close to the absorbance
area that produces fluorescence.
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Fig.2: AFM analysis: Granularity cumulation distribution histogram and AFM- 3 dimensions image of silver
nanoflower.
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Fig. 3: Typical XRD pattern of AgNFs that have been synthesized.
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Fig.5: SERS intensity at the main peak (950 cm™) of Raman spectrum for NasPO, against the
concentrations of NazPO, in Ag nanoflowers colloids.

The samples containing AgNFs showed greater Raman intensities at all Raman peaks than the bare ones;
see Fig.5. It has been linked to the massive hotspots generated by the sharp edges and nanogaps of AgNFs
structure when subjected to laser light [2,25]. A significant local electromagnetic field is generated around
the surface of the nanostructure which can be up to 100 times stronger than the incident one [26], resulting
in a significant amplification of the Raman signal. This strong local electromagnetic field resulted from the
excitement of localized surface plasmon (LSP), which correlates with collective oscillations of the cloud of
electrons within nanostructures, or electromagnetic interaction between nanostructures. [27,28]. Based on
previous research, it has been found that the greatest increase in hot spot enhancement occurs when the
distance between nanoparticles is reduced and the particle diameter is smaller, especially when the surface
curvature increases [29].The electromagnetic coupling in the space between the nanoparticles is caused by
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the nanoflowers aggregated in the solution. Due to the adjacency effect, the enhancement with the
aggregated nanoparticles is more intense than for individual ones owing to forming electromagnetic "hot
spot™ in the nanoparticle gap, which produce a strong SERS signal from the molecules around it [17].
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Fig.6: SERS intensity at the main peak (950 cm) of Raman spectrum for NasPO4 against the
concentrations of NasPO, in Ag nanoflowers colloids.

The relationship between the concentrations of NasPO, and SERS intensity has shown in Fig.6. It is obvious
that when NasPO. concentration increases, the SERS intensity increases too; this is attributed to the increase
of the molecules of Na;PQ, attracted to AgNFs, Thus the Raman signal will be strengthened so the enhance
Raman scattering strengthen which agree with articles [8, 30].

The analytical enhancement factor (AEF) was utilized to assess the actual SERS enhancement produced
by EM and CM. AEF takes an analytical method for signal enhancement, combining signal strength with
analyte concentration (C). This measure is useful when estimating the amount of analyte molecules present
is difficult, especially for analytes that have no specific affinity for the plasmonic surfaces. AEF influences
the vibration mode of a specific analyte in a normal Raman signal in the SERS technique, and it is directly
proportional to the strength of the local electromagnetic field, referred to as a hot spot [31, 8].

AEF = IsERsXCNRS )
Csers XINRs
Where; Inrs and lsers refer to the counterpart intensities of normal Raman and SERS, respectively, Cnrs
and Csers are the concentrations of the analyte in the normal Raman and SERS liquid substrates,
respectively.

Based on our analysis, there appears to be a nonlinear increase of AEF at the highest peak (950 cm™) as
the concentration of NasPO., decreases. This means that SERS is more efficient with lower concentrations.
Overall, this information can help us better understand the effects of Na3PO4 on the samples we are
analyzing; see Fig.7. Very low molecule concentrations improve the probability of specific molecule
localization, which leads to better detection and hence raises the AEF by enhancing the SERS signal. At
0.7x10® M, the maximum phosphate AEF found for SERS in colloidal nanoflowers was 1.7x10%. The
variation in (AEF) was mostly related to the variation in overlaps between SPR bands as a function of edge
size and degree and the laser source. For ultrasensitive detection of phosphate molecules, the
electromagnetic process of aggregated AgNF creates multiple hotspots from plentiful nanogaps on
nanoflowers [29].
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Fig.7: AEF at the main peak of SERS Raman intensity (950 cm™ against the
concentration of NasPOs in the Ag nanoflowers colloid.

5. Conclusions

Tri sodium phosphate was examined as a pollutant utilizing liquid SERS based on colloidal silver
nanoflowers. The structure of nanoflowers with sharp edges and corners produced strong SERS signals.
The aggregated nanoflowers in the colloidal have generated hot spots When NasPO. molecules are absorbed
in solution and engage hot spots, the electromagnetic field increases, so the Raman signals are enhanced.
The hot spot regions, which exist as minimal distances between nanoparticles, have an effect on the intense
electromagnetic fields; SERS signals are greater within these microscopic hot spots. The AEF is directly
proportional to the strength of the local electromagnetic field (a hot spot). The AEF influences the vibration
mode of a specific analyte in a normal Raman signal in the SERS technique. As the NasPO. concentration
increased, so did the Raman peaks. At 0.7x10° M (the lowest concentration), the highest phosphate AEF
for SERS in colloidal nanoflowers was 1.7x10° which means SERS is more efficient with lower
concentrations.
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Abstract

Background: Candida albicans is a prevalent commensal that can cause severe health problems in humans. One
such condition that frequently returns after treatment is oral candidiasis. Aim: the goal of this research is to evaluate
the efficiency of 940 nm as a fungicidal on the growth of Candida albicans in vitro. Material and Methods: In vitro
samples (fungal swabs) were taken from the oral cavity of 75 patients suffering from oral thrush. Following the process
of isolating and identifying Albicans. The samples are divided into four groups:(Group 1): Suspension of C. albicans
was put in a solution of saline as a control group. (Group 2): Suspension of C. albicans that had been treated with
nystatin. (Group 3): Suspension of C. albicans was irradiated by diode laser 940 nm at 1 W for 300 seconds in
continuous mode. (Group 4): C. albicans suspension was irradiated by laser in a combination of nystatin. ANOVA,
Dunnett t, and LSD tests were used to examine the data. A highly significant statistical variation in the count of C.
Albicans before and after therapy. Results: The result of this study, finds that the reduction in the CFU/ml in group
4 (laser+nystatin) is highly significant and diode laser has a fungicidal effect on the growth of candida albicans.
Conclusion: using a 940 nm diode laser (continuous mode) in a combination of antifungal (nystatin) acts as a
fungicidal effect on Candida albicans.

Keywords: Candida Albicans, diode laser, 940 nm, Nystatin, oral thrush.

1. Introduction

Oral candidiasis is caused by a fungal infection called Candida albicans, which accounts for 60-70% of all
cases (Hussain and Al-Drobie, 2022). Non-pathogenic Oral candidiasis could be caused by the yeast
Candida albicans, which was a common member of the oral microbiota. (Al-Ali DA and Al Groosh
D,2022). In persons with decreased cellular immunity, C. albicans could become active and cause oral
infections (Williams et al,2012). Fungi have been discovered in dental root canals, dentin walls, and even
periodontal pockets (Al-Maliky MA et al, 2022).
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People who wore poorly fitting dentures were at risk for developing denture stomatitis, a chronic
inflammatory condition of the palatal mucosa. (Karkosh ZS et al , 2018; Mawlood ZS and Naji GA,2020;
Mohammed HA and Fatalla AA,2020).Even more concerning was the fact that 81% of AIDS patients
receiving oral candidiasis treatment had Candida species that were resistant to antifungal drugs like
fluconazole. (Johnson EM et al,1995). Between one-third and two-thirds of those who wore full dentures
suffer from this problem. (Jainkittivong A et al,2010). Treating fungal infections, particularly systemic
ones, is notoriously challenging due to therapeutic limitations and the emergence of drug-resistant strains.
These findings highlight the importance of continuing to investigate and develop innovative therapies for
fungal illnesses. (Chabrier et al,2008; Cowen LE et al,2009; Coleman JJ et al, 2010). Denture stomatitis is
difficult to treat due to the multifaceted complexity of the disease's source. Traditional treatments include
things like better dental care, antiseptic mouthwash, denture removal and soaking in disinfectant solution
at night, and the replacement of ill-fitting dentures. The antifungal drug nystatin is effective in treating
denture stomatitis. (Cueto et al,2013).

Nystatin is a Polyenes family member, and it functions by binding to ergosterol (a part of the fungal
cell wall). Furthermore, it forms a complex with cholesterol in the cytoplasmic membrane of the host cell.
Nystatin has an association with a number of unpleasant side effects, including diarrhea, stomach
discomfort, tachycardia, bronchospasm, face swelling, muscular stiffness, Itching, burning, and rashes;
Stevens-Johnson syndrome (Hammond SI.,1977). Using nystatin for an extended period of time not only
requires the patient's cooperation but also raises the possibility that the fungus Candida albicans will
develop resistance to the drug(Janeth et al.,2019). Furthermore, the drug is quite expensive (Zomorodian K
et al,2011; Orlandini et al,2020). Low-level laser (LLL) is a type of laser that has non-thermal effects on
biological systems (Lin et al,2010) and is used in biological systems to promote tissue regeneration and
minimize inflammation (Huang et al,2011). The optical window for low-level laser treatment is between
600 and 1100 nanometers (nm), resulting in deeper tissue penetration and a larger cell-light response
(Raghavendra,2005). The 940 nm diode laser is often used in dental offices because it is small, easy to get,
cheap, and can be used for many different things in oral medicine.This source's radiation has an effect on
the biofilm and destroys it (Mustafa and Salah,2020).

The aim of this research was to assess the efficacy of a 940 nm laser with a 1 W power output and a
300 s duration in inhibition of C. Albicans colonies.

2. Materials and methods
2.1 Samples collection and preparation

The University of Baghdad's Basic Science and Microbiology Department provided a Candida albicans
strain isolated from the oral cavity of a patient suffering from oral thrush in order to test the antifungal
activity. This strain was grown in a 48-hour incubation at 37°C by plating it on Sabouraud Dextrose Agar.
The suspension was diluted in an optical density 0.5 McFarland standard solution. The amount of C.
albicans that was prepared was 10”4 viable cells/m. The suspension (10”4 cell/ml) was transferred to a 96-
well microplate (0.1 ml in each well) using a sampler. Every antifungal activity test was carried out inside
the laminar flow hood, at room temperature, in complete darkness, and under sterile circumstances.

2.2 Groups

Four groups were investigated on different microtiter plates:

Group 1: C. albicans suspended in saline solution served as a control.

Group 2: a suspension of C. albicans that has been treated with (0.1ml) of nystatin solution (100.000
Units/ml).

Group 3: C. albicans, irradiated by (940 nm diode laser) only.
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Group 4: C. albicans irradiated by (940 nm diode laser) in a combination of(0.1ml) nystatin.
2.3 Laser Irradiation

The laser source in use is a 1 W continuous mode diode laser with a wavelength of 940 nm. Irradiation was
performed at a 90-degree incidence angle with the laser beam's constantly pointing in a direction
perpendicular to the wells' entrance, as in Fig.1

Fig.1: Irradiation procedure.

2.4 Antifungal activity test

A 0.1 ml of a diluted fungal culture containing 1*10* CFU/ml was administered to group 2 along with 0.1
ml of nystatin. Following that, (0.1 ml) was seeded on Sabouraud dextrose agar. The dishes had been
incubated for 48 hours at 37°C. The number of total colonies of Candida albicans (colony forming units
CFU/mL) was used to analyze the plates. Using the Swanson, Petran, and Hanlin approach, a sample of
colonies between 30 and 300 colonies was chosen for counting. (Swanson et al,2001).

3. Statistical analysis

In order to compare the means of different groups, the gathered data were put through an ANOVA is a one-
way analysis of variance. The data was summarised using the mean and standard deviation (SD) and
statistical significance was assessed by comparing means and testing for differences using a p-value
threshold of 0.05. Multiple Comparisons by Dunnett t-tests were used in order to compare between tested
groups and control. SPSS was used for all the statistical analyses (v 20).

4. Results

After isolation and identification of C.albicans, radiated by laser as adjacent or assistant to nystatin for
biomodulation process, the result was sent to statical analysis. Table 1 demonstrated significant differences
between tested means. Table 1 demonstrated significant differences between tested means. The letters A,
B, C denoted the degrees of significance, with the most significant beginning with (A)
G4(Laser+nystatin)and decreasing with the (C) last (laser alone) .To quantify the significant differences
between tested means, the LSD test was performed . Table 2 shows the difference in the statical analysis
between groups, compare the colony-forming unit of Candida albicans in G1(control) with other groups,
it’s the highest then laser alone G3 and the lowest one is the G4 (laser + nystatin). The test used in Table 2
is the Dunnett Test which compares the means of two sets of data to determine whether or not there is
statistical significance between them.
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Table 1. Differences between several groups.

940 nm Laser

1 watt CONTROL AF LASER L+AF
) P value
5 minutes
N 5 5 5 5
B C A
Mean x 10 CFU/mL 372.60
69.20 90.80 34.40
Median 372.00 70.00 91.00 35.00 0.01
Std. Error of Mean 1.02 0.86 1.21 SIG
1.08
Std. Deviation 2.41 2.28 1.92 2.70
Minimum 370.00 66.00 88.00 30.00
Maximum 376.00 72.00 93.00 37.00

AF=antifungal

L+AF=Laser + antifungal

Table 2. Descriptive data comparing the CFU/mI of Candida albicans in different tested means.

Multiple Comparisons/ 940 nm Laser 1 watt 5 minute

Dependent Variable: CFU Dunnett t (2-sided)

95% Confidence Interval

Mean .
GROUPS (J) GROUPS Difference (I-J) Std. Error Sig. Lower Upper Bound
Bound
AF CONTROL 303.40 1.45052 0.000 307.2454 299.5546
LASER CONTROL 281.80 1.45052 0.000 285.6454 277.9546
L+AF CONTROL 338.20 1.45052 0.000 342.0454 334.3546

AF=antifungal
L=Laser
L+AF=Laser +antifungal

* The mean difference is significant at the 0.05 level.
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Table 3. Time's effect on the CFU/mL.

940 nm Laser 100 150 200 250 300 P
1 watt CONTROL  gec SEC SEC  SEC  SEC  VALUE
N 5 5 5 5 5 5
Mean x 10* E D C B A
372.60
CFU/mL 323.40 295.60 254.60 187.80 90.80
Median 372.00 324.00 295.00 255.00 188.00 91.00
0.001

Std. Error of

1.08 1.08 0.68 0.51 0.86 0.86 SIG
Mean
Std. Deviation 2.41 2.41 1.52 1.14 1.92 1.92
Minimum 370.00 320.00 294.00 253.00 185.00 88.00
Maximum 376.00 326.00 298.00 256.00 190.00 93.00

Table 3 exhibited a statistically significant difference between different groups by studying the effect of
time on the CFU, showed the significant difference in (300 s) and the lowest one in (100 s). Fig 1. Showed
the percentage of mean values of CFU of Candida albicans, in G1(control) is a very highest percentage,
then the Group of lasers alone(G3), then the percentage of (G2) Group of nystatin alone and the lowest
percentage is the Group of (laser+nystatin) G4.

372.60
400.00 A
TE' 350.00
S 300.00
('8
O 250.00
S 200.00
> 150.00 90.80
X A
€, 69.20 —
b 00.00 a—— 34.40
S 5000 ] P
0.00
CONTROL AF LASER L+AF
Tested groups

Fig.1: Average of colony-forming unit percentage between tested groups.
5. Discussion

Although light's effects have been studied for quite some time, its application as an antifungal agent is more
recent.(Mt L et al,2004; Gutknecht N etal ,2000). Many pathogenic microbes have become resistant to
conventional antimicrobials, prompting researchers to investigate this phenomenon. The process of
acquiring new knowledge by any number of methods, some of which may be therapeutic in nature, is often
referred to as “therapeutic.” (Tardivo JP et. al,2005; Donnelly RF et. al,2008; Gonzales FP and Maisch
T,2012; Oliveira et. al,2014; Bota C and Caruntu B,2015; Meimandi M et al 2017).

The term "therapeutic" refers to the process of obtaining new knowledge through a variety of
approaches, including therapeutic techniques. The size of the microbe, the presence of the nucleus, and the
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cell wall all contribute to the distinct properties of a fungal cell, emphasising the need to select the
appropriate wavelength, power, and time. Group 4 (laser with nystatin) had considerably higher mean
values of percentage of CFU compared to the other groups (Table 1). Table 3 exhibited statistically
significant changes in CFU with increasing exposure duration, this might be related to the laser's direct
action on the cytoplasmic membrane. According to other studies, this one demonstrated that diode laser
treatment decreased candida albicans CFU with time. (Mahdi RA and Mohammed AA,2010; Anwer
AG.,2005).

In our pilot study, A general mechanism can be developed to explain this phenomenon, one that can
account for promoting cell culture activities with visible and infrared lasers at low laser doses, as well as
the destructive action of these same lasers at large dosages. In the mitochondria, laser irradiation may result
in the creation of a transmembrane electrochemical proton gradient. This increases ATP generation, which
activates the Ca?* pump, which depletes the Ca?" concentration gradients of the surrounding media
compared to the cytoplasm. This stimulus increases Ca?* entry into cells through the Ca2* ion channels in
the plasma membraneMore Ca?* is released from mitochondria via an antiport mechanism when enough
irradiation is applied, as a result of the proton motive force (pmf) caused by the proton gradient. Together
with other variables regulated by pmf, the increased cytoplasmic calcium induces mitosis and boosts cell
proliferation. (Anwer AG.,2005).

Too much Ca?" is released at high laser dosages. Ca?*- ATPase becomes hyperactive as a result,
depleting the cell's ATP supply. Certain wavelengths of light can also activate some of the intrinsic
components of cells. This allows for the modification of both individual biochemical events and the
metabolic activity of entire cells. It is thought that low-power laser effects depend on this kind of reaction.
The results of this investigation agreed well with those of previous studies. Mitochondria are vulnerable to
exposure to monochrome visible and near-infrared light, as shown by a number of different lines of
evidence. (Anwer AG.,2005).

6. Conclusion:

A 940 nm diode laser (continuous mode, 1 W, 300 s) was found to be effective in decreasing the quantity
of Candida albicans in an in vitro investigation, especially when used in conjunction with nystatin.
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Abstract

Background/purpose: Dental implantology involves different treatments that have been used in conjunction with
dental implant surgery to increase implant stability and bone regeneration process. Photobiomodulation( PBM) can
be one of these techniques. The objective of this study was to evaluate the bone density around implants.
Materials and methods: in this study, 10 individuals had 20 implants inserted in the posterior of their mandibles.
each patient received two implants the left side served as the control whereas the right side served as the study group
with a diode laser (same patients). measurements were made for each implant. Measurements were obtained using
cone-beam computed tomography (CBCT). Results: Cone beam computed tomography (CBCT)analysis found
statistically significant quotient differences between the study groups were discovered. (P = <0.001) had a better
degree of bone integration than the control group after 3 months of observation of different powers the best power
effect on bone density around the implant from group 1 is 50 mW while the best power in bone density around the
implant from group 2 is 4 W Conclusion: Effective osteogenesis promotion by photobiomodulation is possible; the
bone healing process was accelerated around implants by different powers of 650nm and 976nm of the laser's
photobiomodulation action.

Keywords: Dental implantology; biostimulation; diode lasers; PBM; bone density.

1. Introduction

A dental implant (also known as an end-osseous implant) has been used to substitute missing teeth for more
than 50 years. Modern dentistry aims to get the patient back to normal function., contour, comfort, esthetics,
speech, and health by replacing teeth with a prosthetic or treating a diseased tooth, a dental implant is a
significant development in dentistry as has improved greatly the success rate of replacing lost teeth (Warreth
et al,2017). Success in implant dentistry depends on several parameters that may improve the phenomenon
of osseointegration and new bone formation in close contact with the implant (Jani et al,2015).
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Implant stability is considered one of the most important factors affecting the healing and successful
osseointegration of dental implants (Ibraheem et al,2015). The stability of an implant is its ability to sustain
loads in axial, lateral, and rotational directions (Staedt et al,2020). Generally known to be "a measurement
of the difficulty of moving an item or system from equilibrium (Atsumi et al,2007). Secondary stability
results from osteointegration, a biological process, whereas primary stability is mechanical (Yoshiki Oshida
et al,2007). By coincidence, the Swedish orthopedist Branemark and his associates discovered
osseointegration the occurrence of bone integration with titanium in the 1960s. Consequently,
osseointegration includes the clinically asymptomatic, hard fixation of alloplastic materials, which is
maintained during functional loads (Dugum et al,2008).0Osseointegration is defined as the direct structural
and functional connection between both the titanium implant surface and the organized vital bone, which
can receive functional loads (Albrektsson et al,1981). This connection is characterized by forming a thin
layer of bone tissue around the implant, which becomes firmly attached to the implant over time without
fibrous tissue in between (Abdullah et al,2023).

The clinical success of dental implants is directed by the implant surface and bone cell responses that
promote rapid osseointegration and long-term stability (Turkyilmaz et al,2007). Implant stability is
considered one of the most important factors affecting the healing and successful bone healing of dental
implants (Heinemann F et al, 2015). Many attempts have been made in recent years to enhance implant
shape, design, materials, and processes to accelerate bone healing. process and implant density success
rates. treatment with PBM is a new technology that has been developed to the osseointegration surrounding
dental implants should be improved. Based on its capacity to stimulate the biochemical and molecular
processes involved in tissue repair, increased to promote the biochemical and molecular mechanisms
needed for tissue (Arakeeb et al,2019).

Laser light irradiation has been applied in the medical field and has biostimulatory effects on wound
healing, collagen synthesis, and fibroblast proliferation in addition, laser light appears to increase
mitochondrial respiration and adenosine triphosphate (ATP) synthesis (Avci P et al,2013). Furthermore, an
adequate method of measuring the effectiveness of primary stability and bone density is required. Since the
removal torque method and histomorphometry analysis measurements are invasive techniques (Matys et
al,2015). Additionally, it has been noted that cone-beam computed tomography (CBCT) offers
submillimeter isotropic voxels that enable precise measurements of bone density (error 0.1) (Matys et
al,2019). The method can be considered a preferential diagnostic tool for bone, density evaluation during
implant treatment as it provides qualitative and quantitative analysis (Matys et al,2015) (Dahiya et al,2018).
Noninvasive osseointegration assessment technologies include X-ray imaging, cone beam computed
tomography (CBCT), multislice computed tomography (CT), and micro-computed tomography (MCT)
(Arakeeb et al 2019). Some studies have reported that PBMT has the best result when compared with other
methods (Matys et al,2015) while other studies have reported no significant difference. This controversy
may be due to multiple factors, some related to laser parameters and others related to the incorrect diagnosis
of selected patients (Garcia-Morales et al,2012). Any implant procedure's success is influenced by several
patients- and procedure-related factors, including the patient's overall health the implant surface design, the
biocompatibility of the implant material, the surgical procedure, and the quantity and quality of the
surrounding bone (Parithimarkalaignan et al,2013).

The purpose of the study was to compare the effects of 650 and 976 nm diode lasers of varying powers
on bone density around implants using computed tomography (CBCT). Using OnDemand software, relative
bone density (RBD) was determined by placing a simulated implant at the inserted implant and adjusting it
to the same size and position, then measuring the relative bone density using the software's verification
tool.

2. Materials and method

The study was performed in line with the principles of the Declaration of Helsinki. Approval was granted
by the Institute of Laser for post-graduate studies.
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3. Design and Investigation of Nanowire Metasurface Grating Polarizer

Ten male patients (age: 30-50 years) with missing teeth for at least 6 months were randomly selected for
this study. Each patient had received two implants (neoabietic company), On both sides of the lower jaw.
According to the delayed implant placement protocol, the late insertion approach requires a 6- to 8-month
waiting period between tooth extraction and implant placement (Gallucci GO et al 2018). Each group
(divided into 2 groups Group 1(study group) 650nm (n=5, 10 implants), power used is 25 mW,50 mW,
75 mW,100 mW, and 200 mW on the right-side Time used 40 seconds, continuous emission mode and
group 2 (study group) treated with 975nm (n=5,10 implants) power used is 0.5W,1W,1.5W,2W,4W on the
right side. Time used 40 seconds, continuous emission mode. The left side of each group served as a control.

4. Diode Laser

The Woodpecker LX 16 diode laser used two wavelengths 650 nm and 976 nm, handpiece diameter:8mm,
output differentness power, spot area: 0.5024 cm?, continuous mode, time: 40 sec per point, 2 points
(irradiation on a buccal and a lingual side of the alveolus/implant). when the irradiance law is used
(irradiance = power/cm?). Inclusion Criteria: Patients ranged in age from 30 to 50; they were missing lower
posterior teeth; the working regions were edentulous for at least 6 months; and the investigation was
performed on the lower jaw's two-sided structure. is shown in Fig.1.

Fig. 1. The patient's lower jaw two-sided missed lower posterior teeth.

The groupl and group?2 (test) group’s implants were irradiated with the aluminum gallium arsenide (diode
laser) from Woodpecker Company according to the following protocol: immediately after the surgery and
3,5,7,9,11,13,15,17, and 19 days. Exclusion Criteria Patients with significant bone loss, diseases that slow
the healing process, such as diabetes and thyroid disease, females who could have hormonal changes that
might alter the research’s findings (Koszuta P et al 2015), and patients who get radiation or chemotherapy
are all excluded from the study.

5. Surgical phase

All patients had surgery under local anesthetic made up of 2% lidocaine and 1:100,000 epinephrine, both
provided by Novocol Pharmaceutical of Canada. Lower mandibular posterior left and right had a horizontal
mid-crestal incision made using a #15 Bard-Parker blade through the connected gingival and rather lingual
to the ridge's crest (3-4 mm to the crest), and the mucoperiosteal flap was bluntly dissected with a periosteal
elevator and performed exposed buccally and lingually by a reflection on the alveolar ridge's buccal side.
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Osteotomies were performed using a starting drill with a pilot hole of 2.0 mm, followed by further drills
directed by the manufacturer at a drilling speed of (800 rpm), then the implant was put in its position shown
in Fig.2. A Preoperative CBCT (Kavo OP 3D PRO, Biberach, Germany) was performed on the patients to
assess bone density using the OnDemand3DTM software (Cybermed Inc., Seoul, Korea) (Mello-Machado
et al., 2021). To examine the relative bone density around each implant, all patients in the two groups were
tested by CBCT on the first day after implant insertion, followed by another one month later, and finally
after three months. Relative bone density (RBD) was measured around the implants with OnDemand
software by placing a simulated implant at the implanted implant and adjusting to the identical size and
position, then measuring. The software's verification function was used to determine the relative bone
density as shown in Fig.3.

Fig. 3. Using the verification tool in the simulation, measuring the relative bone density surrounding
the simulated implants in On-Demand software.

Bone density (grayscale value) was measured at the two-sided around implant the implant of each patient.
The greyscale value for all subjects was measured by CBCT software in recent years (CBCT) and has grown
in acceptance in the dental field. Other studies discovered a strong correlation between the Hounsfield unit
calculated from CBCT voxel values and real parameters of bone density acquired from Micro-CT and multi-
slice CT, suggesting that CBCT may be used to measure bone density.
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6. Statistical analysis

ANOVA analysis was performed. repeated measure compared to the control concentration. Information
presented as mean SD. The letters (A, B, C, and D) are extremely significant beginning with the letter (A)
or (a), decreasing with the final one. The least significant difference (LSD) test was used to assess the
significant differences between the tested mean. Similar letters indicate that the tested means are not
significantly different from one another. Values of p>0.05 were considered statistically unimportant while
p<0.05 and <0.01,0.001 were considered extremely significant differences, significant differences
respectively. The statistical analysis was carried out by SPSS (v 20).

7. Results

Measurement was taken for bone density around the implant in the Hounsfield unit for (HU) each implant
between tested and controlled by On-Demand software immediately after implant placement, one month
and 3" month.

7.1 Bone density for the 650 nm group

The best result affected bone density around the implant in one day with a maximum mean value was
2112.96 HU. Following this, after one month of exposure to laser light at a wavelength of 650 nm, a power
of 50 (mW) was found to have the best effect on bone density. This was supported by a maximum mean
value of 1982.46 HU. When assessing the impact of laser wavelength on bone density over three months,
the analysis indicated that a power level of 50 mW had the most significant effect on bone density around
the implant area. This was evident through a mean value of 2134.52 HU. These findings are presented
comprehensively in Table 1 and visualized through Figure 4, providing a clear representation of the
influence of power levels and laser wavelength on bone density around implants.

Power of 650 nm light/0.001

2134.52

+ TIME 90 DY/50

2112.96 i
§2049.67 I TIME 90 DY/25
‘ 2010.83 )
1982.46 23 TIME 30 DY/50
| 1940.83 -
1909.28 29 TIME 30 DY/100
1866.36 =
1768.41 Bl TIME 30 DY/150
1768.11 ]
1650.31 B TIME 1DY/150
\ 1643.32 i
1609.48 TIME 1DY/100
‘ 1486.59 3
I 1297.18 ol TIME 1DY/25
2500.00 2000.00 1500.00 1000.00  500.00 0.00
Mean value

Fig. 4. Comparison of power levels and their effects on bone density were analyzed across various
study periods, focusing specifically on bone density around implants within Group 1.
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Table 1: Comparison powers on bone density between the different studied periods according to bone density
around implants of group 1.

Powers of 650 nm in

Bone density around

implant in HU with 650

Bone density around

implant in HU with

watt M control P VALUE
25 mean SD Mean SD
. C
Time 1day/25 129718 376.10 1856.73 1188.94 0.001
. B
Time 30 day/25 1866.36 826.58 1886.39 1247.12 NS
. A
Time 90 day/25 2049.67 823.69 2015.71 1254.99 NS
P value 0.001 NS
50 mean SD Mean SD P VALUE
. A B
Time 1day/50 2112.96 1311.34 1860.20 1259.48 0.001
. B C
Time 30 day/50 1982 46 1060.26 1638.83 956.65 0.001
. A A
Time 90 day/50 9134 52 1193.16 2007.37 1777.57 0.05
P value 0.001 0.001
75 mean SD Mean SD P VALUE
. C A
Time 1day/75 1486.59 1106.23 1909.28 1349.39 0.001
. A C
Time 30 day/75 1768.11 918.38 1599.37 592.58 0.001
. B B
Time 90 day/75 1643.32 694.22 1719.56 586.41 0.05
P value 0.001 0.001
100 mean SD Mean SD P VALUE
. C
Time 1dy/100 1609.48 1451.46 1645.35 1400.74 NS
. B
Time 30 day/100 1909.28 1349.39 1552.75 1277.01 0.001
. A
Time 90 day/100 2010.83 1247.75 1683.27 1277.11 0.001
P value 0.001 NS
150 mean SD Mean SD P VALUE
. C
Time 1day/150 1650.31 990.09 1683.49 961.60 -
. B
Time 30 day/150 1768.41 917.95 1751.48 875.43 -
. A
Time 90 day/150 1940.83 934.06 1737.33 746.72 -
P value 0.001 NS

Time: Time of measurement/ Day of implant placement.

*P value: calculated between the three times of measurement/LSD test was used to calculate the significant
differences between tested mean, the letters (A, B, and C) represented the levels of significant, highly significant
start from the letter (A) and decreasing with the last one. Similar letters mean there are no significant differences

between the tested mean. p <0.05 were considered significantly different.
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7.2 Bone density for the 976 nm group

In one day, the maximum recorded power mean value is 2112.96 Hounsfield Units (HU) was achieved at a
power of 1 watt. After one month, the most favorable power level for enhancing bone density in patients
exposed to laser light at a wavelength of 976 nm was 4 watts. At this power level, the average mean value
reached 2456.47 HU. The subsequent effective power level was 1 watt, resulting in an average bone density
of 2346.23 HU. After three months, the impact of laser wavelength on bone density was examined. The
most notable improvement in bone density around the implant site, with a maximum average of 2941.10
HU, was observed at a power level of 4 watts. Following closely was a power level of 1.5 watts, yielding
an average bone density of 2636.50 HU. These findings are detailed in Table 2 and illustrated in Fig. 5.

976nm Power/P value 0.001

2941.10 —_—
10 W — TIME 90 DY/4
2636.50 S TIME 90 DY/1.5
2569.34 )
2489.20 = TIME 90 DY/0.5
2456.47 1
2346.23 3| TIME 30 DY/1
2335.19 a
2294.05 91 TIME 30 DY/2
2215.80 D)
2112.96 % TIME 1DY/1
727.24
1162977.231 af TIME 10Y/4
s 60871 S TIME 10Y/0.5

3000.00 2500.00 2000.00 1500.00 1000.00 500.00  0.00

MEAN VALUE

Fig. 5. Comparison powers on bone density between the different studied periods
according to bone density around implants of group 2.

8. Discussion

Extrinsic bone healing stimuli, including those associated with the use of PBM, have been shown to
improve implant osseointegration and have a positive impact on the healing and attachment of titanium
implants (Blay et al,2016). Authors believe that the administered dose, or the proper energy density and
power, determines the metabolic changes carried about by PBM that stimulate tissue regeneration as well
as the proliferation and viability of reparatory cells (Fahimipour et al,2013). There is a lot of discussion
around the research studies that have looked at how PBM alters the process of bone regeneration, which
suggests that further studies are necessary to determine how PBM affects bone tissue (Favaro-Pipi et
al,2010). Our study aimed to determine the impact of the photo modulation on implant-bone density
following peri-implant soft tissue irradiation with a 650 nm and 976nm diode laser accounted for
significantly greater bone density after 3rd month in contrast to nonirradiated subjects. The main finding of
the study was the best power of 4Win laser 976nm bone density around the implant after one month and
3rd month Because, in the infrared region, the absorption rate is small, so in order to obtain the best result,
we increase power while in BDI the best power effect for the similar period the effect of 50 mW due to the
absorption rate is higher in the visible region, so we did not need a higher power until we get bone density.
The results of our study were in good agreement with (Matys et al,2019) found improved bone density, in
the red to the near-infrared spectrum (600-1500nm), Thus, the energy can be absorbed by the soft tissue
and bone.
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Table 2: Comparison powers on bone density between the different studied periods according to bone density
around implants of group 2

Bone density around

976 nm powers in implant in HU with 976

Bone density around

watt nm implant in HU control P value
0.5 mean SD Mean SD
. C C
Time 1day/0.5 608.71 597.70 1083.26 160.71 0.001
. B B
Time 30 day/0.5 9915.80 402.05 1873.44 827.97 0.001
. A A
Time 90 day/0.5 2489.20 472.09 1936.09 806.62 0.001
P value 0.001 0.001
1 mean SD Mean SD P value
. C C
Time 1day/1 9112.96 1311.34 1723.70 1452.52 0.001
. B B
Time 30 day/1 9346.23 691.10 2059.83 1552.04 0.001
. A A
Time 90 day/1 2675.76 812.27 213784 1521.12 0.001
P value 0.001 0.001
1.5 mean SD Mean SD P value
. C C
Time 1day/1.5 1727 24 1102.44 1768.11 918.38 NS
. B B
Time 30 day/1.5 9335.19 507.12 1999.37 1158.26 0.001
. A A
Time 90 day/1.5 2636.50 372.65 2156.87 1225.07 0.001
P value 0.001 0.001
2 mean SD Mean SD P value
. C C
Time 1day/2 1560.82 528.99 1965.48 1462.40 0.05
. B B
Time 30 day/2 999405 192.71 206151 1553.90 0.001
. A A
Time 90 day/2 9569.34 248.99 2138.68 1511.16 0.001
P value 0.001 0.001
4 mean SD Mean SD P value
. C C
Time 1day/4 1697 31 1158.91 2007.00 1119.29 0.001
. B B
Time 30 day/4 2456.47 633.45 2138.37 1043.29 0.001
. A A
Time 90 day/4 294110 673.94 2960.88 1061.60 0.001
P value 0.001 0.001
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PBM also encourages nondifferentiated mesenchymal cells to differentiate into osteoblasts, which turn into
osteocytes more quickly, and acts as an inducer factor that enhances vascularization has an anti-
inflammatory impact, and enhances collagen synthesis, thus enhancing the bone healing process (Lopes et
al,2005).The results from (Lopes et al,2005) support this study. Who concluded that PBM encourages
improved bone regeneration around dental implants. On the other side, numerous studies have shown that
PBM has no benefits and may even have negative consequences on osseointegration, (Pereira et al). This
controversy may be attributed to many factors such as selected wavelength, high dose or very low dose,
irradiation time, spot size, improper diagnosis, and the number of session treatments (Herranz-Aparicio J
et al 2013). To overcome this problem a proper adjustment to power density is needed Within a specific
relationship between dose and output power, PBM energy was discovered to have a favorable effect on
bone regeneration.

9. Conclusion

Despite the limitations of this study, it can be concluded that photobiomodulation can significantly enhance
bone healing around dental implants.
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Abstract: Random laser gain media is synthesized with different types of dye at the same concentration (1x10- M)
as an active material and silicon dioxide NPs (silica SiO) as scatter centers through the Sol-Gel technique. The
prepared samples are tested with UV-Vis spectroscopy, Fluorescence Spectroscopy, Field Emission Scanning
Electron Microscopy (FESEM), and Energy Dispersive X-ray Diffraction (EDX). The end result demonstrates that
doped dyes with silica nanoparticles at a concentration of 0.0016 mol/ml have lower absorbance and higher
fluorescence spectra than pure dyes. FESEM scans revealed that the morphology of nanocrystalline silica is clusters
of nano-sized spherical particles in the range (25-67) nm. It is concluded that the various dyes with SiOas a scattering
center can be proposed to build laser media.

Keywords: Random lasers, sol-gel, silica (SiO), dyes, nanoparticles.

1. Introduction

Since the introduction of the first laser in 1960, the manufacturing of high-efficiency laser systems has been
one of the most fundamental difficulties in laser physics [1-2]. Lawandy et al. demonstrated in the early
1990s a stimulated emission from laser dye containing microparticles, hence the phrase "random laser" [3],
which led to several theoretical [4-5] and experimental [6—7] studies on the amplification of light in
diffusive media.

The mechanisms of random lasers (RLs) are based on multiple light scattering . In random lasers, as
opposed to two highly reflecting mirrors in conventional lasers, the resonant cavity is constructed by
repeated multiple scattering. In an active medium with a disordered distribution of scattering particles or
domains, fluorescence photons may be multi-scattered thousands of times in random directions before
leaving the medium. When scattering photons propagate via a narrow circuit, recurrent multiple scattering
may either produce incoherent or coherent feedback [8]. RL has several advantages such as small size, low
cost, flexible shape, and many others; It has several applications in integrated optics [9], temperature
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sensing [10], document encoding, material labeling, high-density optical data storage [11], tumor
diagnostics [12-13], liquid crystal display [14], and liquid flow monitoring [15]. Many random laser
mediums have been widely demonstrated, including ZnO powders [16-17], Rare-earth ion-doped
crystalline powders [18-19], conjugated polymers [20-21], dye-doped liquid crystals [22-23], dye-doped
polymer filmsenhanced by silver or gold nanoparticles [24- 25], a few biological issues doped with laser
dye [26-27], and organic dye solutions doped with dielectric scatters [3-28].

Laser dyes are one of the organic luminescent materials with high molecular weight that can be used as
an active medium because they are composed of carbon atom chains connected alternately by a single and
double band called chromfore [29], while many tiny particles such as TiO; particles, zinc oxide (ZnQO) [30],
silica (SiO2), tungsten oxide (WO3), alumina (Al>Os) [31], and others can be used as scatter.

The goal of this work is to create random laser gain media by doping silica nanoparticles (SiO2) with
different types of dye (Rhodamine B, Rhodamine 101, Crystal Violet, and Fluorescein) at the same
concentrations (1x10° M) in the Sol-Gel method and studying its characterization features.

2. Experimental work

The fabrication of random laser gain media through the sol-gel technique includes mixing 3 ml of ethanol
as a solvent (purity 99.9%), 3 ml of tetraethylorthosilicate (Glentham Life Sciences Ltd., 99% purity) as a
precursor material, 3 ml of deionized water (pH = 1 by adding 0.15 ml of HCI as a catalyst), and 0.6 ml
(0.0001g dissolved in ethanol) from Rhodamine 610 and Rhodamine 640 dyes (supplied by Lambda
Physik), Crystal Violet dye (supplied by Avonchem Limited) and Fluorescein dye (supplied by Sinopharm
Chemical Reagent) to make all the prepared samples at a concentration of (1x102 M).

The mixtures are stirred for 15 minutes at 100°C on the magnetic stirrer, and then the samples are aged
and dried at room temperature for around 4 days in closed glass vials to produce four disk samples of
random laser gain media. Energy Dispersive X-ray Diffraction (EDX) with XFlash 6L.10, Field Emission
Scanning Electron Microscopy (FE-SEM) with Inspect TM F50, UV-Visible spectrometry with a Shimadzu
UV-VIS 1800 spectrophotometer, and F96 Shanghai Leng Guang Fluorescence Spectrophotometer were
used to analyze the structural and optical characteristics of random laser gain media in the Sol-Gel
technique.

3. Results and discussion

3.1 Morphological properties

As shown in Fig.1, SEM images indicate clusters of spherical, bright spots (circles and inset picture) that
correspond to silicon oxide (SiO;) nanoparticles with a mean particle size of around (25-67) nm for all
prepared samples. By exhibiting peaks corresponding to the energy levels for each element in the test, EDX
was used to confirm the structural purity of the samples.

As shown in Fig.2 , all of the samples contain Si as the highest peak in the spectrum, indicating that it
is the most concentrated element; the presence of an O peak also confirms the stoichiometry of the silica
NPs compound. The other peaks reflect the constituent elements of the dyes in the samples.

3.2 Optical properties

Using UV-Vis spectroscopy, the optical characteristics of the samples were determined. Fig.3 displays the
absorption spectra of pure and doped dyes (Rh 101, Rh B, C.V., Fluorescein) with silica at the same
concentration (1x10- M), where the absorption spectra moved to a longer wavelength in the visible region
(red shift) after it was doped with SiO.. This indicates the aggregation of nanoparticles in the dye solution
[32], resulting in a shift in wavelengths. While Fig.4 shows the optical transmission spectra of pure and
silica-doped dyes , the absorbance spectra for all samples exhibit the opposite pattern.
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Fig. 2: EDX results of dyes (a) Rh 101, (b) Rh B, (c) C.V, (d) Fluorescein doped with SiO, NPs.
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Fig. 4: Optical transmittance spectra of pure and doped dyes at the same concentration with SiO, for (a) Rh 101 (b)
Rh B (c) C.V (d) Fluorescein. [This is what the results revealed, and they are presented as is].

Fluorescence spectra were acquired using an F96 Shanghai Leng Guang Fluorescence Spectrophotometer.
Fig. 5 displays the fluorescence spectra of pure and doped dyes (Rh 101, Rh B, C.V., Fluorescein) with silica
at the same concentration (1x10- M), where the fluorescence spectra became higher after it was doped with
SiO, with a concentration of 0.0016 mol/ml since nanoparticles can exhibit unique optical and electronic
properties that are not present in bulk materials, which means that they can absorb light energy and transfer
it to the host material, leading to higher fluorescence
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Fig. 5: Optical fluorescence spectra of pure and doped dyes at the same concentration with SiO for (a) Rh 101 (b)
Rh B (c) C.V (d) Fluorescein.

4. Conclusion

Using the sol-gel process, several dyes with SiO; as a scatter are successfully used to create random laser
gain media. FESEM images show that the SiO- particles generated in the entire sample are in the nano
range (100 nm), EDX demonstrates that Si is the most prevalent element in every sample, UV-Vis spectra
demonstrate that all pure dyes have a higher absorbance than when they are doped, and the Fluorescence
Spectrophotometer demonstrates that the fluorescence spectra became higher after it was doped with SiO»
in all samples. [ The proposed opinion will be applied to future studies].
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Abstract: The use of indirect, all-ceramic restorations has grown in popularity among dentists. Studies have
demonstrated that for indirect ceramic restorations to be effective over time, cement and ceramic must be bonded in a
stable manner. Chemical, mechanical, and laser irradiation are among the methods used to precondition ceramic
surfaces in order to increase bond strength.

The objective of the study: This study was performed to investigate the roughness values and surface topography
of lithium disilicate glass-ceramic treated with conventional methods and different Er,Cr:YSGG, and fractional CO2
laser conditioning parameters.

Material and methods: Sixty samples of lithium disilicate glass-ceramic were divided as follows: 1- (n = 10)
untreated; 2- (n = 10) Hydrofluoric acid etched; 3- (n = 10) conditioned by Er,Cr: YSGG laser at (7 W, 25 Hz, 50/50%
Water/Air, pulse duration 60 us, irradiation time 2 min); 4- (n = 10) conditioned by Er,Cr:YSGG laser at (5 W, 25
Hz, 50/50% Water/Air, pulse duration 60 us, irradiation time 2 min); 5- (n = 10) conditioned by fractional CO; laser
at (power 8 W, pulse duration 10 ms); 6- (n = 10) conditioned by fractional CO, laser at (power 6 W, pulse duration
10 ms). Then evaluated by: Profilometer, and scanning electron microscopy.

Results: The highest roughness values were found in CO; laser power 8 W treated samples, followed by Er,Cr:YSGG
laser power 7W treated samples. The hydrofluoric acid-etched samples showed roughness values comparable to those
of CO; laser-irradiated samples with a power of 6 W. The untreated sample showed the smoothest surface with the
lowest roughness value.

Conclusion: The application of Er,Cr:YSGG, fractional CO; lasers enhances the surface roughness of lithium
disilicate samples positively, showing the promised results of using these parameters in bonding procedures.

Keywords: laser, surface treatment, ceramics.

1. Introduction

In order to restore the enamel, dentin, structural support, protection, and physical integrity, current glass
ceramic fixed dental prostheses take advantage of and benefit from combining the features of crystalline
ceramics with those of glasses. They help to bridge the gap between synthetic and realistic aesthetics while
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performing an essential function in oral rehabilitation. Contrary to restorations made of metal, polymer-
based (Lien et al., 2015). All ceramic restorations have been developed in response to the rising need for
aesthetics in restorative dentistry due to their superior esthetic metal-free properties.

Many modern dental indirect restorations are made of lithium disilicate (LD) glass ceramics. Using the

hot press method, lithium disilicate ceramics have a better potential for restoration thanks to their
translucent and aesthetically pleasing properties than zirconia.
In comparison to leucite-reinforced glass ceramics, the flexural strength of lithium silicate ceramics is
significantly higher with better mechanical strength, including fracture toughness, chemical endurance, and
abrasion resistance (Alkhudhairy et al., 2020). These properties are provided to ceramics by the crystals in
lithium disilicate. However, ceramics' poor physical and bonding qualities continue to be an issue. With
such widespread application, it is crucial that dental ceramic and resin composites bond securely and
reliably; both micromechanical attachment and chemical bonding via a silane coupling agent are common
ways of forming this connection. In order for indirect ceramic-bonded restoration or direct ceramic repair
to last and look good in the mouth, etching the ceramic surface properly is a must. The surface energy of
ceramics and their bonding potential to resin are both altered by acid etching, which also enhances their
wettability (Colares et al., 2013).

There are different surface treatment techniques for ceramic's internal surface to create micro-porosities
for increasing the surface area and improving the bonding between the restoration and the dental structure.
Lithium disilicate ceramics can undergo a number of different surface treatment processes, including
hydrofluoric acid etching, sandblasting, and laser irradiation. Etching using hydrofluoric acid is the gold
standard for preparing the intaglio surface of glass ceramics.

Ceramic crystalline structures exposed after being etched using hydrofluoric acid, by dissolving and
removing the glassy matrix, hydrofluoric acid etchant reveals the elongated crystals of lithium disilicate
ceramic, which in turn generate irregularities, peaks, and valleys on the surface. The nature of the ceramic
can be changed if the acid etch concentration and/or etching time are increased above what is recommended
by the manufacturer. In addition, inappropriate use of the hydrofluoric acid etchant can cause surface micro-
defects, grooves, and fissures in lithium disilicate ceramic. Therefore, Lithium disilicate ceramics can be
weakened by hydrofluoric acid if the acid is not used correctly per the manufacturer's guidelines (Tarek,
2021).

The capacity of the Er,Cr:YSGG laser to ablate hard dental tissues, as well as its application in different
soft tissue treatments, has recently won over trust. The erbium family of lasers has minimal thermal impacts
on adjacent tissues because they are well absorbed by hard tissues and water. In addition, it’s a conservative,
painless, and noninvasive technique employed for dental work. The use of the Er,Cr:YSGG laser for tooth
structure conditioning has also been proven to have antibacterial effects. However, the results of laser
treatments might vary depending on a number of factors, such as the length of time spent under the beam,
the intensity of the beam, the distance between the surface and the laser, and the type of bonding system
used (Vohra et al., 2019).

Micro and macro-irregularities are produced by the Er,Cr:YSGG laser because they rely on the principle
of microexplosion during tissue ablation. Additionally, ceramic surface conditioning has been achieved
with an Er,Cr:YSGG laser [short pulse duration (60 us)] that results in surface roughness analogous to acid
etching. Because HF acid is toxic to patients and cannot be administered intraorally for ceramics, the use
of the Er,Cr:YSGG laser is advocated as a more bioacceptable, safe, and straightforward approach to surface
modification (Muhammed and Jawad, 2021).

The carbon dioxide laser (CO,) is frequently utilized intraorally, particularly for soft tissue and hard
tissue applications. Because ceramic absorbs nearly the entire wavelength of CO2 laser light, the CO, laser
is ideally suited for the surface treatment of ceramic materials. CO- laser ablation may be an efficient
method for conditioning surfaces, thereby improving micromechanical retention and bond strength. The
heat initiation of ceramic surfaces by focusing a CO2 laser causes conchoidal fissures, which are the result
of surface warming. It is believed that these fractures contribute to the mechanical retention between resin
composite and ceramic restorations (Ergun Kunt and Duran, 2018).
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The evidence for the role of lasers in the surface conditioning of LD is not yet fully clear. In addition,
there is no agreed-upon, standardized procedure for optimizing the laser's power, treatment time, or
frequency when it comes to ceramic conditioning. Further, lasers work by surface ablation. (Faris and Al-
janabi, 2023). Aiming that the use of Er,Cr:YSGG, and fractional CO; laser for surface conditioning of LD
ceramics with its modified power, frequency, time, and water/air ratio may show superior or similar results
on the surface treatment to the typical usage of HF acid.

2. Material and Method

Sixty IPS E.max 4 mm in diameter and 4 mm in height (4x4x4 mm) cylindrical lithium disilicate glass-
ceramic specimens (Ivoclar Vivadent, Schaan, Liechtenstein) were heat-pressed per the manufacturer's
instructions. There were no glazing procedures performed on sample surfaces. Underwater chilling, the
samples’ surfaces were smoothed and polished with silicon carbide paper of 1200 grit by a polishing
machine (Laryee Technology Co., Beijing, China). The sample was then placed in an ultrasonic device for
10 minutes to eliminate any impurities or detritus prior to surface conditioning and air drying. At this point,
samples were assigned randomly to six groups, each group (n = 10), as follows:

Group 1: In this group (the control group), no surface treatment was applied.

Group 2: The samples’ surfaces were etched for 90 seconds with 95% (Pisco Porcelain Etchant, USA) and
cleansed with distilled water for 10 seconds to remove any remaining acid, the samples were then air-dried
by dental triple syringe.

Group 3: The ceramic surfaces were treated with Er:Cr.YSGG laser irradiation (Millennium, Biolase
Technology Inc., San Clemente, CA, USA) using the following laser parameters under air and water spray:
Configuration: power = 7 W, wavelength = 2.78 um, 25 Hz W/A 50/50%, pulse duration 60 us, irradiation
time (2 min) in sweeping motion. The laser conducting tip was positioned perpendicular to the sample
surfaces at a one-millimeter distance fixed by a computer numerical control machine (CNC), using a gold
handpiece, 6 MZ um laser tip. The samples were then placed in an ultrasonic device for 5 minutes and air-
dried.

Group 4: The ceramic surfaces were treated with Er:Cr.YSGG laser irradiation (Millennium, Biolase
Technology Inc., San Clement, CA, USA) under air and water discharge with the following laser
parameters: power setting = 5 W, wavelength = 2.78 um, 25 Hz W/A 50/50%, pulse duration 60 us,
irradiation time (2 min) in sweeping motion. The laser conducting tip was positioned perpendicular to the
sample surfaces at a one-millimeter distance fixed by a computer numerical control machine (CNC), using
a gold handpiece, 6 MZ um laser tip. The samples were then placed in an ultrasonic device for 5 minutes
and air-dried.

Group 5: The ceramic surfaces were treated with a fractional CO; laser system (CO- Fractional Laser,
Brochure, JHC1180, China) using the following laser parameters: power = 8 W, wavelength = 10.6 um,
pulse duration 10ms, interval 2ms, distance 0.2 mm, two scanning, irradiation area corresponds to the face
of the ceramic cylinder with a diameter of 4 mm.

A custom-made Teflon mold was used to hold the ceramic samples and for fixation the articulating arm of
the laser device during the scanning process.

Group 6: The ceramic surfaces were treated with a fractional CO, laser system (CO- Fractional Laser,
Brochure, JHC1180, China) using the following laser parameters: power = 6 W, wavelength= 10.6 um,
pulse duration 10ms, interval 2ms, distance 0.2 mm, two scannings, irradiation area corresponds to the face
of the ceramic cylinder with a diameter of 4 mm.
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A custom made teflon mold was used to hold the ceramic samples and for fixation the articulating arm of
the laser device during the scanning process.

3. Procedure

A profilometer (surface roughness device) (SRT-6210, China) measured the surface roughness of each
specimen before and after the conditioning procedure. For each sample, three readings were obtained, and
the average value was calculated and considered. Surface topography evaluation by scanning electron
microscopy (SEM) was performed on representative samples from each study group.

4. Statistical analysis

Data analysis and description were performed using Statistical Package for Social Science (SPSS version
26). The values of roughness were statistically evaluated using a one-way ANOVA test, and these values
were shown to have a normal distribution by the Shapiro-Wilk test. The P-value was equal to 0.05, regarded
as significant.

5. Results

The data on surface roughness for the six study groups that had been collected showed higher statistical
significance than the control group. The mean of groups 2, 3, and 6 was (1.220 + 0.149, 1.233 + 0.137,
1.131 £ 0.159) respectively with P < 0.001, showing comparable results. The highest mean of surface
roughness was found in group 5 (CO2, power 8 W group), and the control group (untreated) had the lowest
one as shown in Fig.1. Table (1,2) specifies the results in detail. Figure 2 shows the difference in the
scanning electron microscopy (SEM) images of the surface topography between the control group,
hydrofluoric acid etched group, and laser irradiated samples.
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Fig.1: Mean and standard deviation for the surface roughness of the study groups.
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Table 1. Descriptive statistics of the roughness values of the study groups.

Standard
Study groups Mean (um) deviation Std. error P-value

Group 1 (NC) 0.485 0.093 0.0625 <0.001 HS

Group 2 (HF) 1.220 0.149

Group 3 (ER7) 1.233 0.137

Group 4 (ER5) 0.963 0.132

Group 5 (CO8) 1.538 0.155

Group 6 (CO6) 1.131 0.159

* HS = Highly significant.

Table 2. Descriptive statistics of the roughness values of the study intergroups.
Studv arouns Mean difference Standard deviation P_value
y group (um) respectively

CN-HF 0.735 0.093-0.149 0.000 HS
CN-ER7 0.748 0.093 - 0.137 0.000 HS
CN-ER5 0.477 0.093 - 0.575 0.000 HS
CN-CO8 1.053 0.093 - 0.155 0.000 HS
CN-CO6 0.645 0.093 - 0.159 0.000 HS
HF-ER7 0.013 0.149 - 0.137 0.835 NS
HF-ER5 0.257 0.149 - 0.575 0.000 HS
HF-CO8 0.318 0.149 - 0.155 0.000 HS
HF-CO6 0.089 0.149 - 0.159 0.157 NS
ER7-ER5 0.270 0.137 - 0.575 0.000 HS
ER7-CO8 0.305 0.137 - 0.155 0.000 HS
ER7-CO6 0.102 0.137 - 0.159 0.106 NS
ER5-CO8 0.575 0.132-0.155 0.000 HS
ER5-CO6 0.168 0.132-0.159 0.018
C08-CO6 0.407 0.155 - 0.159 0.000 HS

e CN=Group 1, HF = Group 2, ER7 = Group 3, ER5 = Group 4, CO8 = Group 5, CO6 = Group 6, HS = Highly

significant, S = Significant, NS = Not significant.
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4 30.00kV 600 x

Fig.2: Scanning electron microscopy (SEM) images of the lithium disilicate cylinders at 600X: (A) SEM of untreated
sample; (B) SEM of acid etched sample); (c) SEM of laser irradiated (Er,Cr:YSGG) sample, power 7 w; (D) SEM of
laser irradiated (Er,Cr:YSGG) sample, power 5 w; (E) SEM of laser irradiated (CO,) sample power 8 w; (F) SEM of
laser irradiated (CO_) sample power 6 w.

6. Discussion

The assumption was that using laser (Er,Cr:YSGG, fractional CO>) to condition the surface of lithium
disilicate would be superior or equal to using HF.

For optimal adhesion and bonding of ceramics for restorative purposes, inert surfaces must be prepared.
There are many ways to accomplish this, including grinding, abrasion with rotary tools (diamond), and
abrasion with airborne particles (Al.Os), Which provide acceptable bonding despite possible negative
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effects that cause irreversible changes in the ceramic's surface. Acid etching includes orthophosphoric and
hydrofluoric acid, although its usage is constrained by negative effects such as dissolving ceramic's glaze
layer, it attacks the glassy phase of ceramics, dissolving the surface to a depth of a few micrometers and as
aresult, LD crystal protrudes from the glassy matrix (Mohammed and Ali, 2020). It’s difficult to apply in
the mouth cavity and it has the potential for tissue damage. In addition to these methods, laser irradiation
is also used, as are combinations of two or more of these roughening methods (Mirhashemi et al., 2017).

The resulting altered topography increased the surface area for micromechanical bonding. Laser
systems have been the subject of substantial research and development due to their ease of use, safety, and
increased efficiency. It was shown that the etching precision of Er,Cr:YSGG laser can be affected by the
distance of the laser's head from the irradiated surface. To achieve the best results, the optimal distances
were determined to be 1 mm for Er,Cr:YSGG (Alhassani and Jawad, 2018). This recommendation was
taken into account in this investigation. An earlier study found that using the Er,Cr:YSGG laser at 0.5 W,
10 Hz, pulse duration 230 us (22.83 £ 5.07,P < 0.01) was less effective than using hydrofluoric acid (28.15
+ 4.72 MPa, P < 0.01) (Al Rifaiy, 2018). It's interesting to note that extended laser application increases
surface roughness, yet the laser generates excessive heat, weakening and overly destroying the surface.
Therefore, longer-term laser-treated ceramics showed stronger bond strengths, although somewhat lower
than HF (Alkhudhairy et al., 2020). Additionally, there was no discernible difference between the use of
the 1.5 W, 10 Hz (27 £ 0.9, P < 0.001) and 2.5 W, Hz, time 60 s (21 + 0.85, P < 0.001) on the ceramic
materials; both showed noticeably lower mean values than the HF acid-etched treated samples (Mandil et
al., 2020). Therefore, higher power was used in this study.

In this study, an examination of the effect of laser surface irradiation on ceramic samples was done by
SEM and a profilometer. Also, Er,Cr:YSGG irradiated samples with power 5 W,25 Hz have a uniform
smooth surface topography opposite to the acid-etched samples; this disagrees with (Algerban et al., 2021),
who speculated that comparable bond strength treated by Er,Cr:YSGG at 4.5 W, 30 Hz (17.09 £ 1.114, P >
0.05) to HF (17.85 £ 1.25, P>0.05) is due to the formation of micro-depths and abrasion on the LDC surface.

The Er,Cr:YSGG laser-irradiated samples (power 5 W, 25 Hz) resulted in the lowest Ra value
correlating with (Kursoglu et al., 2013), Who hypothesize that the usage of Er:Cr.YSGG laser at 6 W, time
60 s (3.59 + 1.19, P > 0.05) may not be an effective surface treatment technique. Although the use of high
power may affect the ceramic surface negatively, the high power (7 W, 25 Hz) Er,Cr:YSGG laser-irradiated
samples that used this power for 2 min resulted in increasing surface roughness which correlates with higher
bond strength values, correspond with those of (\Vohra, Fahim, et al., 2019) using (7 W, 25 Hz, time 2
min.) with a mean and standard deviation of bond strength (19.95 + 1.014, P <0.001). Repeated applications
with low frequency, high power, and longer duration laser parameters are proposed to be more effective in
enhancing the roughness and the bonding integrity of ceramic specimens since it is known that laser
characteristics can precisely affect the outcome of Er,Cr:YSGG applications. The Er,Cr:YSGG laser ablates
tissues using the principle of micro-explosion, resulting in microscopic and macroscopic irregularities
(Albaker et al., 2020). In addition, it was found that the mean of surface roughness increased with both the
power and duration of the laser treatment. Yet bond strength may decrease at high power due to surface
degradation and weakening. Moreover, inadequate micro-depth generation, severe degradation of the
matrix phase, or the heat-damaged layer may all contribute to affecting the roughness and the bond strength
of laser-prepared ceramic surfaces.

Previous research may have employed inconsistent values for laser power, which may explain the
conflicting findings. In contrast to a study by Kursoglu et al., which compared 6 W to 1.5 and 2.5 W, this
study increased the power from 5 W to 7 W. In addition, the application period in this study was longer
than that of (Kursoglu et al., 2013, Gokce et al., 2007). The fractional CO. laser can increase
micromechanical retention and bond strength by roughening the surface via the process of
thermomechanical ablation. The use of fractional CO; lasers is associated with other benefits, such as the
fact that the emission wavelength of the CO; laser is almost completely absorbed by ceramics, it is ideally
adapted for ceramic surface treatment and scanning the surface by the laser apparatus itself would result in
a more homogeneous etching pattern on the ceramic specimen (Ahrari et al., 2017). More research is needed
to confirm this assumption.
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SEM of the fractional CO; groups' surface-treated specimens reveals substance loss and the concentration
of hollow depressions at power 6 W, as well as the progressive effect of laser material removal proportional
to the parameters and cracks formation at power 8 W. According to SEM analysis, lithium disilicate has a
uniform and no cracks on surfaces when irradiated with a 6 W CO- laser. This agreed with (El Gamal et
al., 2017), who demonstrated that the surface hardness with a CO; laser (continuous mode) power 5 W, 60
swas (6.32 £ 0.09, P <0.0003), Comparing the shear bond strength of irradiated ceramic (16.71 + 4.04, P
= 0.909) to HF acid etched ceramic (16.90 £ 6.42, P = 0.909), revealed no significant differences but
confirmed the concept of hydrofluoric acid etching on the surface treatment. It has been reported that
whenever focused CO- laser beams are used to heat ceramic surfaces, conchoidal tears (typically caused by
surface heating) emerge on the surface. The fissures are believed to provide mechanical retention between
resin cement and the ceramic surface (Alavi et al., 2021, Zarif Najafi et al., 2014). The fractional CO- laser-
treated samples at power 8 W have microcracks formation according to the SEM imaging, this may affect
the strength of the material in spite of the high surface roughness value and corresponding bond strength.
This disagreed with Al Gamal et al., 2017) who reported that 10 W CO- laser beams (continuous mode) did
not affect microhardness (6.34 £ 0.17, P < 0.0003). Although (AlShahrani et al., 2019) claimed that
fractional CO; increased the bond strength of ceramics when bonded to a metallic bracket without damaging
the surface when using 10 W, 200 Hz, time 60 s,pulse duration 1.75 ms (19.98 + 2.94, P < 0.05), this was
not the case in the present study, as SEM imaging revealed the formation of absolute cracks.

Variations in study outcomes can be attributed to variations in laser parameters, resin cement type,
ceramic type, thermocycling procedures, and water storage duration. Blister-like globules and surface
cracks on the surface structure of ceramic in laser-irradiated groups lead to increased roughness and greater
resin penetration, which may contribute to the micromechanical bond strength in laser-irradiated groups
(Hegazy et al., 2016). On ceramic surfaces, the type of laser and the laser's parameters have a significant
impact. Since the most important effect of a laser is to convert radiant energy to heat (the thermo-mechanical
effect), the most important interaction between the material and laser is the absorption of laser energy by
the material's surface (Usumez et al., 2013). To prevent thermal energy from accumulating in surrounding
tissue and thereby collateral harm, tissues should be allowed to cool for approximately three times their
thermal relaxation time. This can be properly managed (Yeragi et al., 2014).

The in vitro approach used in this study presents certain drawbacks. The outcomes depend on the
specific laser used, the parameter, and the ceramic type used in the experiment. The effectiveness of ceramic
restorations can also be affected by factors like surface roughness and ceramic strength (which are affected
by ceramic heat treatment). For this reason, it is suggested that additional research be conducted utilizing
this methodology to examine its effect on the surface roughness and hardness of the ceramic for foreseeable
functional results.

7. Conclusions

The application of an Er,Cr:YSSG laser at a power of 7 W enhanced the surface roughness of lithium
disilicate samples positively, showing the promised results of using these parameters in bonding procedures
of ceramic dental material. The surface treatment by CO; laser at 8 W demonstrated roughness values higher
than hydrofluoric acid etching with obvious crack formation. The CO; laser-irradiated samples at 6 W have
comparable Ra values to the HF group.
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Abstract: This article showcases the development and utilization of a side-polished fiber optic sensor that can
identify altered refractive index levels within a glucose solution through the investigation of the surface Plasmon
resonance (SPR) effect. The aim was to enhance efficiency by means of the placement of a 50 nm-thick layer of gold
at the D-shape fiber sensing area. The detector was fabricated by utilizing a silica optical fiber (SOF), which underwent
a cladding stripping process that resulted in three distinct lengths, followed by a polishing method to remove a portion
of the fiber diameter and produce a cross-sectional D-shape. During experimentation with glucose solution, the side-
polished fiber optic sensor revealed an adept detection sensitivity of 0.2015 au. /RIU. In order to improve sensitivity,
a recent sensor was subjected to a coating process utilizing a thin film layer of gold (Au) measuring a thickness of 50
nm. The sensor was subsequently subjected to a series of tests utilizing the same glucose solutions as in previous
experiments. A notable enhancement in sensitivity was observed when utilizing gold as the sensing material, with an
equivalent maximum sensitivity of 3.101 au. /RIU.

Keywords: D-shaped fiber, fiber sensor, refractive index, gold nano-layer, surface plasmon.

1. Introduction

There has been a growing interest in using optical fiber technology for refractive index (RI) measurements
in recent years because of the significant benefits it offers over traditional sensor technologies. There are
numerous benefits provided by this technology, such as swift reaction time, small dimensions, reliable and
secure operation, adaptability, the ability to be remotely monitored, and adeptness in handling challenging
conditions [1]. The main techniques used to measure RI, an optical phenomenon, are fiber Bragg gratings
[2], fiber ring laser [3], tapered multimode optical fiber [4], single mode-coreless-single mode (SCS) fiber
[5], fiber-based surface Plasmon resonance [6], Most fascinating strategies for detecting surface Plasmon
stimulation are those based on surface plasmon resonance (SPR), which are extremely sensitive to changes
in the refractive index (R1) of their surroundings [7-8]. Significant work has been expended in recent years
to alter a D-shaped fiber optic to use in SPR sensors. Jing Zhao et al. (2016) The researchers examined the
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sensor performance reduction brought on by the degradation of the silver coating while also demonstrating
a surface plasmon resonance refractive sensor based on a single-mode optical fiber that has been side-
polished. The sensor was quick to react with liquids with refractive indices between 1.32 and 1.40 RIU [9].
Zakaria et al. (2017) examined the modeling and fabrication of a D-shaped fiber optic for SPR sensors.
Methods for designing the SPR D-shaped fiber sensor are presented in this study, both computational and
experimental, which include two setup approaches: finite element simulation and experimental methods.
The experimental findings are highly correlated to the modeled results [10]. D-shaped, silver-coated,
graphene-encased sensors were conceptualized and theoretically explored by Arthor A. Melo. et al. (2018).
The proposed sensor achieves its best performance between 1.33 and 1.35 RIU with reduced sensing area
lengths and higher polished thicknesses [10]. In 2019, Li-Ye N. et al. developed & tested a gold
nanoparticle—Au layer—interacting optical fiber sensor in a D shape with a big core. In the area of refractive
index (1.3332-1.3710 RIU), the SPR sensor was enhanced with gold nanoparticles (Au NPS) [12].

In this study, the goal was to enhance efficiency by applying a layer of gold 50 nm thick to the D-shaped
fiber's sensing region. we develop a simple but efficient D-shape multimode fiber sensor for RI detection
in a glucose solution. The samples were initially evaluated, and the findings were recorded using a D-
shaped fiber sensor with a section of stripped fiber cladding as the detecting zone. After that, a 50-nm
coating of gold (Au) was added to the initial sensor to increase its sensitivity. To determine the sensor's
sensitivity throughout the glucose RI range of 1.334 to 1.346 RIU, the effect of the length of the stripped
cladding portion is also examined. The benefits of this type of sensor are its ease of use, low cost, broad
dynamic range, and good sensitivity at Rl values below but near to the fiber core's RI value.

2. Fabrication of D-shaped Fiber Sensor

A schematic configuration of an optical fiber sensor in the D-shape, according to Fig.1(a). Thorlabs', step-
index, and multimode silica optical fibers were used to fabricate a D-shaped fiber sensor with silica core
400 um and fluorinated polymer cladding 25um. In the visible spectrum, silica exhibits a refractive index
of approximately 1.45, while the fluorinated polymer's refractive index is around 1.40. Initially, a collection
of fiber specimens was sliced using a specialized tool to achieve 15 cm segments. In order to get ready for
the polishing process, a small section in the middle of the fiber covering was taken off using an Ls sensing
region (1 cm, 1.5 cm, 2 cm).

Optical fiber 2)0- shape Optical fiber b) SPR D- shape Optical fiber

Gold Au
Core Si

i Clad F

Fig.1: The steps included in the schematic design for the following sensors: a) D-shape fiber
sensor; and b) SPR D-shaped fiber sensor.
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This section was then fixed onto a slide that had a slot using epoxy. By repeatedly refining the sensor with
6 um grit-sized polishing sheets (specifically Thorlabs sheets), the entire detection area of the sensor was
manually polished along its entire length [15]. After each polishing stage, the sensing zone's surface was
examined with a Novel NMM-800 optical microscope to estimate its average thickness. The SPR D-shaped
fiber sensor has been achieved by coating Au-film on a polished fiber surface with a Quorum Tech
Q150RES magnetron sputtering system. The plan is to utilize the sputter coating setup to cover thin layers
of gold measuring 50 nm as shown in Fig.1(b) [16].

The refractive index of a liquid can be measured using a D-shape optical fiber sensor based on the
evanescent field. As shown in Fig.1(a), the basic structure of a D-shape optical fiber sensor consists of a
core, cladding, and sensing medium at the polishing area. The guiding light depends on the total internal
reflection phenomenon at the core-cladding interface and produces an evanescent wave that travels along
the core-cladding interface. In the sensing zone, this ephemeral field decreases at an exponential rate [20].
As a result of these characteristics. To improve the sensitivity of the D-shaped optical fibers sensor a gold
nanofilm is deposited on the core-cladding interface, as shown in Fig.2(b). A D-shaped optical fiber sensor
based on the SPR principle has been developed. When incident light strikes a continuous metal film at just
the right angle, it will be totally reflected back into its source. Surface plasmon resonance (SPR) is excited
when an evanescent wave penetrates a metal, and the location of the SPR's wavelength is dependent on the
refractive index (RI) [21].

a)

Sensing medium

Evanescent wave

Cladding

b)

SP wave
Sensing medium
Evanescent wave

Cladding

Fig.2: The schematic structure of a) D-shape fiber sensor; and b) SPR D-shape fiber sensor

3. Experiment Setup

Figure 3 depicts the test setup for RI detection using a D-shape optical sensor. The source of light for the
experiment was an NKT Photonics ultra-compact white light laser. To select the 650 nm laser light,
Thorlabs multi-mode fiber optic filter/attenuator was used. Thorlabs, a PM100 USB power meter was used
to measure how much energy was being emitted or absorbed by the fiber optic sensor element, and the data
was processed in software. The sensors' refractive index sensing experiments were performed in refractive
index areas (1.334-1.346 RIU) using two sensors to compare and evaluate their sensitivity and linearity and
select the most efficient sensor. The refractive indices of the investigated solutions were determined using
a hand-hold "pocket" refractometer. At constant temperature, Fig.4 depicts the connection between a
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solution's concentration and the refractive indices of its component parts. Refractive index and
concentration are directly proportional, meaning that as material solution concentration increases, so does
refractive index.

Light source

|

Fig. 3: Experimental setup device for IR sensor measurement.

glucose sample y = 0.1505x+1.3328
R*= 0.9984

1.338 + Refractive index

efractive i

R
et
s
]
on

0% 2% 4% 6% 8% 10%
Concentration

Fig. 4: The concentration of a glucose solution affects the solution’s refractive index.

4. Results and Discussion
4.1 Optical Microscope Image and Energy Dispersive Spectroscopy spectra

Figure 5 depicts the photo image and optical microscopy representations of a D-shape fiber sensor both
prior to subsequent to its coating with Au, with a magnification of 5X. The SPR D-shaped fiber sensor was
analyzed using energy dispersive X-ray spectroscopy (Axia Chemi) SEM. This innovative method
combines the use of data from scanning electron microscopy (SEM) as shown in Fig.6, and energy-
dispersive X-ray spectroscopy (EDS). Figure 7 depicts the EDS spectra, which exhibit the existence of a
multitude of elements in the specimen, namely fluorine F, silicon Si, gold Au, oxygen O, and carbon C,
along with their individual atomic number and mass, as illustrated in Table 1.
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Before

(b)

Fig.5: a) The photo image and b) Optical microscopy images, before
and after Au coating, of a D-shaped fiber sensor.

11/25/2021 HV mag O WD e
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Fig.6: D-shaped SPR fiber sensor SEM image.
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Table 1: EDS data for SPR D-shape fiber sensor elements.

Element Atomic % Weight %
C 62.7 53.8
0] 23.6 27.0
F 13.7 18.6
Au 0.0 0.6
Totals 100.0 100.0

Fig.7: Sensor EDS spectra for SPR D-shaped fibers.

4.2 A D-shape fiber sensor's performance

Figure 8 plots the normalized intensity against the glucose solution's refractive index for all the D-shape
fiber sensors that were examined as the sensors interact with the surrounding medium outside the fiber core,
the normalized intensity rises linearly with increasing RI in the range of (1.334 to 1.346) RIU.
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Fig. 8: Intensity normalized by sensing length for D-shaped fiber sensors.
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The glucose solution will stop the evanesces wave from exiting the fiber because the surrounding medium's
refractive index has increased, which acts as an optical fiber cladding .

4.3 SPR D-shaped fiber sensor performance

Here, a D-shaped fiber covered with Au nanofilm senses the refractive index (RI) of the glucose solution.
A gold nano-film is required for a surface plasmon resonance-based detection technique. This film must be
exposed to both incident and absorbed light for detection to be possible, and detection is defined by the
detected light intensity.

Normalized intensity and corresponding refractive indices for increasing glucose concentration are shown
in Figure 9 for the SPR D-shaped fiber sensor. As the glucose RI rises, so does the sensitivity of the
proposed sensor. The decrease in the refractive index difference between the two media may be responsible
for this influence on the SPR D-shaped fiber structure [13].
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Fig. 9: Intensity normalized by sensing length for SPR D-shaped fiber sensors.

5. Sensitivity analyses and enhancement

The suggested D-shape fiber sensor and SPR D-shape fiber sensor performance have been evaluated in this
study for glucose materials which have a range of 1.334 to 1.346 RIU for their refractive indices.

The sensitivity for each sensor at various sensing lengths is the absolute number obtained by the slope of
the line fitting. By using the following equation to compute the sensitivity S:

Aly

s= | (D

Where Al is the variation in the normalized intensity and An indicates the material's fluctuating refractive
index [14]. Table 2 displays the calculated sensitivity using eq. (1). Figure 10 shows the sensitivity vs.
sensing length relationship for D-shape fiber sensors and SPR D-shape fiber sensors. An SPR D-shape fiber
sensor with a 2 cm detecting length was used to obtain the high sensitivity of 3.1 au. / RIU.

The addition of an Au nanolayer to the D-shaped fiber sensor improves its sensitivity. The results of the
experiments show that the SPR D-shaped fiber sensor has ~ a 15% enhancement in sensitivity compared
with the D-shape fiber sensor.
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Table 2. Sensitivity comparator and enhancement.

D-shape fiber SPR D-shape

Sensing sensor fiber sensor Enhancement
length
S S En
Ls=1cm 0.0849 0.2643 3.11%
Ls=1.5cm 0.1789 0.9981 5.58 %
Ls=2cm 0.2015 3.1 15.39 %

Table 3. Comparison of different fiber sensors for measuring refractive index.

Fiber sensor Method Analyte Sensitivity Ref
Un-cladding fiber LSPR sucrose solution 1.612 au/RIU [17]
hetero-core structure LSPR glycerin solutions 2.93au/RIU [18]
D-shape fiber -- glycerin solutions 2.827 au/RIU [19]
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Fig. 10: The relationship between sensitivity and sensing length for IR fiber sensors.
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The D-type optical fiber structure increases the effective detection area of the sensor by increasing the
polishing depth of the fiber, resulting in improved sensitivity. The gold film on the flat section of the fiber
structure enhances the field intensity of the local electric field, leading to improved sensor performance.

Finally, the results of the present work's SPR D-shaped fiber sensors are compared to those of other
existing fiber sensor architectures in Table 3. Since the D-shape structure simply requires the side polishing
of the multimode fiber, its manufacture is easy to fabricate and low cost from the others.

6. Conclusions

The current research describes the creation and design of a side-polished optical fiber sensor that is both
straightforward and efficient in measuring values for the RI of glucose solutions. The sensor's sensing
region is located within the uncoated section of the optical fiber cladding. The present study also examines
the influence of the length of the exposed cladding section on the sensor's ability to monitor variations in
refractive index at a reasonable range. The sensor underwent development and refinement through the
utilization of surface plasmon resonance (SPR) characteristics. The experimental results of the developed
sensors demonstrate that the SPR D-shape fiber sensor has ~15% enhancement in sensitivity compared
with the D-shape fiber sensor.
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