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Abstract

Background: In dentistry, extraction of the impacted mandibular third molar is a routine treatment. The most
frequent consequences following this procedure are pain, trismus, and edema. To address these issues, systemic drugs
have been employed; however, due to their side effects, non-medication therapies have evolved, such as cryotherapy,
ice packs, low-level laser therapy, and ozone, which treat these consequences without side effects. Low-level laser
therapy induces biostimulation, speeds up tissue regeneration, enhances wound healing, and reduces pain and swelling
through an anti-inflammatory effect. This might be due to the effect of a low-energy laser that increases phagocytic
activity and the number and diameter of lymphatic vessels, decreases the permeability of blood vessels, and restores
microcapillary function.

Aim: Its purpose was to assess the effects of low-level laser therapy on sequelae following impacted third molar
surgery.

Patients and methods: Thirty patients were enrolled in the current study and were randomly divided into two
equal groups. Preoperative clinical examination included measurement of maximum mouth opening and facial
swelling measurements. The position and configuration of the impacted lower third molar, the surrounding bone, the
mandibular canal, and the neighboring tooth were all assessed radiographically using a panoramic radiograph. Low-
level laser therapy was applied extra and intra-orally immediately after surgery. On the second and seventh days after
surgery, the maximum mouth opening and facial swelling dimensions were again assessed in addition to the
measurement of pain by a numerating rating scale. Statistics were used to asses each reading.

Conclusion: A therapeutic option utilizing a low-energy laser following the extraction of impacted mandibular third
molars has clinically beneficial effects on reducing pain, edema, and trismus.

Keywords: Impacted third molar, improved postoperative sequelae, low-level laser therapy, pain, trismus, swelling.

1. Introduction

One of the most frequent surgical operations in oral surgery is the removal of third molar teeth (wisdom
teeth) [Grossi et al., 2007]. Pain, trismus, and edema are the most frequent complications after surgical
removal of impacted lower wisdom teeth [Barone et al., 2010]. Pain reaches maximum intensity between
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three to five hours after local anesthesia has worn off, continues for two to three days, and gradually reduces
until the seventh day [Markovic and Todorovic, 2006; Lago et al., 2007]. Swelling reaches peak intensity
in 12-48 h, resolving between the fifth and seventh day [Ra'ed Mohammed et al., 2013; Ferrante et al.,
2013]. Trismus subsides when pain and edema decrease [Lopez-Ramirez et al., 2012].

Nonsteroidal anti-inflammatory Drugs (NSAIDs) and local or systemic corticosteroids are frequently
advised. However, the majority of these may cause harmful effects, including susceptibility to systemic
bleeding, gastrointestinal problems, and allergic reactions. [Thaer Abdul Lateef et al., 2010, Ferrante et al.,
2013]. These findings support efforts to develop a novel strategy for postoperative pain management that
does not result in adverse effects like the use of surgical closure techniques with or without incorporation
of drains, ice packs, herbals, platelet-rich plasma, platelet-rich fibrin, and cryotherapy have been suggested
[Gelesko et al, 2011, Ali S. Abdul-Kareem, 2019 ]. Ozone therapy and low-level laser therapy (LLLT) have
been introduced as alternatives over the past 20 years.

Light Amplification by Stimulated Emission of Radiation, or LASER, is the abbreviation. The energy
output determines the laser into a "hard" and "soft" laser. While soft lasers are low-level lasers that aid in
tissue healing, hard lasers are high-energy output devices utilized for tissue cutting [Nagammai, 2022].
Studies on the biological effects of LLLT were conducted in 1967, and the development of the laser
treatment paradigm started in 1971 [Hamblin, 2016]; since then, it has been utilized to treat a variety of
disorders, including osteoarthritis, carpal tunnel syndrome, rheumatoid arthritis, and many other
inflammatory conditions. When using a ruby laser to treat malignant cells, it was found that LLLT did not
kill tumor cells; instead, it sped the healing process, which gave rise to the principle of photobiomodulation
[Hamblin, 2016]. However, evidence suggests that the LLLT induces cellular biostimulation, speeds up
tissue regeneration, enhances wound healing, and reduces pain and swelling through an anti-inflammatory
effect. This is because the LLLT increases phagocytic activity and the number and diameter of lymphatic
vessels, decreases the permeability of blood vessels and restores microcapillary function [He WL et al.,
2015; Fabre et al., 2015]. The precise biological mechanism of the analgesic effect produced by the LLLT
is still unknown [Ferrante et al., 2013]. To achieve its analgesic effects, LLLT stimulates the production of
endogenous endorphins, lowers inflammatory cytokines and enzymes, modifies pain threshold, causes
changes in the morphology of neurons, lowers mitochondrial membrane potential, and blocks fast axonal
flow, which blocks neural conduction. [Domah et al., 2021; Ferrante et al., 2013; Oliveira Sierra et al.,
2013]. Notably, LLLT has recently been used in research at wavelengths around 800 nm. In recent studies
on LLLT, it has been shown that diode lasers with wavelengths of 940-980 nm are also effective in
improving wound healing, reducing postoperative inflammation, and accelerating regeneration [Ferrante et
al., 2013; Lobo and Pol, 2015; Kuboyama et al., 2014]. Accordingly, in this regard, the laser will stimulate
the surrounding tissue regionally using a dual-wavelength (810,980nm) diode laser in addition to the areas
primarily affected by the surgery, including the masseter muscle.

2. Hypothesis

HO: LLLT is not-significantly effective in reducing pain, trismus, and swelling after extraction of the
impacted mandibular third molar. H1: LLLT is significantly effective in reducing pain, trismus, and
swelling after extraction of the impacted mandibular third molar.

3. Aim

The current study aimed to examine the efficacy of LLLT using a dual-wavelength (810,980nm) diode laser
on pain, swelling, and trismus that occurred after impacted third molar extraction.

4. Patients and method

This blind placebo-controlled randomized prospective clinical study involved 30 patients, 12 males and 18
females, aged between 18 and 34 years, with impacted mandibular third molars in similar positions (Class
II-III and position B, according to Pell and Gregory's classification). They were randomly assigned to the
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study and control groups using the coin toss method and divided into two equal groups, with 15 patients in
each. The study was conducted between March 2022 and the end of November 2022. Study group: LLLT
was administered right away following extraction of an impacted lower third molar. Control group:
subjected to routine extraction of impacted lower third molar without application of LLLT. Patients who
needed surgical extraction of their mandibular third molars (Class II-III and position B, according to Pell
and Gregory's categorization) and whose condition was assessed clinically and radiologically met the
inclusion criteria. Patients should have good oral hygiene and be free of any acute illnesses, as well as be
between the ages of 18 and 40 years, be willing to comply with the study and be available for follow-up.
Contraindications to laser therapy, systemic illness, local infection, tobacco usage, oral contraceptive use,
pregnancy, and lactation were among the exclusion criteria. All patients signed a written informed consent
after being given information regarding the study's purpose, the specifics of the surgical procedures, any
anticipated complications, and potential adverse effects of the medications being used. Following surgery,
the patients were givenAugmentin® tab. 625mg (amoxicillin 500mg and clavulanate 125mg) and Panadol®
tab. 500mg (acetaminophen) as needed.

5. Operative procedure

Mandibular third molar extractions were performed under local anesthesia, which was obtained by inferior
alveolar, lingual, and long buccal nerve block injection using the (lidocaine hydrochloride 2% local
anesthetic cartridge 1.8ml with adrenaline 1:80,000 (Septodent®, France)). Next, a three-sided
(trapezoidal)mucoperiosteal flap was made, and bone was removed using a round bur in a surgical straight
handpiece (Castellini ®, Germany) with copious saline irrigation to expose the tooth. Tooth delivery was
followed by meticulous irrigation of the surgical site with physiologic saline (0.9%). The flap was
repositioned then wound closure. The length of time required for the tooth extraction using lasers (from the
first incision to the final suture) was recorded.

6. Laser therapy

With an 8mm handpiece, laser therapy was administered using a gallium-aluminum-arsenide (Ga-Al-As)
diode laser device (Quicklase®, UK). This laser has a continuous dual wavelength of 810 and 980 nm. Both
the patient and the operator were shielding their eyes with safety goggles. Patients in the LLLT group
received low-level laser light at six points immediately following surgery: three extraoral at the masseter
muscle, including the origin and insertion, and three intraoral, placed at 0.5 cm from the operation site and
administered on the occlusal, buccal, and lingual sides. In continuous mode, laser energy was delivered to
the study group at a power of 400 mW (0.4 w) for 180s (30 s per point). The biostimulation handpiece was
intraorally placed at the surgery site and touched extra orally to the masseter muscle for a total of 180
seconds in the control group, but the laser was not turned on.

7. Evaluation

Using a numeric rating scale (NRS), by which the intensity of the pain was estimated. Whose high ratings
range from zero (no pain) to ten (the worst pain imaginable). By measuring the maximum distance between
the cutting edges of the right maxillary and right mandibular central incisors, mouth openings were assessed
before and after surgery. The mouth opening was measured three times using the same technique: before
surgery, on the second and seventh postoperative days. Measurements were taken with a digital Vernier
[Ra'ed Mohammed et al., 2013]. Using a measuring tape in centimeters, facial measurements were taken
between the lateral corner of the eye and the angle of the mandible (Line A), the tragus and the outer corner
of the mouth (Line B), and the tragus and soft tissue pogonion (Line C) [LATT et al., 2016]. As a baseline
record, preoperative maximum mouth opening and facial measurements were taken. To calculate the rate
of cheek swelling, the same measurement was repeated in the second and seventh days after surgery.
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Fig.1: Study flow chart illustrating the basic steps of the study.
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The average of the three different values of lines A, B, and C were calculated and reflected the swelling for
that day [RAOUAA et al., 2013, ZHANG et al, 2018 ]. The difference between measurements taken before
surgery and each postoperative measurement done on the second and seventh days was recorded.

8. Statistical analysis

Data description, analysis, and presentation were performed using Statistical Package for Social Science
(SPSS version 21, Chicago In press, Illionis, USA), Minimum, maximum, mean, standard deviation (SD),
and standard error (SE) for quantitative variable while, median, mean rank frequency and percentage for
qualitative variable, Fisher exact chi-square, Shapiro Wilk test of normality, Repeated Measure Analysis
of variance, Wilcoxon Sign rank test and Mann- Whitney U test.

9. Result

Thirty patients with asymptomatic impacted mandibular third teeth were involved in the study. These had
a mean age of 23.6 + 4.75 years, with 12 males and 18 females (range, 18-34 years). Thirty molar
extractions were carried out without complications. The time of surgery counting from the first incision to
the last suture (p>0.05). 13 impacted molars were classified as cl II, and 17 impacted molars as cl III by
Pell and Gregory (p>0.05). 17 mesioangulation, 7 vertical, 4 horizontal, and 2 distoangulation of impacted
molars (p>0.05). All patients experienced primary healing and no abnormal bleeding throughout the
procedures. There was no ecchymosis or hematoma-related alteration in skin color. None of the patients
had any negative effects from the medication and laser therapy that were used.

Table 1. Descriptive and statistical test of Age among groups.

Std. Std. Minimum Maximum P
Groups N Mean L T-test
Deviation Error (year) (year) value
Laser 15 23.867 4.8368 1.257 18.000 34.000 0.230 0.820
Control 15 23.467 4.658 1.203 18.000 32.000

Table 2. Demographic data among groups.

Vars. groups
Laser Control
N % N % test Pvalue
M 5 26.67 7  46.67 2.778 0.427
Gender®
F 10 73.33 8 53.33
o M 8 53.33 5 3333 1.667 0.644
Classification
F 7 46.67 10 66.67
M 9 60.00 8 5333 3572 0979
. vV 3 20.00 4  26.67
Angulation
H 2 13.33 2 13.33
D 1 6.67 1 6.67
R 5 33.33 8 5333 1357 0.716
Side ®
L 10 66.67 7  46.67

A=Fisher exact, b=chi square.

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

) Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



IJL, Issue 1, Vol. 23, 2024

Table 3. Descriptive and statistical test of surgical Duration among groups.

Std. Minimum  Maximum

Groups Mean o Std. Error ] T-test P value
Deviation (minutes) (minutes)

Laser 35.333 8.649 2.233 25.000 55.000 0.207 0.838
Control 35.933 7.176 1.853 27.000 56.000

Recalled patients had their pain, edema, and trismus assessed. According to (Table 4), trismus was
considerably lower in the study group than in the control group during the second postoperative day
(p=0.01). However, on the seventh day, the values were comparable in both groups (p>0.05). In all
evaluations, patients in the study group reported highly significantly less pain as compared to the control
group (Table 5), as shown by NRS scores (p=10.002 and p=0.001 for the second and seventh postoperative
days, respectively). in addition to three patients in the study group who did not require analgesics. For each
group, postoperative edema developed. In comparison to the control group (Table 6), the study group
exhibited highly significantly less postoperative edema on the second day (p=0.029); nevertheless, on the
seventh day, the values were comparable between the two groups (p>0.05).

Table 4. Mean + SD and P values of mouth opening (in mm) for all groups along the different
observation periods.

Groups Baseline 2-day 7th F P value ES

Min. 26.600 22.400 26.500

Max. 52.400 52.200 51.700

Laser 3.843 0.034 0.222
Mean 39.800 36.100 38.973 :
*SD 7.452 8.360 7.371

Min. 26.000 13.100 21.400

Max. 50.600 40.900 43.800

Control Mean | 41040 20400 36200 29834  0.000  0.688
+sp | 6733 8033 6052
F 0229 5010 1268
P value 0.636 0033 0270

Table 5. Descriptive and statistical test of Pain among groups and time.

Groups Median MR' MR?2 Median MR’ MR?2  Wilcoxon P value
2nd 7th sign rank
Laser 2 7 10.60 0 0 10.57 3.275 0.001
Control 4 8 20.40 3 0 20.43 3.471 0.001
Mann-Whitney U 3.091 3.170
P value 0.002 0.001

MR 1=Intragroup, MR2=Intergroup
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10. Discussion

Growing interest has been shown in studying the physiological effects of LLLT and its various clinical uses
in treating orofacial pain and acute and chronic inflammation, either as a single therapy or complementary
therapy [Sigaroodi et al., 2023]. However, the absence of quality publications on the analgesic and anti-
inflammatory effects of LLLT after surgically extracting third molars, along with the controversial results
found, raises concerns about its effectiveness. Due to the wide range of factors, including the type of laser
wavelength, power, pulse rate, time, and application mode, the ideal radiation parameters for this purpose
have not yet been established. [Pergolini et al, 2022]. Some researchers found a substantial correlation
between the length of the operation and trismus, pain, and overall analgesic consumption [Lago-Méndez et
al., 2007]. In our study, we observed no difference in operation time between the control and study groups
(p>0.05). The use of nonsteroidal anti-inflammatory medications (NSAIDs) and local or systemic
corticosteroids may cause a variety of adverse effects. As a result, a novel, comfortable therapeutic approach
without drugs is required.

LLLT was obtained in this study in a single visit, directly after the surgery; studies that used LLLT in
repetitive sessions generally did not find a significant difference between LLLT and placebo for pain
[Ferrante et al., 2013; Amarillas-Escobar et al., 2010; Kazancioglu et al., 2014]. Instead of focusing on the
success obtained through repeated LLLT sessions, it would be more appropriate for the research to
concentrate on achieving the highest level of therapeutic success in a single session. This is because
repeated treatments waste time and require more work from both patients and physicians. This seems to be
more of a trivial disadvantage of frequent LLLT sessions than a benefit. Because of this, researchers ought
to concentrate on single-session applications, the efficacy of which might be statistically confirmed by
conducting research using various laser parameters and various medical combinations. [Anand et al., 2013].

In the current study, LLLT was applied intraorally and extra orally because the intraoral application
allows for maximum penetration and absorption at the surgical site. Some authors only applied LLLT extra
orally [Kazancioglu et al., 2014] or only intraorally [Lopez-Ramrez et al., 2012], while others conducted
clinical trials applying LLLT both extra orally and intraorally [Aras et al.,2010; Sigaroodi et al., 2023;
Carroll et al.,2014; Aoki et al.,2015]. However, extraoral treatment was adopted in addition to intraoral
application because extraoral laser therapy may directly affect the masseter muscle, where the trauma of
surgery might cause a spasm of the masseter muscle, whereas intraoral laser application does not directly
affect that muscle [Aras et al.,2010]. A comparison of the efficiency of intraoral and extraoral laser
administration supports this. They reported that extraoral laser therapy has better effects on improving pain
intensity and trismus after impacted third molar surgery. Even though LLLT is effective in reducing pain,
edema, and trismus following the extraction of impacted third molars, some studies have found a good
effect of laser therapy while others have not [Ferrante et al., 2013]. Because of this, the ideal parameters of
LLLT for biostimulation have not yet been determined [Lopez-Ramirez et al., 2012]. According to studies,
the pain reaches maximum intensity at 3 to 5 hours after surgery, lasts for 2 to 3 days, and then steadily
subsides till day 7. Within 12 to 48 hours after surgery, postoperative swelling reaches its maximal strength
and subsides between the fifth and seventh postoperative days. Trismus subsides when pain and edema
decrease [Lopez-Ramirez et al., 2012].

The current study's findings revealed that all groups experienced the most pain during the first two
days following surgery. There was a significant difference between the days in each group after that, with
the pain score tending to diminish over time until the seventh day. The study's findings also showed that
the study group's pain scores were lower than those of the control group, with the difference being highly
significant on the second and significant on the seventh day. The results of this study are in agreement with
those of [Markovic and Todorovic2006; Aras et al.,2010; MarwahSafaa, 2019; Ferrante et al.,2013;
Kazancioglu et al.,2014; Eshghpour et al.,2016], who observed that LLLT could minimize postoperative
pain following surgical removal of the mandibular third molar. However, LLLT showed no beneficial effect
on pain, according to [Amarillas-Escobar et al., 2010] and Lopez-Ramrez et al., 2012] investigations
findings. The results of this study showed that the difference in mouth opening between the study group
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and the control group was significant on the second postoperative day (p=0.01) and non-significant on the
seventh postoperative day (p>0.05), which was consistent with the findings of [Eroglu & Keskin, 2016;
Aras et al., 2010] who found that LLLT has a positive effect on trismus. On the other hand, researchers
[Momeni et al., 2022; Marwah Safaa et al., 2019; Lopez-Ramrez et al., 2012] reported that LLLT had no
positive impact on trismus.

In the present study, a difference in swelling was highly significant in the study group on the second
postoperative day but not on the seventh. According to [Aras et al., 2010 ; Ferrante et al., 2013 ; Eshghpour
et al., 2016], low-level laser therapy can reduce facial swelling, which is compatible with the findings of
this study. Contrary to the findings of this study, [ Momeni et al., 2022] and [Farhadi et al., 2017] found no
statistically significant difference in swelling between the study and control groups.

11.Conclusion

As a result, LLLT using a dual-wavelength (810,980nm) diode laser with a 0.4W power provides a
therapeutic option with clinically beneficial effects on pain, edema, and trismus, which are likely to arise
after extraction of an impacted molar. Directly following the removal of an impacted molar, physicians
might use a single session of LLLT using a diode laser to enhance healing and anti-inflammatory processes.
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Abstract: This paper suggested a biosensor structure using an offset technique between two similar coreless fiber
(CF) segments spliced between two single-mode fibers (SMF) for refractive index (RI) measurement of the liquid
pharmaceutical, where experimented with different lengths of CF sections for 10 mm, 15mm, 20 mm, and 25 mm with
different offsets for 2.6 pm, 6.4 um, and 18.3 um of symmetric CF sections. This sensor tests different refractive
indices (1, 1.333, 1.337, 1.369, 1.393) of liquid pharmaceuticals The wavelength shifting increases with decreasing
length or displacement of offset. The highest sensitivity was achieved, 255.5 nm/RIU, with the smallest sensor size,
corresponding to the highest refractive index of 1.393 for the Histadin syrup drug, obtained using the optimal length
and offset. This sensor has the capability to detect various refractive indices of chemicals and biochemical liquids.
Advantages of the proposed sensor include high sensitivity, adaptability, enabling faster real-time measurements, ease
of manufacturing and operation, compact size, lightweight design, and low cost.

Keywords: Refractive index sensor, optical fiber biosensor, offset technique, coreless Fiber.

1. Introduction

Optical fiber biosensors (OFBS) are attracting an increasing number of researchers due to their advantages
of high sensitivity and flexibility, enabling quicker and real-time measurements, ease of fabrication and
operation, small size, lightweight, and low cost. This is because OFBS has a wide range of applications in
the healthcare industry, including blood pressure monitoring, blood sugar monitoring, pharmaceutical dose
control, drug identification, food control, and many other applications that require this type of sensor
[1,2].

Optical biosensors are technologies that track changes in light properties like refraction index,
absorption, fluorescence, or light scattering brought on by the interaction that recognizes biological or
chemical reaction processes by producing signals proportional to the concentration of an analytic in the
reaction. Biological materials (such as enzymes, antibodies, antigens, receptors, nucleic acids, cells, and
complete tissues) are analyzed using biosensors to assess the identity of illegal substances and to identify
the formation of new pharmaceuticals [3-5]. Most optic fiber sensor structures achieve the principle work
of Mach-Zehnder Interferometer MZI, which has been implemented using different fabrication techniques
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such as optical fiber tapers [6, 7]. thin core fibers (TCF) [8], long-period grating cascade structures [9, 10]
Photonic crystal fiber (PCF) [11], coreless fiber (CF)[12,13], and offset technique [14-16]. The offset
structure of similar coreless fiber splits the light into two parts: one of them is the fundamental core mode
propagating in the CF represented as core mode, and the other one is the drug sample represented as
cladding modes; the different optical paths of the residual core mode and cladding modes could form an
intermodal MZI [24]. The transmission spectrum of the interferometer is simply expressed as that of a two-
mode interference:

I=1Ieo+ I+ 24/Io I cos@ (D

Where / is the light intensity of the output light, Ico represents the intensities of the core, Ic/ defines as
the cladding mode, and @ = is the phase difference of the two interference modes, which can be expressed
as [25]:

_ 2n(nco— ncl)Lesy

0 - @)

Where nco represents the Rls of the optical fiber core, ncl is the effective cladding, L.z represents the
effective length of the two-mode interference paths, and A is the wavelength in vacuum.

When @ = (2i + 1) m, i is a positive integer, the interference dip appears, and the wavelength dip can be
expressed as:

__ 2n(nco—ncl)Leff
- Qi+

A (3)

From Eq. 3, it can be seen that for the fixed interference path length, the position of the interference dip
depends on the effective RI difference between the core and the cladding mode [26]. When the external
environment RI changes, the effective RI of the cladding mode will change, while the effective RI of the
fiber core mode will not change, which will lead to a change in the position of the wavelength dip [26],
[25]. CF interacts with SMF to efficiently stimulate high-order cladding modes[17]. Meanwhile, CF can be
used as a coupler in the sensor to split light and combine light. [18,19]. This work used the offset technique,
compared to the other techniques, the offset technique has a simpler fabrication process with less
complicated equipment.

In this study, was proposed a new structure has small size of the sensing region makes it easier to work
with less susceptible to breakage, less consumption of coreless optical fiber when fabricating the structure,
less waste of samples to be tested for their refractive index and lower cost compared to offset structure in
previous studies. This structure achieved the highest sensitivity 255.5 nm/RIU, a smaller size due to using
only 20 mm of sensing arm from CF segments. In the previous studies [20] proposed a single-mode fiber
(SMF) sensor based on a core-offset inter-modal interferometer whose refractive index sensitivity was -
64.889 nm/RIU in 2014 Jingli Fan et al [20]. In another study proposed a highly sensitive Mach-Zehnder
interferometric refractive index sensor based on core-offset single-mode fiber the higher refractive index
sensitivity of 78.7nm/RIU in 2015 Yong Zhao et al [21], while the proposed refractive index sensor based
on the lateral offset of coreless silica interferometer achieved a higher refractive index sensitivity was 750
nm/RIU in 2018 Nur Faizzah et al. [22], and finally suggested S and U shape offset studying of the refractive
index sensor based on coreless fiber higher sensitive was achieved in a novel S-shape equal 98.768 nm/RIU
in 2022 Aya R. Mejble et al. [23].

This study showed the benefits of offset with similar sections of coreless fiber the sensitivity increasing
when decreasing the length of coreless fiber sections. That achieved a smaller size of sensor device easy
fabrication, easy to carry, low cost and it can link with accurate devices to be used in other applications.
We used a structure for biosensor applications to detect the identity of liquid pharmaceutical droops and
syrups, which, when increasing the refractive index, increases the wavelength shifting in a red direction.
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2. Sensor Fabrication Process

The optical fiber sensing structure is shown in Figure 1, where d is the offset displacement, and L is the
length of sensing regain. The single mode coreless-coreless single mode (SCCS) sensor structure comprises
two segments of single-mode fiber (SMF) and two segments of coreless fiber CF in between. The four
segments are spliced together. The schematic diagram of the (SCCS) sensor configuration is depicted in
Figure 2 (a) the Left side for SMF input auto-splicing with CF, (b) the Right side for SMF input auto-
splicing with CF, and (c) the offset splicing point of CF.

Fig.1. Schematic of sensing structure: A is the auto-splice point, B is the offset point, and C is
the auto-splice point. ¢ and e are similar sections of coreless fiber (CF). a, b are lead-in and lead-
out of single-mode fibers (SMF).

SMF CF CF SMF
e (&
a b ¢ b

(a)

Mazual fusiea splicing
SMF CF l CF SMF
(<)

Fig.2: (a) Left side for SMF input auto splicing with CF, (b) Right side for SMF input auto splicing with CF and (c)
Offset splicing point of CF.
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The different offsets tested (2.6 um, 6.4 um, 12.1 pm, 18.3 pm), were tested by splicing each one of them with the
different lengths of similar CF (10mm, 15 mm, 20mm, and 25mm). The offset point displacement was measured by
microscope magnification 10X, and the length of CF was measured by a ruler. A microscope images for different
offset distances (d) were shown in Figure 3 (a) d= 2.6 um, (b) d= 6.4 pm, (c¢) d= 12.1 um, and (d) d= 18.3.

(a)

(b)

Fig.3: A microscope images for different offset distances, (a) offset for 2.6 pm, (b)
offset for 6.4 pm, (c) offset for 12.1 pm, (d) offset for 18.3 pm.

BBS Core-offset Structure 0SA
- -
. I v | : _:%;‘
_9 s .a,m l E
[\ —
el
N o s

Fig.4: Sensor setup system.
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The sensor setup system is shown in Figure 4. The structure configuration consisted of two SMFs lead in
/lead out, and with SMFs lead in auto-spliced first section of CF (the coreless fiber is a special type of
multimode fiber with uniform refractive index 1.444) (Thorlabs), a second symmetric section of CF that
spliced with SMFs lead out and was spliced the two sections offset between them shows in figure 2 (a, b
and c). The liquids pharmaceutical samples that were used for testing (Dististuled water, Nazordin droops,
Allermine syrup, and Histadin syrup) have different RI (1.333, 1.335, 1.379, and 1.383) respectively. That
is measured by (the ATAGO Refractometer). The sensor encompasses a broadband source (BBS) Thorlabs
S5FC10055) with a wavelength range of (1400 nm to 1650 nm). To identify the response transmission
spectra of the pharmaceuticals liquid sensor, BBS was joined to the SMF-CF-CF-SMF (SCCS) structure
from the first section of SMF, and the second section of this structure was joined to an optical spectrum
analyzer (OSA YOKOGAWA AQ6370C) display in Figure 4. A fusion splicer (Fujikura FSM-60S) with
manual mode CF-CF offset splicing was used as shown in Figure 5.

—

Loss x xxdB e X

Fig.5: CF-CF offset splicing.

3. Experiment results and dissection

In this work, the effect of length and offset distances on sensor sensitivity was investigated in this study
were tested for each length (10mm, 15mm, 20mm, and 25mm) with different offsets (2.6 um, 6.4 um, 12.1
um, 18.3 pm).

The sensitivity of the SCCS sensor for each offset was measured by wavelength shifting. The RI
biosensor sensing performance was investigated as shown in Figure 6 (a, b, ¢, and d), Figure 7 (a, b, c and
d), Figure 8 (a, b, ¢, and d), and Figure 9 (a, b, ¢ and d) and Tables (1, 2, 3, and 4).

A. Experiment results and dissection for L=10 mm:

The first structure for L=10 mm with offset d=2.6 pum achieved higher sensitivity, which equaled 255.5
nm/RIU with wavelength shifts 23 nm, and the second structure with offset distance d=6.4 um achieved
sensitivity equaled 203.3 nm/RIU with wavelength shifts 18.3 nm while the third structure with offset
distance 12.1 pm was achieved 218.8 nm/RIU with wavelength shifts 19.7 nm but it was unstable, finally
the forth structure for 18.3 um where the absence of dips this indicates that this offset with this length is
not suitable.

Figure 6 displays how transmitted power varies with wavelength shifting for length L= 10 mm with
each offset distance (a) d=2.6 um (b) d= 6.4 um, (c) d=12.1 um, and (d) d=18.3 pm of similar sections of
CF when the RI changes from 1 to 1.393.
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Fig.6: The Wavelength shifting at L=10 and variable d: (a) d=2.6 um (b) d= 6.4 um, (c) d=12.1 um, and (d) d=18.3
pm.

Table 1. displays the wavelength shifts for L=10 mm at each offset distance.

Offset distance (um) 2.6 6.4 12.1 18.3
Sensitivity (nm/RIU) 255.5 203.3 218.8 -
Wavelength shifts (nm) 23 18.29 19.7 -

B. Experiment results and dissection for L=15 mm

The first structure for this length with offset d=2.6 um achieved a sensitivity equaled 222.7nm/RIU with
wavelength shifts 20 nm, and the second structure for offset d=6.4 pm achieved a sensitivity equaled 227.7
nm/RIU with wavelength shifts 20.5 nm. In contrast, the third structure for offset 12.1 um the absence of
dips this indicates that this offset with this length is not suitable. Finally, the fourth structure for offset 18.3
pum achieved 231.1 nm/RIU with wavelength shifts 20.8 nm. Figure 7 displays the wavelength shifts for
length L= 15 mm with each offset distance (a) d=2.6 um (b) d= 6.4 pm, (¢) d=12.1 um, and (d) d=18.3 pm of
similar sections of CF when the RI changes from 1 to 1.393.
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Fig.7: The Wavelength shifting at L=15 for offset distance d: (a) d=2.6 um (b) d= 6.4 um, (c) d=12.1 pum, and (d)
d=18.3 pm.

Table 2. displays the wavelength shifts for L=15 mm at each offset distance.

Offset distance (um) 2.6 6.4 12.1 18.3

Sensitivity (nm/RIU) 222.7 227.7 - 231.1

Wavelength shifts (nm) 20 20.5 - 20.8

C. Experiment results and dissection for L=20 mm

The first structure for this length with offset d=2.6 pm achieved a sensitivity equaled 212.7nm/RIU with
wavelength shifts 19 nm, and the second structure for offset d=6.4 um achieved a sensitivity equaled 214.4
nm/RIU with wavelength shifts 19.3 nm while the third structure for offset 12.1 um the absence of dips this
indicates that this offset with this length is not suitable, finally the forth structure for offset 18.3 um achieved
231.1 nm/RIU with wavelength shifts 20.8 nm. Figure 8 displays the wavelength shifts for length L= 20
mm with each offset distance (a) d=2.6 um (b) d= 6.4 um, (¢) d=12.1 um, and (d) d=18.3 pum of similar
sections of CF when the RI changes from 1 to 1.393.
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Fig. 8. The Wavelength shifting at L=20 for offset distance d: (a) d=2.6 um (b) d= 6.4 um, (¢) d=12.1 um, and (d)
d=18.3 pm.

Table 3. displays the wavelength shifts for L=20 mm at each offset distance.

Offset distance (um) 2.6 6.4 12.1 18.3
Sensitivity (nm/RIU) 212.7 2144 - 227.3
Wavelength shifts (nm) 19 19.3 - 20.4

E. Experiment results and dissection for L=20 mm

The first structure for this length with offset d=2.6 pm achieved a sensitivity equaled 197.3 nm/RIU with
wavelength shifts 17.8 nm, and the second structure for offset d=6.4 um achieved a sensitivity equaled
190.4 nm/RIU with wavelength shifts 17.2 nm while the third structure for offset 12.1 um achieved 220
nm/RIU with wavelength shifts 19.8 nm finally for offset18.3 um the absence of dips this indicates that this
offset with this length is not suitable, finally the forth structure for offset. Figure 9 displays the wavelength
shifts for length L= 25 mm with each offset distance (a) d=2.6 um (b) d= 6.4 um, (¢) d=12.1 um, and (d)
d=18.3 um of similar sections of CF when the RI changes from 1 to 1.393.
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Fig.9: The Wavelength shifting at L=25 for offset distance d: (a) d=2.6 um (b) d= 6.4 um, (c) d=12.1 pum, and (d)
d=18.3 pm.

Table 4. displays the wavelength shifts for L=25 mm at each offset distance.

Offset distance (um) 2.6 6.4 12.1 18.3

Sensitivity (nm/RIU) 197.3 1904 220 -

Wavelength shifts (nm) 17.8 17.2 19.8 -

We observed from this structure that sensitivity varied with length. The sensitivity increases as the length
of the similar CF segments decreases. The wavelength shifts towards the long wavelength (red shift) when
increasing the RI of samples. It is evident from the study of offset distance that the optimal offset at 2.6 pm
with a length of CF-CF 10 mm. The reason for the high sensitivity of this new shape sensor is caused more
evanescent waves could interact where there was more high order mode can be interference at three splicing
areas when the refractive index was increased from 1 to 1.393. It has been proved that the offset and length
of the CF - CF segments important parameters to increase the sensitivity of the sensor device. The refractive
index biosensor synthesizes the merits of single mode coreless- coreless single mode (SMF-CF-CF-SMF)
smart sensitive material with high flexibility in the design of accuracy in identifying and testing the
construction of the drugs.
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Table 5. Comparison between the sensitivities of this work and other RI sensors.

Offset Refractive Sensitivity

Sensor Structure . . Reference
Displacement index range (nm/ RIU)

Core offset FBG-SMF-SMF 8.1 um 1.3232 to 1.3520 13.7592 nm/RI [25]
SMF-peanut shape-SMF- core-off
section-SMF 12 pm 1.333-1.373 -72.4 [26]
core offset SMF -
SMF- SMF with

7.5 um 1.33 to 1.347. 16485 nm/RIU [27]
tapered micrometers
SMF Taper-core-offset
section AFMZI 6 um - 59.2 [28]
S and U-shapes study the effect of
shape offset sensor 12.268 pm 1.33t0 1.38 98.786nm/RIU [39]
SMF-CF-CF-SMF offset effect 2.6 um 1to 1.393 255.5 nm/RIU In this study

4. Conclusions

In this work, a Refractive index biosensor based on the offset technique of coreless fiber was fabricated by

the fusion splicer. The sensing part was composed of a similar section of CF that was spliced by the offset
technique. The wavelength shifts of the sensor with different offset displacements and lengths were
investigated. The experimental results showed that the sensitivity increased as the length of similar CF
decreased, and when the offset displacement was 2.6 um, and the length of a similar section of CF-CF was
10 mm, the RI sensitivity of 255.5 nm/RIU was obtained within the RI range from 1 to 1.393. The sensor
exhibits the advantages of simple structure, high sensitivity, small size, low cost, and easy fabricating.
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Abstract: The utilization of Selective Laser Melting (SLM) in the production of intricate metal items has gained
significant attention in the medical and dental sectors. Products created using SLM must possess surfaces that exhibit
a high degree of smoothness. The objective of this research is to examine the impact of various laser process
parameters, specifically the scan rate and hatch spacing, on the surface roughness of Co-Cr dental alloys fabricated in
three dimensions (3D) by selective laser melting (SLM) technology. The results indicate that a scanning speed of 700
mm/s yields superior surface morphology and microstructure. The parameter investigation conducted in this paper
resulted in the attainment of relative densities as high as 98.9% for the additively built workpieces. The present study
focuses on investigating surface roughness in Co—Cr alloys fabricated using powder metallurgy techniques, namely
selective laser melting.

Keywords: Selective Laser Melting technology, surface roughness, Co-Cr dental alloys.

1. Introduction

Selective Laser Melting (SLM) is a rapid prototyping technique that has been under development since the
late 1980s and is applicable to a wide range of alloys [1-4]. The utilization of Selective Laser Melting
(SLM) technology in the fabrication of metal powders is advised to achieve components with a high level
of density, eliminating the necessity for additional thermo-mechanical procedures [5]. During the process
of selective laser melting (SLM), the alloy's powder particles undergo complete melting with the application
of a laser beam with varying energy or power levels [6]. Subsequently, the metal bath undergoes a transition
from a liquid phase to a solid phase, leading to the development of physical-chemical and mechanical
properties that are influenced by the specific processing technical parameters [7-10]. Selective Laser
Melting (SLM) technology enables the production of metal components with intricate shapes [11-13] due
to the technology's computer-aided design and computer-aided manufacturing (CAD/CAM) capabilities
[14,15]. To facilitate the production of a component using Computer-Aided Design (CAD), it is important
to engage in the creation of a three-dimensional design and subsequently generate a Standard Tessellation
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Language (STL) file for the final part. Conversely, the Computer-Aided Manufacturing (CAM) component
pertains to the physical processing of the part using specialized equipment [16-18]. Under these
circumstances, it is advisable to utilize 3D printing or Rapid Prototyping (RP) technology to produce
various industrial components, particularly metal elements used in medical prosthetics, including dental
prostheses [19-22].

The technological parameters associated with selective laser melting (SLM) processing, namely scan
speed and hatch spacing (H), have a significant impact on both the surface quality and mechanical qualities
of metal parts [23-26]. The optimization procedure is necessary to determine the optimal values of these
parameters, which are crucial for achieving the desired functional and durability qualities in the products
obtained [27, 28]. As a result, it is imperative to exercise stringent control over laser processing parameters
to achieve optimal roughness levels for the resulting surfaces. According to references [29, 30], certain
post-processing activities conducted after selective laser melting (SLM) can be partially or completely
omitted using this approach.

The objective of this experimental research is to investigate the effects of two technical parameters,
namely scan speed (v scan) and hatching space (H), on the surface roughness of exterior surfaces in both
non-mechanical grinding state and mechanical grinding state. In a recent study, Pupo et al. (2012)
investigated the impact of different process parameters on the surface quality of Co-Cr alloys manufactured
using selective laser melting (SLM). Hence, it is recommended to expand the scope of these assessments
by incorporating comprehensive multi-layer formation studies. These experiments aim to investigate the
impact of different processing parameters on the surface roughness of Co-Cr alloy products fabricated by
Selective Laser Melting (SLM) technology. Hence, the primary objective of this laboratory investigation is
to examine the impact of laser process parameters, specifically scan rate and scan hatching spacing, on the
surface roughness of Co-Cr alloys made using selective laser melting (SLM) technology. These alloys are
commonly employed in dental applications. The purpose was to examine the effects.

The surface has garnered significant attention in numerous research since it has been demonstrated that
90% of failures in engineering components are initiated by surface-related factors. These phenomena
manifest themselves through mechanisms such as fatigue cracking, stress corrosion, wear, and erosion [31-
38]. From the perspective of the medical and dental domains, the examination of the interaction between a
surface and biological tissue raises the topic of attachment of microbiological organisms. Achieving
complete surface smoothness is theoretically unattainable due to the inherent tiny texture left by the
production components on any surface during the manufacturing process. The phenomenon being described
is commonly known as surface texture or surface topography, which comprises a collection of elevated
points and depressed areas, each characterized by distinct dimensions, intervals, and configurations (Blunt
& Jiang, 2003).

A number of recent studies have been published, focusing on the application of selective laser melting
(SLM) and its impact on the properties of products manufactured using CoCr powders. These studies
investigate the influence of changing SLM process parameters on the features of the resulting products.
The study conducted by Hong et al. (2016) aimed to examine the impact of different laser process
parameters, including laser power, scan rate, and scan-line spacing, on the surface roughness of a Co-Cr
dental alloy. This alloy was fabricated using a three-dimensional (3D) printing technique known as selective
laser melting (SLM). The experimental setup involved the utilization of a ytterbium fiber laser beam
(specifically, the IPG YL-200 model) with a spot size measuring 0.08 mm and a maximum power output
of 200 W. The laser beam was operated within an environment saturated with nitrogen gas, with a constant
flow rate of 5 L/min. In the beginning, a test employing a single-line formation was conducted to ascertain
the appropriate laser power (200 W) and scan rate (128.6 mm/s) that yielded beads with an optimal profile.
The results of this work indicate that the surface quality of Co-Cr dental alloys manufactured by selective
laser melting (SLM) is significantly influenced by laser process parameters. The prevention of balling
during a single-line formation test was achieved by decreasing the laser intensity and increasing the scan
rate. The surface quality of Co-Cr dental alloys produced by SLM is influenced by critical parameters such
as laser power, scan rate, and scan-line spacing, as established by previous studies. The user did not provide
any text to rewrite.
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According to Tonellia et al. (2020), The samples under investigation were fabricated utilizing the selective
laser melting (SLM) apparatus, namely the SISMA MYSINT100, which is equipped with a Yb-fiber laser
operating at a wavelength of 1070 nm. The laser has a maximum power output of 200 W and can produce
a focused spot with a nominal diameter of 50 um. A diverse set of process parameters were considered to
investigate a broad spectrum of energy densities (LED = 43.2-267.9 ] mm—3). Therefore, the results have
been categorized into three distinct groups based on the intensity of light-emitting diodes (LEDs): low (up
to 100 J mm—3), medium (100—150 J mm—3), and high (150—270 J mm—3). A relationship was established
between the value of LED (light-emitting diode) and various characteristics of parts produced using
selective laser melting (SLM), including density, surface quality, microstructural features, and hardness.

Insufficient power output from the low LED results in incomplete melting of the feedstock particles,
leading to a highly unstable liquid pool. Due to significant deficiencies in fusing, the SLM samples
displayed a porosity level ranging from 1% to 7% in terms of area. Additionally, the top surface of these
samples exhibited a high roughness with an average roughness (Ra) ranging from 13 pm to 7 pm.
Furthermore, there was a notable variation in the microhardness of the samples, ranging from 18 HRC to
36 HRC. The utilization of medium and high light-emitting diodes (LEDs) has shown effective in achieving
the complete fusion of all powder materials and the retrieval of intact sound components. Additionally, this
process resulted in a significantly low level of porosity, ranging from 0.5% to 0.1%, and smoother upper
surfaces with roughness average (Ra) values ranging from 5 to 2.5 micrometers. The primary flaws seen
were gas porosities at the micro-scale. However, it should be noted that excessive energy density (LED >
200 J mm3) can lead to the occurrence of keyhole collapses. There appears to be no discernible correlation
between the energy density and the quality of the lateral surfaces of the samples, as well as the size of the
laser tracks, in both the transverse and longitudinal sections. The user did not provide any text to rewrite.
In their study, Marta Revilla et al. (2021) conducted a comparative analysis of the chemical composition,
surface roughness, and ceramic shear bond strength between two distinct manufacturing procedures:
subtractive (milled) and additive (SLM) groups. The specific manufacturing systems used in the additive
group were EOS, 3D Systems Layer wise, Concept Laser 100W, and Concept Laser 200W. The focus of
the investigation was on Co-Cr alloys. The chemical composition of milling and selective laser melting
(SLM) Co-Cr alloys exhibited a notable disparity. The surface roughness of the Co-Cr specimens studied
was found to be significantly influenced by both subtractive and additive manufacturing processes.

The study conducted tests on Co-Cr dental alloys produced by both the SML AM and milling techniques
and determined similar values for ceramic bond strength. The user's text is not sufficient to rewrite in an
academic manner.

2. Experiment
2.1 Characterization of Powders

In this investigation, the raw material utilized for the selective laser melting (SLM) technique was gas-
atomized C024.7Cr5Mo5.4W powder obtained from SENTESBIR, a research institution located in Turkey.
The particles exhibit a mostly spherical morphology and are scattered throughout a variety of sizes, as
evidenced by the Scanning Electron Microscope (SEM) images and histogram chart depicted in Figure 1.
The mean diameter of particles within a certain size distribution is 30 pm, with a range spanning from 15
um to 45 um. Table 1 presents the chemical composition of the Co24.7Cr5Mo5.4W powder used in this
study, as received from the manufacturer's datasheet.

2.2 Production of SLM samples

The experimental procedure involved the utilization of an industrial Selective Laser Melting (SLM)
machine, namely the Mlab cusing R model manufactured in Germany. This machine was employed to
fabricate the desired alloy in accordance with the predetermined shape specified by Computer-Aided
Design (CAD) software.
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Table 1. Chemical composition of C024.7Cr5Mo5.4W powder.

Element Co Cr W Mo Si

Percentage (wt%) 639 247 54 5 <1

Table 2. Physical mechanical properties of Co24.7Cr5Mo5.4W of powder.

Thermal . . .
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Fig. 1: SEM for the particle size and shape for the employed Co024.7Cr5SMo5.4W powder.

A total of eight sets of samples were generated, with each set consisting of three specimens measuring 15
(L) x 15 (W) x 4 (H) mm. The SLM system utilizes a continuous wave Y tterbium fiber laser to induce the
melting of particles on the powder layer in a linear scanning pattern. The thickness of each layer is 25 pm,
and these layers are printed using a zero-orientation building (0o). The initial coating of powder was evenly
distributed onto a substrate composed of stainless steel. The procedure was iterated multiple times till
achieving the ultimate thickness of the sample, which measured 4 mm. The process of selective laser
melting (SLM) was conducted under controlled conditions, with a consistent laser output of 100 W, within
an environment enriched with nitrogen. The individual effects of the scanning speed (v) and hatch space
(h) process parameters on the product qualities were investigated using the one factor at a time method. The
specific product attributes examined are presented in Table 3. The volumetric energy density (VED) is
regarded as a significant measure for evaluating the outcomes of selective laser melting (SLM) results, as
it encompasses the process parameters of the SLM process[42] .

P
VED = - @9
Equation (1) represents the relationship between the volumetric energy density (VED) and the laser power
(P), scanning speed (v), space (h), and thickness of a single powder layer (t). In this equation, P is measured

in watts (W), and v is measured in millimeters per second (mm/s). hatch h is measured in millimeters (mm),
and t is measured in millimeters (mm).
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The samples underwent a mechanical grinding and polishing procedure, utilizing waterproof silicon carbide
paper with varying grit sizes (80, 200, 400, 800, and 1200) sequentially under a continuous water stream.
The specimens underwent a concluding polishing procedure utilizing a 0.5 pm diamond suspension on a
polishing cloth affixed to a rotary grinding/polishing apparatus, followed by cleansing with ethanol to
eliminate any impurities or debris.

The samples were subjected to surface morphology examinations using a scanning electron microscope
(SEM) of the FEI-Quanta 250/USA model. This analysis focused on examining the cross-sections, worn
areas, and corroded surfaces of the samples. The crystal phase structure and element distribution were
examined using a GNR explorer X-ray diffractometer from Italy. The analysis utilized Cu Ka radiation
with a wavelength of 1.5418 A, and the measurements were taken on a 20 scale ranging from 10 to 90e.
Additionally, an energy-dispersive spectroscope (EDS) is utilized. The Archimedes approach was
employed to determine the relative density of the samples produced under various process conditions using
the formula [43].

PSLM PwaterXMair (2)

RelativeDensity
Pstd (PstaXMair)— (PstdXMwater)

In equation (2), pPSLM represents the density of the Co24.7Cr5Mo5.4W alloy produced using selective laser
melting (SLM). pstandard denotes the standard density of the Co024.7CrSMo5.4W alloy. pwater
corresponds to the density of water at a temperature of 4 °C. mair represents the average mass of the SLM
sample when measured in air, while m water represents the average mass of the SLM sample when
measured in water. The relative densities of the selective laser melting (SLM) samples are presented in the
table. The user's text is too short to be rewritten in an academic manner.

The measurement of surface roughness was conducted using a profilometer, namely the Mahr surface

profilometer. The analysis of the specimens' surface roughness was conducted by measuring the parameters
Ra and Rz. The software program utilized for this purpose was Marserve 20, developed by Mahr. The
programme was configured with the following settings: The length of traversal is measured at 2.4 mm,
whereas the standard critical wavelength is recorded at 0.25 mm. The velocity of the system is calculated
to be 0.1 mm/s. The measurements were conducted utilizing a probe with a diameter of 2 mm, positioned
perpendicular to the direction of polishing, and employing a cutoff length of 0.4 mm. The manufacturer has
stated that the profilometer accuracy is 25 mm on the vertical scale and 1 mm on the horizontal scale. The
experiment involved conducting three repetitions of each measurement and subsequently calculating the
average value. The surface roughness was quantified through measurement

Table 3. SLM process parameters.

Process Parameter value
P (W) 100
¢t (mm) 0.025
v (mm/s) 700 -1000
h (mm) 0.06 - 0.08

3. Results and Discussion

The selective laser melting (SLM) technique was utilized to fabricate samples of CoCrWMo alloy,
employing various combinations of process parameters. The objective of this work was to investigate the
features of these samples and determine the optimal combination of parameters. A study was conducted to
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investigate the impact of different scanning speeds on the relative density at two distinct levels of hatch
spacing, namely 0.06 mm and 0.08 mm. The relative density exhibited an increase with a decrease in
scanning speed, as depicted in Figure 2, while maintaining a constant laser power of 100 W and layer
thickness of 0.025 mm. The highest relative density, exceeding 98.0%, was achieved when the scanning
speed was set to its lowest setting of 700 mm/s and the hatch spacing was increased to 0.08 mm. The
influence of hatch space on relative density is observed mostly at elevated levels of laser power and
scanning speed. The relative density experienced a decrease from 98.2% to 94.4% when the scanning speed
increased to higher values, leading to a reduction in the energy input. In this scenario, the extent of overlap
drops considerably, impeding the complete melting of the powder. Additionally, the absence of a bonding
neck between successive phases leads to the creation of pores and a decline in relative density. The level of
laser energy received by the powder during the Selective Laser Melting (SLM) process is rather low,
resulting in incomplete melting of a significant number of powder particles present in the sample. The liquid
phase of CoCrWMo is diminished during the printing process, leading to inadequate filling of cavities and
holes in the CoCrWMo samples caused by incomplete powder bed melting. Consequently, the presence of
defects is amplified. Furthermore, it can be observed that the microstructure of the specimen has a larger
grain size. The form and size of the melt pool are unaffected by variations in scanning speed. The
configuration of the molten pool is primarily influenced by the dimensions of the laser focal point, the
spacing between successive laser passes, and the trajectory followed by the laser during scanning. The
porosity is influenced by the scan speed. This finding is consistent with the study conducted by Shiwen Zou
et al. (44), which examined the relationship between scan speed and defect size. The researchers observed
that as the scan speed increased, the defect size also tended to increase. Additionally, they found that
counterparts produced at higher scan speeds displayed fusion faults that were attributed to an inadequate
fusing process. The microstructural analysis revealed that the cellular morphology of the selective laser
melting (SLM) CoCrWMo alloy exhibits growth perpendicular to the molten pool border.
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Fig.2: shows density curves for SLM-created Co24.7Cr5Mo5.4W alloys at a range of laser scanning speeds.

Metallographic analyses were conducted on the top surfaces of eight fabricated samples, as depicted in
Figure 3, using scanning electron microscopy (SEM) imaging. The aim of this study is to examine the
impact of scanning speed and hatch spacing on the surface quality of the produced puros, as indicated by
the density and form. The results presented in Figure 5a indicate that the optimal surface can be achieved
by employing a lower scanning speed of 700 mm/s and a higher hatch spacing of 0.08 mm. The Volumetric
Energy Density (VED) values are 71.42 J/mm3 for a hatch space of 0.08 mm and 95.23 J/mm3 for a hatch
space of 0.06 mm. These values suggest that the sample surface is smooth, as depicted in Figure 3a and
Figure 3e. The relative density value ranges from 98.2% to 97.6%. The scanning speed and volumetric
energy density yield the best results, along with a powder that is tightly bound and exhibits exceptional
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fusion capability. When the scanning speed is increased to 800 mm/s, the pores on the surface become
visible. Additionally, there is a noticeable increase in the number of balling particles, as depicted in Figure
3b and Figure 3f. The observed phenomena can be attributed to an excessive scanning speed, leading to
insufficient energy input, which in turn causes incomplete melting of the powder and the subsequent
creation of pores. Nevertheless, when the scanning velocity is heightened, and the energy density is
diminished, the uppermost layer of powder fails to attain adequate heat for complete powder fusion.
Consequently, this leads to a decrease in the formation of strong bonds between the powder particles and
the emergence of voids inside the material. As a result, the relative density experienced a reduction ranging
from 97.4% to 96.5%. When the scanning speed is increased to 900 mm/s, it is evident from the observations
made in (Figure 3 g) that the presence of balling particles and pores becomes apparent on the surface. The
energy density inside this particular region is measured to be within the range of 55.55-74.07 J/mm3. The
acceleration in scanning velocity has resulted in a reduction of the duration of contact between the powder
and laser, leading to a decrease in temperature for certain particles below their respective melting points.
Consequently, the powder undergoes partial melting.

Fig.3: SEM images for C024.7Cr5Mo05.4W alloy samples produced with different sets of process parameters after

mechanical grinding.
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In this particular scenario, the fusion of neighboring particles occurs as a result of the substantial generation
of liquid material [28]. Nevertheless, it is important to note that the region where agglomeration takes place
remains in a condition characterized by the coexistence of both liquid and solid phases.

The observed trend in the relative density of CoCrWMo alloy samples is a reduction as the scanning
speeds, which correspond to the energy input, rise. Furthermore, the relative density ranges from 95.6 to 95
percent. When the scanning speed is increased to 1000 mm/s for hatch spaces of 0.08 and 0.06, the
corresponding energy values (VED) are found to be 50 J/mm3 and 66.66 J/mm3, respectively. The presence
of pores, unmelted powders, and agglomerated balling on the surface is of more concern, as larger-sized
pores and balling particles are observed on the surface (Figure 3 d, h). The presence of spherical particles
and pores on the surface of the preceding layer has an impact not only on the binding within the same layer
but also on the binding across different layers, thereby influencing the overall density of the sample. As
seen from the data presented in Figure 3 d and h, The relative density within this range is 94.7-94.4%

The X-ray diffraction (XRD) pattern of the CoCrWMo specimen is depicted in Figure 4. The X-ray
diffraction (XRD) analysis reveals that the CoCrWMo alloy displays a combination of two distinct phases,
namely the gamma (Y) phase with a crystallographic plane orientation of (111) in a face-centered cubic
(FCC) structure and the zeta () phase with a crystallographic plane orientation of (200) in a hexagonal
close-packed (HCP) structure. In general, it is seen that CoCr-based alloys undergo a phase transition from
the Y (111) phase to the martensite § (200) phase as they are cooled. The creation of the § (200) phase
occurs as a result of a martensitic transformation triggered by thermal stress. The higher quantity of the
FCC (Face-Centered Cubic) phase, denoted as Y (202), is likely retained due to the inhibitory conversion
of the metastable Y (202) phase to the martensite g (200) phase during rapid cooling of the molten pool.
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Fig.4: XRD pattern of the CoCrWMo specimen.

Figure 5 displays the microscope image of the CoCrWMo alloy, accompanied by demarcated regions
indicating the local microanalysis of its chemical composition. Additionally, the spectrograms of the
produced X-radiation are presented in the figure. A comprehensive examination of the notable regions is
documented in the table. As depicted in the figure, the matrix of the tested material exhibits a greater
concentration of Co and Cr as compared to the eutectic precipitates, wherein Mo, W, and Si are present in
higher proportions. The state and texture of a surface, as well as the degree of surface roughness prior to
undergoing mechanical grinding, resulted in varying surface profiles across the samples, depending on the
specific processing method employed (see Figure 6). All of the samples displayed a comparable surface,
characterized by heights ranging from 0.50 to -50 pm for the majority of the specimens. The Ra center line
average (CLA), with an average roughness ranging from 20 to 31 pm, was found to have an impact on the
friction coefficient, microhardness, and wear resistance of the materials (45).
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Fig. 5: EDS image spectrogram of Co24.7CrWMo.
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The sample with a height of 30 um had a relatively large average amplitude in the height direction (Rq),
while the sample with the smoothest surface had the smallest Rq value (Table 2). In order to assess a surface
state in the vertical direction, two parameters were employed: The Rp, Rv, and RT metrics validate that
the samples subjected to Al,O; and SiO; sandblasting exhibited the most polished surface, with the sample
displaying the most pronounced profile variations and the sample showcasing the least pronounced profile
differences (indicating the finest surface).

The CoCrWMo alloy produced via the process of selective laser melting is depicted in Figure 7. The
plot illustrates the relationship between surface roughness and laser bulk energy density prior to the
application of mechanical grinding, encompassing all relevant data points. Upon analysing the dispersed
data points, it becomes evident that the process under consideration is selective laser melting (SLM)
formation. The increase in energy density leads to a decrease in the top surface roughness (Ra) of the
CoCrWMo alloy. Choose a representative specimen for surface analysis in the context of selective laser
melting (SLM) additive manufacturing. In terms of morphological observation, Figure 7 displays the
samples that have been generated using varying laser volume energy densities.

The observation reveals that when the laser bulk fluence is low (50 J-mm—3), a significant quantity of
unmelted powder accumulates on the sample's surface. Additionally, the melting channel exhibits
discontinuity, resulting in inadequate lapping effects. These outcomes can be attributed to the laser body's
lower energy density. The high thermal energy poses challenges in achieving complete fusion of the
powder, while the surface roughness is around 29 um. The laser bulk energy density applied to the surface
of the sample was measured to be 71 J-mm—3. The melting channel has a significant degree of overlap,
demonstrating a continuous nature, with little instances of unmelted powder adhesion. Furthermore, the
reduction in surface roughness is observed to be 25 pm. At elevated levels of laser bulk energy density (95
J mm-—3), the melting channel observed on the surface of the lower sample exhibits enhanced smoothness
and straightness, accompanied by a progressive reduction in surface roughness. The laser bulk fluence
results in the generation of heat, which can cause the size to decrease to as low as 20 um. Excessive
elevation of temperature might result in the vaporisation of a portion of the powder, leading to the formation
of circular voids.

ED j/mm?3

19 21 23 25 27 29 31

Ra um

Fig. 7: Surface Roughness of C024.7Cr5Mo5.4W alloys produced with SLM using
different volumetric energy densities before mechanical grinding.
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It is widely recognized that surfaces exhibiting elevated roughness levels, indicative of lower quality, tend
to possess diminished fatigue resistance. Conversely, surfaces characterized by reduced roughness,
signifying higher quality, exhibit enhanced fatigue resistance, as well as heightened resistance to corrosion.
The excessive refinement of surfaces, resulting in a significant reduction in roughness, does not necessarily
guarantee improved functionality of the components. In fact, it often leads to an unwarranted increase in
production costs. Based on the data shown in Table 3 and Figure 8, an observation can be made regarding
the relationship between surface roughness following mechanical grinding followed by a polishing
procedure and volumetric energy density. The upper limit for roughness, as measured by the arithmetic
average height (Ra), is 29 um .The present study emphasizes the enhanced efficiency of mechanical
grinding (MG) subsequent to selective laser melting (SLM) processing, as evidenced by a notable decrease
in roughness values (A Ra) by 35%. One potential approach for analyzing the experimental results involves
considering the energy density (VED). In this particular scenario, it is worth noting the following:

The specimens subjected to non-mechanical grinding (MQG) exhibited the lowest roughness values when
processed using selective laser melting (SLM) with an energy density (ED) of 95. The optimal settings of
technological parameters for mechanical grinding (MG) specimens are often recommended to have a VED
value of 95J.mm3. The present study used a synthetic analysis to examine the findings, specifically
focusing on the roughness (Ra) aspect. It is advisable to consider specific combinations of values for the
two technological parameters, denoted as (H) and (vscan). The value of h is 60 um, and the value of v is
700 mm/s. The present study employs a synthetic analysis to examine the findings, specifically focusing on
the perspective of roughness (Ra).
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Fig. 8: Surface Roughness of C024.7Cr5Mo5.4W alloys produced with SLM using
various energy density after mechanical grinding.
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Table 4. Surface Roughness of C024.7Cr5Mo5.4W alloys produced with SLM using
various energy density before and after mechanical grinding.

Ra(um ) before Ra(um) after ED(j/mm)
29 13 50
28 7.5 55.5
27 7 62.5
26 6.5 66.6
25 6 71
24 3 74
23 2 83
20 1.5 95

The conducted experiments indicate that values of hatching space less than 60 us and scanning speeds
below 700 mm/s are not advisable for the selective laser melting (SLM) processing of the Co-Cr-W powder.
This is due to the detrimental impact on the energy density (Ed), which in turn negatively affects the
selective melting and solidification processes of the metal powder. One of the immediate outcomes of
insufficient selective laser melting (SLM) processing is the production of exterior surfaces with elevated
roughness.

4. Conclusions

The study discusses the utilisation of the Selective Laser Melting (SLM) technique employing a laser beam
to treat Co-Cr-W metal powders. Eight sets of specimens were created using varied values of the variable
technological parameters, namely hatching space (H), scanning speed (vscan), and energy density (VED).
Measurements of roughness (Ra) were performed on surfaces subjected to mechanical grinding and non-
mechanical grinding techniques. Based on the observed exterior surface roughness, the following
conclusions have been derived.The optimal parameter combinations for non-mechanical grinding and
mechanical grinding are determined to be H = 60 pm and vscan = 1000 mm/s. From a volumetric energy
density (ED) perspective, it is not advisable to use scanning speeds (vscan) above 700 mm/s and pulse
durations (H) exceeding 80 s for selective laser melting (SLM) processing of Co-Cr-W powders, as these
parameters will lead to elevated roughness values.
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Abstract

Background: The main etiological element of dental caries is Streptococcus mutans (S. mutans) bacteria, so getting
rid of this bacterium has a significant impact on how well restorative treatment goes. New approaches for eradicating
bacteria in dentistry have been developed like lasers, metallic nanoparticles, and bioactive materials.

Aim of the study: This study's goal was to assess a diode laser's effectiveness as an antibacterial agent and then
compare it with the antibacterial effect of chlorhexidine (CHX) against S. mutans bacteria.

Material and Method: The study was performed by using S. mutans microorganisms collected from patients with
dental caries, then a bacterial suspension was prepared at a concentration of 106 CFU /ml and placed in an Eppendorf
tube to be treated with various antibacterial modalities, the 30 samples were divided up into three experimental groups:
Group I: Negative control group; Group II: Positive control group using 2% chlorhexidine; Group III: Irradiation with
diode laser (1 watt output power for 30s exposure time). The number of colony-forming units (CFU) was counted for
each group after 24 h of incubation on Mitis Salivarius Bacitracin agar (MSBA) plates.

Results: A significant reduction in the CFUs/ml of S. mutans bacteria was observed 24 hours following treatment
by the two approaches (The diode laser and CHX). The findings of the study indicate a significant statistical difference
(p-value <0.01) between the two groups in comparison to the negative control group that did not receive any treatment.
Furthermore, the group treated with the diode laser exhibited the greatest drop in bacterial count compared to the
group treated with CHX.

Conclusion: Both diode laser and CHX have a good bactericidal effect, but the diode laser had an antibacterial
effect superior to CHX. The diode laser was a successful and effective approach for eliminating bacteria and it can be
employed as a step in the teeth restoration process.

Keywords: Chlorohexidine, Dental caries, Diode Laser, Disinfection, Laser irradiation.

1. Introduction
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Dental caries is a complex, multifactorial, chronic, and dynamic disease that affects 95% of the population
of all ages worldwide.(Sadony and Abozaid, 2020) It is mediated by biofilms and sugar in the presence of
cariogenic bacteria (Qiu et al., 2020), in which dental hard tissues undergo phasic demineralization by acid
produced through food fermentation by bacteria (Pitts et al., 2017). Gram-positive, facultative anaerobic
streptococcus mutans is frequently found in the mouth is the main contributory factor to dental caries
(Jassim, 2022). The main goal of dental restoration is to remove infected carious tissues and bacteria and
replace them with a filling material in order to protect and preserve the remaining tooth structure. However,
secondary caries is one of the main causes of restorative failure because it can develop if infected tissues,
bacteria, and germs are not completely removed. (Selivany et al., 2020) There are many methods to reduce
the occurrence of dental caries, including fluoride and chemical antibacterial agents (Liao et al., 2017;
Shallal and Ahmed, 2022) but they are not usually very effective and may have unfavorable side effects, or
the bacteria could become resistant to this antibiotic. (Toma and Aziz, 2023) As a result, various
antibacterial techniques like lasers that have a strong bactericidal impact with no harmful side effects are
needed. Using antibacterial treatments to help reduce the prevalence of infection-causing bacteria is a
practice that dentists all around the world are starting to use. (Chalisha et al., 2021) Results from most
research were related to the use of cavity disinfectants like chlorhexidine, laser technology, and sodium
hypochlorite (NaOCIl). Additional disinfection options were also evaluated in some studies. (Coelho et al.,
2020)

Because of its antibacterial Efficiency, which includes those against S.mutans, and its antiplaque action,

chlorhexidine has been widely utilized in dentistry. (Kandaswamy et al., 2018, Haydari et al., 2017) The
majority of authors assessed chlorhexidine's effectiveness as a cavity disinfectant, and according to a
number of findings, chlorhexidine is the most widely agreed-upon cavity disinfectant for use in clinical
practice (Coelho et al., 2021). When chlorhexidine (CHX) was utilized prior to the application of adhesives,
a reduction in residual microbiological contamination and enhancement of the seal of restoration were
noted. (Ebrahimi et al., 2018) Many researchers have looked into the various capabilities and characteristics
of CHX, including its capability to inhibit matrix metalloproteinases (MMPs) when used before the
application of adhesive systems. (Mohammadi et al., 2020)
Rapid developments in laser technology (including wavelengths, techniques, and delivery systems) have
made it possible to use it in a variety of disciplines, such as dentistry, physics, biology, biotechnology, and
biochemistry. (Saleh et al., 2023) Numerous lasers, including diode lasers, Er-YAG, and Nd-YAG, have
been shown to have bactericidal effects. (Wang et al., 2018) The diode laser has lately acquired popularity
and is now prevalent in dental offices due to its low cost, portability, efficient bactericidal action through
its thermal effect, and temperature rise that is within an acceptable range for permanent teeth (Bahrololoomi
et al., 2017). Furthermore, whereas conventional disinfectants only penetrate a depth of 100 pum into the
dentinal tubules, diode laser light can do so up to 1000 um from the surface, making it an effective
disinfectant. (Saafan et al., 2018). Also, there has also been a lot of interest in the efficacy of Er,Cr:YSGG
lasers in eliminating bacteria since bacteria's water molecules make them a good target for Er,Cr:YSGG
lasers, which destroy bacteria when energy is absorbed. (Tokuc et al., 2019)

This study's objective is to assess the antibacterial efficacy of a diode laser with a 940 nm wavelength
on the survival of S. mutans bacteria and compare that antibacterial impact to that of chlorohexidine.

2. Material and Method

2.1. Samples Collection, Isolation, and Identification of S. mutans Bacteria

The plaque and saliva samples were obtained from patients with dental caries who visited the dental clinics
at the College of Dentistry/University of Baghdad. The samples were obtained using sterile wet transport
media, and they were later delivered by ice box to the laboratory. a total of 100 microliters of the obtained
samples were grown for 24 h at 370 C on a plate of mitis salivarius bacitracin agar MSBA selective medium.
To identify the isolated bacteria, The initial identification of S. mutans was done by conventional methods,
which included microscopic examination and biochemical testing, while the final identification was carried
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out using the more reliable polymerase chain reaction (PCR) method of detection in epidemiological
studies.

2.2. Bacterial sample preparation

A single colony of S. mutans bacteria was taken and cultivated for 24 h at 370 C in BHI broth (HIMEDIA,
India). The concentration was modified to 0.5 scale McFarland (1 ml of 0.5 McFarland containing nearly
108 bacteria). A 10-fold dilution to 0.5 McFarland suspension was done to achieve a concentration of 5106
bacteria in 1 ml to reduce the number of bacterial colonies to be able to count them (Kasraei et al., 2014).

2.3. Laser irradiation

The bacterial solution was exposed to a 940 nm-wavelength diode laser (Epic, Biolase, USA). The output
power was 1 W in continuous mode for 30 s of exposure time, delivered by a 200 um fiber tip (E2-20,
Biolase, USA). It was inserted into the sterile Eppendorf tubes containing 1 ml of bacterial suspension (5 x
10¢ cells/ml) with a spiral motion continuously in a clockwise direction from the bottom to the top of the
tube, as shown in Figure 1. This ensures laser distribution evenly throughout the entire suspension volume.
The laser tip was disinfected with 70% ethyl alcohol after each use. (Sadony and Montasser, 2019) The
irradiated suspensions were cultured on MSBA overnight at 37°C.

Laser beam

Eppendorf tube  mes—

Scattering of the laser beam ml) o,

P

Non reflective stand >

Fig.1: Laser arrangement of bacterial irradiation in the Eppendorf tube.

2.4. Experimental groups

Samples are divided into three experimental groups, each group having ten samples (n=10)

Group I: Negative control group bacterial suspension containing (106 CFU/ml) bacterial concentration
without any treatment.

Group II: Positive control group into which 2% CHX

(CERKAMED, Poland) irrigation was used to treat the bacteria.

Group III: Irradiation of bacterial suspension by diode laser 940 nm 1 W output power, CW, 30 s exposure
time.

2.5. Antibacterial activity determination
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To assess the antibacterial activity, the reduction in bacterial number following exposure to different
antibacterial treatments was the main focus of this study, as was checking how effective the treatment is.
After treating all the samples of bacteria with different treatment modalities, bacterial counting using
CFU/ml was done. This was achieved by taking a portion of the bacterial suspension (100 microlitres) and
spreading it on bacterial growth selective media (MSBA) and cultured for 24 h after being serially diluted
by 3-dilution folds 101, 10-2, and 10-3. By using the following equation, the number of CFU was counted
on the MSBA plates and determined per millilitre of the initial sample:

Number of CFU/ml = number of CFU x dilution factor (De Mandal and Passari, 2021, Buraihi and Alkurtas,
2020). Moreover, the following equation was used for calculating the killing percentage:

Percentage of killing = 100% — (CFU of the tested group/CFU of the control group) x 100% (Lee et al.,
2006).

3. Results

The statistical analysis was completed by using SPSS (v 20). In order to process the data, a one-way analysis
of variance (ANOVA) test was employed. Comparing several groups' means. Results were presented as
mean and standard deviation (SD), with P values that are higher than 0.05 being statistically non-significant
and P values that are less than 0.05, 0.01, and 0.001 being statistically significantly different. The level of
significance between the tested means was ascertained using the LSD test represented by the letters from
(A) to (C) in decreasing order. The results are summarized in Table 1.

Table 1. Descriptive statistics of three study groups after antibacterial treatment.

Group order Group type Mean (CFU/ml)  SD LSD P value
Group I Negative control 500 x10* 250 C

Group I1 Positive control (CHX) 34 x10* 5.8 B 0.001
Group IIT Diode laser 24 x10* 3.6 A 0.001

SD = Standard Deviation, LSD = The significance level, P value = probability value.

The results are represented by the mean and standard deviation of CFU following the interventions; colony
counts for both groups significantly decreased. Group III has the lowest mean value (24 x 10* CFU/ ml),
followed by group II (34 x10* CFU/ ml). The bacteria untreated in the negative control group, which has
the greatest mean value as represented graphically in Figure 2. A, B, and C letters indicate the different
levels of significance. The LSD test was used to determine the differences between the tested means that
were significantly different. Also, the percentage of killing of bacteria was presented in Table.2

Table 2. Percentage of killing of the study groups.

Tested group Percentage of killing
Group I 0 %
Group I1 99.32 %
Group III 99.52 %
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Fig. 2: Graphical representation of antibacterial activity among the tested groups.

Fig. 3: CFU of S. mutans bacteria on MSBA plates. Group A: Negative control (no treatment), Group B: Positive
control (2% CHX irrigation), and Group C: Diode laser.

4. Discussion

The focus of the present study was to determine how the antibacterial properties of the 940 nm diode laser
affected the survival of the S. mutans organisms. According to the results of the research, there were fewer
bacterial colonies present, and there was a statistically significant difference between the CFU of the
bacteria prior to and following irradiation (high significance P value 0.001). These results agree with a
study performed by Robati et al. Streptococcus mutans and Lactobacillus bacteria at 108 CFU/ml
concentrations were exposed to diode laser radiation at various doses and exposure durations to evaluate
the laser's efficacy. The findings showed that the (980 nm) diode laser is especially effective at preventing
the growth of the two types of bacteria at different times and doses 24 h after the irradiation (Robati et al.,
2022), and this is strongly in line with the findings of the current study since the laser action was examined
24 h after exposure. This antibacterial action can be attributed to the photo-disruptive and thermal effects
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of the diode laser's irradiation, which caused bacterial damage. (Nammour et al., 2021) When laser
irradiation is done correctly, it is known to destroy bacterial cell walls, disrupt bacterial integrity,
accumulate denatured proteins, cause cell lysis, and finally kill microorganisms. Additionally,
protoporphyrin IX-containing and pigmented bacteria can be immediately destroyed by the diode laser's
near-infrared light. (El Mobadder et al., 2022). A study by Hendi et al. used a laser with a 1 W output power
and a 45-second exposure time for three subsequent exposures to test the antibacterial effects of 940 nm
diode lasers on E. faecalis bacteria. The outcomes supported the findings of the current investigation,
showing a decrease in bacterial colonies between the time they were exposed to 940 nm diode laser light
and before exposure (P value 0.001). (Hendi et al., 2021) E. faecalis was destroyed by a 940-nm diode laser
in a study by Castelo et al. They observed a 70% rate of bacterial killing by utilizing 3.5 watts of laser
power in pulsed mode over a one-minute exposure length. More bacterial colonies were destroyed in the
current study than in Castelo et al.'s examination because laser radiation of the bacterial suspension was
applied continuously for 30 seconds, and this was consistent with the findings of the current study since 1
watt of power has the greatest ability to kill bacteria. (CASTELO et al., 2012)

One of the most popular disinfecting methods in dentistry for avoiding and inhibiting the growth of
bacteria, particularly S. mutans, is chemical disinfection with chlorhexidine. (Mohan et al., 2016) Standard
2% CHX was employed in this investigation as a positive control because it is a disinfectant that is widely
accessible on the market. The results of the investigation demonstrated that 2% CHX had high antibacterial
properties and was effective against the S. mutans bacterium, as demonstrated by a decrease in CFUs/ml
that provided a statistically significant difference (P value 0.001) when compared to the negative control
group .

The results of this study agree with those of Vinothkumar, T. S. et al. They found that treating with 2%
CHX greatly decreased the number of S. mutans and that diode laser was somewhat more effective at killing
S. mutans than CHX. In comparison, CHX displays lesser antimicrobial properties than the diode laser, and
this might be for various reasons, one of which is the photothermal effect of the laser. (Vinothkumar et al.,
2020) The disinfectant's effectiveness is based on how well CHX sticks to microbe cell walls and lets
intracellular components leak out. Small molecular weight components of the microorganism are released
by CHX's bacteriostatic activity at low concentrations, but at higher concentrations, CHX causes
cytoplasmic precipitation and/or coagulation, which is most likely brought on by protein cross-linkage and
exhibits the bactericidal effect. (Mohan et al., 2016) According to the Hassaballah et al. investigation, the
diode laser system is a more effective disinfectant for caries lesions than CHX and grape seed extract
(Hasaballah et al., 2021). The study examined the efficacy of grape seed extract, CHX, and laser diode as
primary disinfectants for dental cavities. There is agreement with the results of the present study, given that
the outcomes of the diode laser group are better than those of the CHX group with a static difference (P
value 0.001). When a laser beam contacts a tissue, a phenomenon known as photothermal interaction takes
place in which the light energy is transformed into heat through a thermal interaction with the cellular
molecules. It causes tissue to experience a number of effects, including heat, coagulation, vaporization,
carbonization, and lastly, melting (Coluzzi, 2008). Theoretically, the intense absorption of laser light might
cause the production of reactive oxygen species, which would kill bacteria directly by rupturing their cell
membranes. (Yao et al., 2012)

5. Conclusion
According to the outcomes achieved from this study, the 940 nm diode laser has an antibacterial effect

against bacteria that can cause tooth decay. So, it can be used as a potent disinfectant as a step in the tooth
restoration process to help in bacterial elimination and cavity disinfection
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Abstract: This study investigates the crucial factors influencing laser cleaning processes, with a primary focus on
aluminum 6061 surfaces. Laser power emerges as the central determinant, as higher power levels intensify the laser-
matter interaction, leading to enhanced removal of oxide layers. A Microsecond fiber laser with a wavelength of 1064
nm was used in this study to identify optimal cleaning conditions, comprising parameters such as 3W power, a hatch
value of 0.003, a speed of 150 mm/s, and a spot size of 200 um. Furthermore, the research uncovers intriguing insights
into the impact of cleaning speed on oxygen levels, revealing that higher speeds result in increased oxygen levels due
to dual heat sources—Ilaser beam and heat transfer from adjacent cleaned lines. The hatch parameter's role is
highlighted in controlling the overlapping ratio, where closer line spacing leads to more effective cleaning and reduced
surface oxygen content, while wider line spacing impedes cleaning between lines. Additionally, the study explores
the potential enhancement of wear rates through laser cleaning, with material roughness playing a critical role, and
notes that cleaned samples exhibit fewer defects in their microstructure compared to their uncleaned counterparts.
These findings contribute valuable insights to the field of laser cleaning and its applications in surface treatment and
material quality improvement.

Keywords: laser cleaning, aluminum 6061, oxide layer, roughness, wear.

1. Introduction

Nowadays, the aluminum alloy is a common material that widely used in industry due to its high strength,
light weight , good weldability and corrosion resistance, it has good application in fields of shipbuilding,
aerospace, and automobile [1-3]. However, aluminum has grate propensity to oxidize in the natural
environment, with an oxide thin layer forming on the surface which is possibly contain impurities [4,5].

As is well-known, cleaning technology is particularly important for traditional industry like pre welding
process in order to eradicate the contamination on the surface. Lately, there have been plenty of studies
focusing on laser cleaning technology and its efficacy [6-8]. The main purpose of laser cleaning is to remove
the oxide substrate on the metal surface. So, the cleaning of the oxide is generally identified by the oxygen
content [2]. Latterly, some studies showed that laser cleaning has a significant effect on welding.
Apparently, it could reduce welding defects with optimal laser cleaning parameters [9]. The laser cleaning
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technique is an interaction between laser light and the substrate; therefore, the binding force between the
substrate and the contaminant attached to the substrate surface is disrupted, and the contaminant on the
substrate surface is detached from the substrate surface by evaporation, vibration, and impact [10,11].
Noteworthy, the energy density of the laser was the key factor affecting the cleaning process and surface
quality In most cases, and the laser cleaning would cause an increase in surface roughness [12,13]. The
proper laser cleaning process parameters can remove the rusting and grease from the workpiece surface[ 14].
Additionally, scanning speed has a significant effect on cleaning by changing heat accumulation on the
surface of the rust layer [15,16]. When the roughness slightly increased with the laser power increasing also
pulse frequency.

This study aims to remove the oxide layer from the aluminum 6061 surface through laser cleaning by
using laser power, scanning speed, and line spacing (hatch) as variants of the cleaning process to examine
their effects on the cleaning rate and identify the best parameters for removing oxide layer also explore the
relationship between each variant and surface roughness.

2. Experimental procedures

In this study, aluminum alloy 6061 sheets (2 mm in thickness) were used as samples. The sample was
cleaned with ethanol and air-dried at room temperature. The chemical composition of 6061 Al alloy is
shown in Table 1.

Table 1. 6061 aluminum alloy chemical composition [17].

elements Si Fe Cu Mn Mg Zn Cr Al
experimental 0.6 0.36 0.2 0.05 0.95 0.04 0.13 Reminder
standard 0.4-0.8 <0.7 0.15- <0.15 0.8-1.2 <0.25 0.04- Reminder
04 0.35
Scanning head

Fiber

' Lens
L=/

|

Fig. 1: Schematic of laser cleaning system.
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Table 2. Main parameters of laser cleaning.

Parameter Symbol Value Units
Wavelength A 1064 nm
Average power P 10 w
Pulse width T 10 us
Pulse spot size d 200 um
Pulse repletion rate p.r.r 20 kHz
scanning speed \% 50-250 mm/s

For laser cleaning, a fiber laser was used in this research. The system was equipped with a galvanometric
scanning head, which controls the laser beam's motion in two directions, as shown in Figure 1. A special
computer software was used to control the scanning head and to input laser parameters of the cleaning
process, which are presented in Table 2.

For laser cleaning, different parameters were employed during the experiment, like speed, power, and
hatch (line spacing). A number of trial experiments were carried out before determining the requested
experiment range based on the criteria of avoiding the whiting (overheating) and ablation of base material
with the oxide layer. A laser cleaning procedure has been carried out on aluminum alloy 6061 to remove a
thin oxidation coating by manipulating different parameters with different values; laser power was varied
in the range of (1-6 )W, scanning speed (50,100,150,200,250)mm/s, and hatch (0.0005, 0.001,0.005,0.01)
mm. The laser used in this work was (ytterbium fiber laser). In order to study the effect of laser cleaning
aluminum alloy substrate, for surface characterization, scanning electron microscopy (SEM) was used. The
chemical compositions and the oxygen contents were characterized using an energy-dispersive
spectrometer (EDS). Also surface roughness of each sample was measured. Three positions of each sample
were selected to calculate the mean value. In order to clean the entire surface area, the special strategy was
based on the overlap in two dimensions depending on the scanning speed and frequency in the X axes and
line spacing (Hatch) in the Y axes, as shown in Figure 2.
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Fig.2: laser scanning strategy.

The overlapping rates of the X and Y axes can be calculated by using Egs. (1) and (2) respectively[18].

v/f

Ox = (1 N D+vt

) x 100 (1)
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Where v is the beam scanning speed,f is the laser repetition rate, D is the laser spot diameter at the focal
plane, 7 is the pulse duration, and p is the step size (hatch).

For Wear rate investigation, sliding wear resistance has been conducted by a pin on steel disk method.
The conditions through the tests were controlled to be: Normal force (N) = 5 N, speed of sliding (S) = 950
r.p.m, total sliding distance (D) = 65 mm, and time for the test were (5,10,15)min for each sample. Also,
the roughness rate was measured by the SRT-6210 roughness device before and after the laser cleaning
process.

3. Results and discussion
3.1. effect of laser power

Several power were employed from (1-10 )W. Primary results showed that the power below 1 W was
insufficient to influence the substance, with no reduction in oxygen content as well as no change in metal
surface appearance (brightness), and the power above 6W, the oxygen content increased significantly, and
an additional oxide layer formed with dark grey color and at maximum powers, the aluminum 6061 began
to vaporize causing engraving of the metal surface. The effective laser cleaning parameter was from power
3 W to 6 W as the result of EDX clarified, as shown in Figure 3. The reduction in oxygen content exceeded
5W when compared to the uncleaned aluminum. The optimal outcome was observed at a 3W power level,
a finding that agrees with the EDX mapping analysis in Figure 4; the mapping analysis of the aluminum
6061 surface shows oxygen content in green dots. Increasing the power above SW led to a subsequent rise
in the oxygen content, which was attributed to the formation of an additional oxide layer with a nanometer-
scale on the metal surface, as shown in SEM images in figure (5) [19,20].Hence, the material exhibited a
dark grey coloration at higher power levels.
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Fig. 3: surface oxygen content of the sample changes with cleaning power.
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Fig. 4: EDS Mapping of oxygen content on the surface at (a) 2 W, (b)3 W ,(c) 4W, and (d) reference
(no cleaning) the green dots are the oxygen particles.
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Fig. 5: SEM images for aluminum alloy 6061 A.as reserved B&C. different magnification for cleaned sample with
power 5W speed ,150mm/s and hatch 0.004mm.
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3.2. effect of laser cleaning speed

At low scanning speed (25mm/s) was not suitable for cleaning due to heat accumulation of aluminum, at
(50mm/s) the oxygen content started to reduce, and the optimum result was from (100-150)mm/s the
oxygen percentage was reduced by more than 40% from the uncleansed material, and then the oxygen
content start to raise again as shown in Figure 6.
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Fig 3 : Oxygen content change at different laser cleaning speeds.
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Fig.7: SEM images for aluminum alloy 6061 at high speed 400mm/s, power 3 W, and hatch 0.004 mm.

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies
Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL




IJL, Issue 1, Vol. 23, 2024

Beyond a speed of 400 mm/s, the cleaning process exhibited instability. Observations from the experiments
revealed that the laser-material interaction initially proceeded normally but then transitioned into an
aggressive interaction marked by sparks. This indicated the formation of an additional oxide layer, as shown
in Figure 7; these findings contradicted previous research, which suggested that increasing speed would
result in decreased energy absorption by the material because of the lower scanning speed of the laser; much
more energy is given to the surface. This energy is absorbed and transformed in phonons that increase the
material temperature [21]. We proposed that during laser scanning in a line pattern, high speeds introduce
two sources of heat to the line: the first comes from the laser beam itself, while the second arises from the
heat transferred from the previously cleaned adjacent line, effectively acting as a form of preheating for the
material.

3.3. effect of line spacing (hatch)

Different hatch values were used from (0.0005 to 0.01) mm. At the smallest hatch, the oxygen content was
high because of the high overlapping ratio, and it began to decrease by increasing the hatch value. At
(0.005), the O2 percentage started to rise due to the diminished overlapping, so some places in the specimen
will not be cleaned from the oxidation, as it is shown in Figure 8.
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Fig. 4. surface oxygen content changes with Hatch.

4. Roughness test

Surface roughness plays a substantial role in the absorption of incident light by the laser-colored aluminum
surface. This was due to the multiple reflections occurring within the hills and valleys of the surface, which
lead to enhance the absorption rate hence improvement in the weld quality. Figures 9, 10 and 11 Shows the
roughness test results for power, speed and hatch factor respectively . The roughness increases as the power
increased less roughness rate was obtained at power 1 W and the maximum roughness rate was at 6W power.
Regarding the influence of speed, for speeds below 100 mm/s, the roughness of the base material was lower
than that of the cleaned material. This behavior remained consistent for high speeds as well. The minimum
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roughness value was observed at a speed of 150 mm/s. About the hatch factor the roughness value was high
when the hatch was small because of high overlapping, and it became to decrease by increasing the hatch
till it reached nearly the same value as base material.
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Fig. 9: The roughness for different power of cleaning.
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Fig. 10: The roughness for different speeds of cleaning.
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Fig. 11: The roughness for different line spacing (hatch).

5. Wear test

The wear resistance test was carried out for power (10% and 60 %) speed(50 and 150 mm/s) and hatch
(0.0005 and 0.01mm). Also, the base material (without cleaning) was tested, and the samples were subjected
to the same load for a similar period of time; Figure 12 illustrates the wear test results. The wear mainly
increased with time increasing. The best result was at a power of 10 %, which is attributed to the low
roughness value, which has a direct relation with the wear rate. Similarly, at 150mm/s speed, the wear rate
was less than the base material due to the low roughness. The maximum wear rate was at 0.0005 mm hatch;
this may be related to a new oxide layer of aluminum alloy that formed due to high accumulated heat; this
oxide layer has low adhesion to the base material, which led to an increased depth of wear scar [22].
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Fig. 12: Wear rate for aluminum 6061 cleaned with different parameters.
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6. Conclusion

1. The key factor in the cleaning process is laser power, where higher power intensifies the laser-matter
interaction, resulting in increased oxidation removal from the surfaces of aluminum 6061.

2. These effective cleaning results were achieved using parameters such as 3W power, a hatch of 0.003, a
speed of 150 mm/s, and a spot size of 200 pm.

3. When cleaning at high speeds, oxygen (O-) levels increase. The explanation is that during laser scanning
in a line style, the high speed causes the line to receive heat from both the laser beam and the adjacent line
that was cleaned previously, acting as preheating for the substances.

4. The hatch parameter plays a significant role in the cleaning process by controlling the overlapping ratio
directly; closer line spacing leads to a higher overlapping ratio, resulting in more effective cleaning

5. Laser cleaning has the potential to enhance wear rate, with the extent of enhancement being directly
related to material roughness. The microstructure of cleaned samples exhibits fewer defects compared to
those left uncleaned.
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Abstract

Objective: The purpose of this in vitro study was to assess the efficacy of an erbium, chromium: yttrium scandium
gallium garnet (Er, Cr: YSGGQG) laser using photon-induced photoacoustic streaming (PIPS) in the agitation of irrigation
fluids in the complicated root system that infected with Enterococcus faecalis (E. faecalis).

Methods: The mesial roots of 90 recently extracted first and second lower human molars were separated, injected
with Enterococcus faecalis suspension (except for the negative control group samples), and cultivated for thirty days.
The samples were divided into five groups (n=15), first group acted as a positive control (inoculated untreated) (G1),
syringe irrigation groups were irrigated with 5.25% sodium hypochlorite (NaOCl) (G2) and 2% chlorohexidine
gluconate (CHX) (G4), laser groups were irrigated by 5.25% NaOCI1 (G3) and 2% CHX (GS5) with Er, Cr: YSGG laser
activation at 700 us, 5 Hz, (0.25, 0.5, 0.75, 1, and 1.25) W. AFM, or atomic force microscope, was employed as a
novel technique to obtain data in the isthmus region. A scanning electron microscope (SEM) was also used in the
study to confirm the results obtained from an atomic force microscope parameter. Statistical Package for Social
Sciences (SPSS) software was used to collect and analyze data, and the study groups' means were compared using
analysis of variance (ANOVA).

Results: After the results were statistically analyzed, the laser group with 2% chlorohexidine gluconate and 5.25%
sodium hypochlorite showed a significant decrease in surface roughness than the syringe irrigation and the positive
control groups (p<0.05).

Conclusions: Based on the investigation's findings, the agitation of 2% chlorohexidine gluconate solution by Er,
Cr: YSGG laser in photon-induced photoacoustic streaming at 1 W offers a better mechanism for bacterial biofilm
removal than the conventional treatment technique. Whereas activation of 5.25% sodium hypochlorite with low-power
laser at 0.25 and 0.5 W increased its efficacy.

Keywords: Atomic force microscope, 2% chlorhexidine gluconate, Enterococcus faecalis biofilm, Er; Cr: YSGG
laser, sodium hypochlorite.

1. Introduction

The most well-known cause of root canal therapy failure is the continuation of intra-radicular infection due
to inadequate bacterial clearance (Dioguardi et al., 2019). Microorganisms may survive even in fully
managed teeth in dentinal tubules, canal irregularities, deltas, and isthmus regions (Nair, 2004). The isthmus
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is a communication between two or three root canals with pulp tissue within them. Its anatomic complexity
results in challenging debridement. The prevalence of isthmus in the mesial roots of permanent lower
molars ranges from 80.6% to 100% on complete root investigation (Natanasabapathy et al., 2021). The
purpose of the irrigating solutions is to clean and disinfect the portions of the root canal system that have
skipped instrumentation because more than half of the root canal walls have remained untouched after canal
instrumentation (Peters et al., 2001).

The most commonly used antibacterial irrigation solutions are sodium hypochlorite (NaOCI), which is
an efficient organic solvent as well as a powerful antibacterial agent (Cullen et al., 2015), and chlorhexidine
gluconate (CHX), which is a broad-spectrum antibacterial fluid that works to combat both gram-positive
and gram-negative bacteria as well as yeasts (Abdelgawad et al., 2020). However, the isthmus regions are
not accessed by instruments and may not be reached by irrigation solutions due to restricted penetration
and diffusion of the irrigation solution, so the microorganisms may persist in these regions (Berutti et al.,
1997). As a result, it is critical to work on novel strategies to ensure irrigation fluid reaches inaccessible
places, thereby improving endodontic outcomes. Recently, the laser photon-induced photoacoustic
streaming (PIPS) technique was introduced to activate the irrigation solution for improving root canal
disinfection and cleaning (Rasheed and Jawad, 2021). This technique is used by an Erbium laser family in
sub-ablative settings. An erbium, chromium: yttrium scandium gallium garnet (Er, Cr: YSGQ), is a type of
water-absorbing laser widely used in endodontics (Al-Karadaghi et al., 2015). Many factors are known to
influence PIPS effectiveness, including the irrigant used, the canal dimensions, the area to be disinfected,
and laser settings (Zhu et al., 2013). In this investigation, atomic force microscopy (AFM) was used to
evaluate biofilm removal, which is a computer-driven mechanical microscope that can report surface
roughness values quantitatively and provide high-resolution three-dimensional topographical imaging of
biological samples.

This method has been commonly used to examine the mechanism of antimicrobial activity on bacteria,
and it is a helpful instrument for biologists (Gadegaard, 2006). Lopez-Jiménez et al. used AFM to examine
the changes on the surface of E. faecalis after treatment with Erbium laser and diode lasers and concluded
that AFM is a useful tool for determining microbial survivability as a measure of antimicrobial efficacy
(Lépez-Jiménez et al., 2015). While Kumar et al. assessed the efficiency of laser activation of sodium
hypochlorite in eliminating multispecies biofilms from the mesial root of permanent molars using confocal
microscopic imaging and found that the laser agitation displayed effective isthmus cleaning (Kumar et al.,
2022).

The goal of this investigation was to assess the efficacy of Er, Cr: YSGG laser in PIPS by agitation of
irrigation fluids in the isthmus, which was infected with a mature bacterial biofilm.

2. Materials and Methods

The Helsinki Declaration was considered in this study. The procedures utilized in this investigation obtained
ethical approval. (BU-2022-488).

2.1 Selection and preparation of samples

90 recently extracted first and second lower human molars with an isthmus in the mesial root were chosen
from a group of 100 molars (patients aged 23 to 40 years old). The teeth were collected from November 2022
to June 2023 at Martyr Dr. Wassim Dental Specialist Center/ Department of Oral Surgery. The reason for
extraction was pulp pathology. All collected molars were imaged using cone-beam computed tomography
and samples that have a continuous isthmus between the mesiobuccal and mesiolingual canals were selected
(Figure 1) (Bago et al., 2023). Then all samples were kept in plastic tubes containing saline water and 0.1%
crystals of thymol (Lab Grade, Lab Alley, Texas, USA) until the experiment’ day.
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Fig.1. A CBCT image of a lower molar mesial root shows the isthmus between the
mesiolingual and mesiobuccal canals.

The working length (WL) was determined by sighting the file tip through the apical foramen and subtracting
1 mm from the observed file length (Kumar et al., 2022). All canals were instrumented to this working length
up to size 25/.04 NiTi engine files (X3 Never Break, Easy smile Co., USA) at speed (300 rpm) and torque (2
Ncm), as suggested by the manufacturer (Kimura et al., 2020). 5.25% NaOCI (Cerkamed, Poland) was
delivered after each file size during the preparation process using an irrigation needle with side opening (Endo-
Top, Hang Zhou Endo-Top Co., China). One ml of 17% EDTA (Cerkamed, Stalowa Wola, Poland) was
utilized as the last irrigant, and it was kept inside for three minutes. During this time, the solution was
stimulated for 30 seconds with an ultrasonic instrument (Guilin-Woodpecker Co., China).

The residual irrigation solutions were then removed by rinsing all of root samples with five milliliters of
distilled water (Pioneer-Company, Iraq). cotton pads were used to clean the root's surface, and paper points
were used to dry the canals (Sure endo, Sure-Dent Corporation, Korea) (Parente et al., 2010). All roots were
separately inserted in Eppendorf tubes (Lab-Serv et al., India) and sterilized for 20 min at 121°C and 15 psi
pressure.

2.2 Bacterial inoculation

E. faecalis colonies were obtained from an agar plate (Himedia, Mumbai, India), which was previously
streaked by bacteria. Then activated by placing them in brain heart infusion (BHI) broth (Himedia, Mumbai,
India) for 24 h. The obtained suspension was then subject to a series of dilutions to obtain suspension equal
to the standard of McFarland (1.5 x 10 ® CFU/ml) (Cheng et al., 2012).

The bacterial suspension was introduced into the root canals (except for 15 roots, which act as a negative
control) using a 30 gauge irrigation needle until the canals were filled completely (Cheng et al., 2016). After
that, each root specimen was placed in an Eppendorf tube and submerged in 1.5 ml of BHI broth. All sample
containers were maintained under aerobic conditions at 37°C for 30 days. To ensure the availability of living
bacterial cells during the incubation period, re-inoculation of the canals with the suspension was done every
three days. The BHI was also replaced every day with a fresh one to provide good nutrition.

2.3 Treatment groups

At the end of the incubation time, an injection needle was used to remove the liquid medium from the tubes,
and each root sample was subjected to multiple processes, including cleaning the samples' surfaces with sterile
cotton pads dipped in 5.25% NaOCI. The samples were then placed in plain tubes filled with impression
material (Kro-malgin, Vannini-dental, Italy) for easier handling. In pilot study, the laser pulse repetition rate
was examined with different values (5, 10, and 15 Hz) and 5.25% NaOC]l used as an irrigant. The results were
obtained by the traditional colony formation unit (CFU). Finally divided randomly into five groups:
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G1: The positive control group (n=15)
The samples of this group did not get any sort of therapy.

G2: 5.25% NaOCl+ syringe irrigation (SI) group (n=15)
The sample’s canals were irrigated with 1 ml of 5.25% NaOCI delivered by 30-gauge irrigation needle and
kept inside the canals for 2 min, then washed with 5 ml of distilled water.

G3: 5.25% NaOCl + Er, Cr: YSGG laser group (n=15)

The sample’s canals were irrigated with 5.25% NaOCl and kept inside the canals for 2 min, throughout this
time, the fluid was activated by a 2780 nm Er, Cr: YSGG laser (Biolase, Waterlase, CA, USA) at 700 ps, 5
Hz according to the pilot study, and (0.25, or 0.5, or 0.75, or 1, or 1.25) W for 60 seconds, three samples for
each power. The laser was activated for 30 sec of (on) time, followed by 30 sec of (off) time, which was
repeated twice (an overall duration of 60 sec). The canals were then rinsed with 5 ml of distilled water.

G4: 2% CHX +SI group (n=15)
An irrigation needle (30 gauge) was used to deliver 2% CHX irrigant in to the canals and kept inside the root
canals for 2 min, then rinsed with 5 ml of distilled water.

G5: 2% CHX+ Er, Cr: YSGG laser group (n=15)

The sample’s canals were irrigated with 2% CHX and kept inside the canals for 2 min, within this period, the
irrigant was activated by a 2780 nm Er, Cr: YSGG laser for 60 sec at the same settings of the previous laser
agitation group (G 3). The laser was activated for 30 sec of (on) time, followed by 30 sec of (off) time, which
was repeated twice. The canals were then rinsed with 5 ml of distilled water. Prior to laser activation, infrared
laser safety glasses (Innovative-Optics, Hemlock, USA) were worn. A new design water Lase iPlus /MD tip
(MZ6 tip diameter = 600 m, length = 6 mm) was utilized.

The settings of water and air spray of the laser unit were both set to (off). The tip was placed just inside the
canal opening, stayed fixed, and was not moved apically into the root canal during the procedure.

3. Preparation of the samples for AFM and SEM observation
In order to keep tooth-cutting debris out of the canals and isthmus, proper-sized paper points were put in the

root canals. All roots were marked and cut longitudinally with a double-face diamond disk. A middle area of
the isthmus area was marked for observation by the AFM (Nanosurf, Liestal, Switzerland) (Figure 2).

@

Fig. 2.Root sectioning for AFM inspection: (a) a longitudinally divided root sample; (b) the center portion
of the isthmus is marked on one root division prepared for the AFM observation.
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The remaining halves of the roots were mounted on an aluminum base and metalized with a gold covering by
vacuum evaporation, then a scanning electron microscope (SEM) (Inspect F-50, FEI Electron Optics
International B.V., Netherlands) was used to examine the samples at 13 000 magnification power.

4. Statistical analysis

The Statistical Package for Social Sciences (SPSS) version 21 (IBM, Armonk, USA) was used to analyze the
data. It was presented as a mean, and categorical data was represented by the standard deviation. The means
of the tests were compared using analysis of variance (ANOVA). The least significant difference (LSD) test
was used for calculating the significant differences among the tested means. Letters (A, B, C, D, E, and F)
demonstrated the levels of significance, the letter (A) being the most significant and decreasing with the last
one. Identical letters indicate that there are no significant variances in the measured means. p>0.05 results
were regarded statistically not-significant, whilst p<0.05 was considered a significant value.

5. Results

Relatively low peaks and shallow valleys can be seen on the exterior of the uninoculated isthmus surface in
figure 3 three-dimensional (3D) AFM image. The infected isthmus surface was depicted in figure 4 using an
AFM image that had high peaks and low valleys. Also, a three-dimensional image of the isthmus surface after
treatment with 2% CHX agitated by laser PIPS at 1 W showed a bumpy surface with round peaks and a few
shallow valleys (Figure 5).

Z-Axis - Scan forward  Palynomial fit

m

Potynomial ® 99 7y

Fig.3. Three dimensions AFM image of uninoculated isthmus area about 6 mm away from the apex.

The root mean square roughness (Sq.) values that were measured for all groups samples were statistically
analyzed and then compared to each other by ANOVA. The isthmus surface roughness was different among
all groups under study (p<0.05). The lowest root mean square value was presented in the 2% CHX group that
agitated by laser PIPS at 1 W (G 5), followed by 5.25% NaOCI group that agitated by laser PIPS at (0.25 or
0.5) W (G 3), 5.25% NaOCl+ SI group (G 2), and 2% CHX + SI group (G 4) respectively. The highest root
mean square value was presented in the positive control group (G1).
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2-Axis - Scan forward Polynormal fit

Polynomial # 1 17um

Fig. 4. Three dimensions image of the isthmus surface after inoculated with the bacteria suspension for 30
days.

Z-Rous - Scan forward  Palpnomual §§

Potyresal B T35

Fig.5. Three dimensions image of the isthmus surface after treatment with2% CHX agitated by laser PIPS at
1 W.

There was no significant difference found between the laser agitated at (0.25 or 0.5) W with NaOClI in this
regard. The results of all test groups are shown in tables 1, 2, and 3 and in Figures 6 and 7.

Before the treatment, field emission scanning electron microscopy (FE-SEM) pictures were obtained at a
distance of roughly 6 mm from the apex. These images showed that the isthmus surface was covered with
debris and a thick layer of biofilm (Figure 8 a). On the other hand, after the CHX and laser treatment at 1 W
SEM images showed a clean surface with open dentinal tubules (Figure 8b).
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Fig. 8. FE-SEM 13 000 magnification of the isthmus about 6 mm away from the apex (a) A positive control
specimen (b) The same isthmus area after irrigated with 2% CHX + PIPS at 1 W.

Table 1.Means and standard deviations of root mean square values obtained from all samples treated
with 5.25% NaOCI, means compared by one-way and two-way ANOVA.

Tested groups /5.25% NaOCI Sq (root mean square) nm P value
Negative control 17.73£3.9
Positive control (G 1) D 0.001
567.6£26.2 HSIG
B
0,
5.25% NaOCl + SI (G 2) 333.0422.1
Laser group + 5.25% NaOCI (G 3)
0.25 W, 700 pis A
w3 W, TET I 190.6+8.9
A
0.5 W, 700 ps 195.5414.2
C 0.001
0.75 W, 700 us 473427 8 HSIG
B
1'W, 700 ps 328.8+12
E
1.25 W, 700 ps 682.6+16.2
P value 0.001

Abbreviations: Sq.: Root mean square roughness nm: Nanometer NaOCl: Sodium hypochlorite SI:
Syringe irrigation W: Watt (unit of power), pus: Microsecond HSIG: Highly significant P value: Probability
value
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Table 2. Means and standard deviations of root mean square values obtained from all samples treated with 2% CHX,

means compared by one-way and two-way ANOVA.

Tested groups /2% CHX Sq (root mean square) Nm P value
Negative control 17.73£3.9
F
Positive control (G 1) 0.001
567.6£26.2 HSIG
E
(1)
2% CHX +S1(G 4) 453.0434.1
Laser group +2% CHX (G 5)
0.25 W, 700 us b
> W, IR 320.3+14.8
C
0.5 W, 700 s 251.7428.5
B 0.001
0.75 W, 700 us 228.6:26.3 HSIG
A
1'W, 700 ps 166.4+11.6
B
1.25 W, 700 ps 201.2412.9
P value 0.001

Abbreviations: Sq.: Root mean square nm: Nanometer CHX: Chlorohexidine gluconate SI: Syringe irrigation W:
Watt (unit of power), us: Microsecond HSIG: Highly significant P value: Probability value

Table 3. Means and standard deviations of root mean square values obtained from all samples treated with 2% CHX
and 5.25% Naocl with laser agitation, means compared by one-way ANOVA.

Laser groups / 700 ps/pulse / Sq. (root mean square) nm

Tested groups 2% CHX 700 ps/pulse (G 5)

5.25% Naocl 700 us/pulse (G 3) P value

0.25W 320.3+14.8
0.5W *251.7£28.5
0.75 W *228.6+£26.3
1w **%166.4x11.6
1.25W *201.2£12.9

**190.6+8.9 0.001
**195.5+14.2
473+£27.8
328.8+12
682.6+16.2

* ) kX Ex* Significant groups
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6. Discussion

Isthmuses act as a considerable challenge area for root canal cleaning and obturation; their ribbon shape,
size, and extension laterally from the main canal make mechanical instrumentation impossible (Robberecht
et al., 2023). So, irrigant solutions used during root canal preparation should be able to penetrate the entire
root canal system for better endodontic outcomes and prognosis (Kumar et al., 2022). The current study
showed how the efficiency of removing the biofilms from isthmuses was influenced by the laser agitation
mechanism. In many past studies, molecular and culture methods have been used to determine the number
of live bacteria in the root canals (Hoedke et al., 2021). Additionally, the viability of microorganisms in the
lateral canals, isthmus, and root canal walls can be determined using a confocal laser microscope (CLSM)
(Kumar et al., 2022). An atomic force microscopy (AFM) tool was used to examine the samples because it
is easy to apply, precise, and available. The topography of the surface of the isthmus was studied by
analyzing of surface roughness and particle size. Surface roughness analysis was characterized by
calculating the height parameters including maximum height parameter (Sz.), root mean square roughness
parameter (Sq.), and average roughness parameter (Sa.). In the present investigation, (sq.) was the
dependent variable, which is regarded to be more sensitive to considerable deviations from the mean line
than average roughness (Kumar and Rao, 2012).

According to the data, the isthmus surface that was not infected with bacteria had a computed root mean
square value of extremely low (17.73+3.9 nm), whereas the surface after mature biofilm formation had a
significantly higher sq. value of around (567.6+£26.2 nm) (p<0.05). The surface's increased roughness
indicates that the biofilm growth produced a rougher and more irregular surface. The measured sq. value
of the samples that were treated with 2% CHX and Er, Cr: YSGG laser at (700 ps/pulse, 5 Hz, 1 W) of
about (166.4+11.6 nm) is significantly less than the values measured after other methods (p<0.05). This
indicates that laser PIPS agitation was a more successful method than other conventional techniques in
minimizing the amount of E. faecalis biofilm on the isthmus surface.

PIPS is an advanced laser-agitation irrigation technology in which laser photons are generated at low energy
levels and with short microsecond pulse durations. This enables lateral propagation of the shock wave in
fluids at sub-ablative levels via photoacoustic and photomechanical phenomena. This eliminates the risk of
thermal damage and enables effective three-dimensional streaming (Olivi and DiVito, 2016).

The laser PIPS technique is achieved by absorbing the laser energy by the irrigation fluid that fills the
root canals, and without this absorption, no laser action is achieved. Therefore, the wavelength of the used
laser must be near to the peak of the strong absorption of the material (Frayssinous et al., 2018). 2780 nm
Er, Cr: YSGG laser are well-absorbed by water chromophore (Rand kareem Jassim, 2022). So high
absorption of this laser energy is ensured by the irrigation solution used in this study, and a strong pressure
and shockwaves propagate three-dimensionally within the root canal systems that are filled with fluids
(Olivi and DiVito, 2016). Therefore, the irrigants can reach the difficult-to-access areas without needing to
put the tip near the morphologically thinning apical third.

As it is known, the sodium hypochlorite irrigant is effective in the removal of bacterial biofilm, so a
low-power laser was enough to improve its efficacy (Al Shahrani et al., 2014), which reflected in a decrease
in the surface roughness at 0.25 and 0.5 W about of (190.6£8.9 and 195.5+14.2 nm). While, the CHX
irrigation solution has low efficacy in removing biofilm (Clegg et al., 2006). So higher power is required
not only to pump the liquid by generating a shock wave but also to create stronger cavitation, which makes
the bacterial cell membrane weaker and easier for irrigants to enter (Gu et al., 2009). However, the resulting
photomechanical phenomena worked to increase the effectiveness of irrigation solutions in disrupting the
bacterial biofilm. The irrigation syringe becomes more efficient in conventional treatment when the needle
end gets closer to the working length (Boutsioukis and van der Sluis, 2015). While, in laser PIPS agitation,
the tip of laser device is not placed inside the canal and is restricted to coronal access in the canal orifice.
Therefore, the PIPS technique allows minimum root canal preparation in order to retain healthy tooth
structure, according to the minimally invasive endodontics (MIE) approach (Anjum et al., 2019) while
ensuring that the irrigants can reach hard-to-reach areas. The SEM images revealed a large part of the
isthmus surface and dentinal tubules as being free of bacterial biofilm after treatment with the laser agitation
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method. This confirms the results obtained from AFM analysis and proves that the laser agitation is very
effective in removing the biofilm from these areas.

The present study results are in a good agreement with many studies that tested the antimicrobial effect

of Er family lasers and obtained similar results. Sahar-Helft et al. (Sahar-Helft et al., 2013), examined the
actions of 2% CHX and Er: YAG using LAI on Enterococcus faecalis biofilm reported that the total number
of microorganisms dramatically decreased after being treated with LAl and CHX. While, Aydin et al.
(Aydin et al., 2020), compared the antimicrobial effects of sodium hypochlorite and 2% CHX irrigants
agitated by Er, Cr: YSGG laser (LAI), and discovered that activating NaOCl and CHX irrigation fluids with
Er, Cr: YSGG pulsed laser can be effective in the eradication of E. faecalis bacteria from the canals.
This experiment was limited by the possibility of tiny fragments forming during the cutting stage, which
could raise the surface roughness rating. So, a paper point was inserted into the canal to keep debris out of
the isthmus during the cutting process, however, this helped to lessen this disadvantage. Further limitation
that could impact the results is the anatomical variance in the isthmus area of the chosen teeth.

7. Conclusions

In conclusion, the data given in this study indicate that Er, Cr: YSGG laser agitation improve the removal
of microbial biofilm more than standard irrigation methods delivered by irrigation syringes. Furthermore,
this laser had improved the effect of 2% CHX at a power value of 1 W, while agitation of 5.25% NaOCl by
low-power laser at (0.25 and 0.5 W) was improved the sodium hypochlorite efficacy against the mature
biofilm.
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Abstract

Background: Gingival fibromatosis (GF) is an expansion of the gingiva’s connective tissue. Appeared during the
onset of teeth eruption and postponed it. In order to remove this fibromatosis, a scalpel, electrocautery, or laser surgery
is recommended.

The objective of the study: is to evaluate the efficacy of a diode laser (976 nm) and its comparative benefits in
the management of gingival fibromatosis, as opposed to a scalpel.

Material and method: Forty patients who complained of functional and esthetical problems due to delayed eruption
were divided into two groups, one for surgical treatment with conventional scalped and another one for surgical
treatment with diode laser. Follow-up visits are scheduled on the third day of treatment, 1, 2, and 4th postoperatively.
Clinical assessment is done by monitoring intra-operative bleeding, pain through the first week of treatment, functional
interference, and clinical healing in follow-up visits. Overall satisfaction for patients and their parents was taken at
the end of the treatment visits. The t-test and the Chi-square test were utilized as statistical methodologies for
conducting data analysis.

Results: No or self-limiting bleeding in the laser group, lesser pain, and function interference in the laser compared
with the conventional scalped group. Better clinical healing with the laser group through the first 2 weeks than with
the scalpel group; all in each group cases achieve excellent healing at the 4th week postoperatively. All patients and
their parents are very well satisfied with the outcomes.

Conclusion: Diode laser is preferable in surgical conducting of gingival fibromatosis to minimize postoperative pain
and discomfort, enhance healing, and, ultimately, premium outcome.

Keywords: Delayed eruption, diode laser, gingiva, fibromatosis.

1. Introduction

Gingival fibromatosis (GF) is infrequent, benign, non-hemorrhagic fibrous growth of gingival tissue.
Proliferative fibrous gingiva expansion throughout development causes cosmetic, functional, and
masticatory oral cavity abnormalities and psychological pain (Ramakrishnan and Kaur, 2010). It frequently
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begins around the time of permanent dental eruption and less frequently around the time of primary
dentition eruption. If the expansion occurs prior to tooth eruption, thick fibrous tissue may impede or
prevent tooth emergence (Dhadse et al., 2012). Typically, it aligns with the emergence of permanent
incisors (Gongalves et al., 2018). It may be broad or localized, and its intensity can vary (Gandhi et al.,
2018) GF may manifest as “hereditary gingival fibromatosis (HGF)”, which can manifest as a standalone
entity or as part of a genetic illness or syndrome, or as “idiopathic gingival fibromatosis” (Gawron et al,
2016), Clinically, gingival tissues are often of normal hue, non-bleeding, firm, fibrotic consistency, and
profuse stippling (Oubenyahya and Fighi, 2021).

Gingivectomy with an internal or exterior bevel incision is the recommended therapy for GF (Hakkinen
and Csiszar, 2007). Selecting of surgical approach depends on the age of the patient and the stage of the
eruption, external bevel excision is preferred in child patients and incomplete eruption, while the internal
bevel is preferred when the eruption of teeth is complete at the optimal time of treatment variable, but the
negative effect of fibromatosis on patients psychology and function suggesting to do treatment at earlier
age. Radiography indicated two-thirds of the root developed, suggesting to parents that surgery may fix the
issue (Almifiana-Pastor et al., 2017). Traditionally, the conventional scalpel and electrocautery have been
the instruments of choice for surgical removal of gingival enlargement (Gontiya et al., 2011).

Laser surgery is novel because it allows the operator more control and provides a clean, hemostatic
operating area, good cutting capacity, minimal tissue damage, minimal or no anesthesia, less oema, and less
postoperative discomfort than previous methods (Beer et al., 2012). Few studies on the use of diode laser
treatment have been reported in the literature. Camiloti et al. used a diode laser in the treatment of a seven-
year-old girl suffering from generalized gingival fibromatosis on both arches. The patient received
treatment well, reporting just minor pain throughout the first week (Camilotti et al., 2015). Aboujaoude and
colleagues employed a diode laser and a scalpel to manage hereditary gingival fibromatosis in a pediatric
patient aged six years. Generalized gingival fibromatosis was surgically removed from the patient's anterior
area. The posterior portion employed an 810 nm diode laser. Reported that the diode laser method improves
visibility, gingival contouring, and post-operative pain and discomfort. Diode lasers were expensive and
time-consuming (Aboujaoude et al., 2016).

This study proceeds to compare a conventional scalpel and diode laser (976) in the treatment of gingival
fibromatosis.

2. Material and method

The sample of the present study is forty patients (16 female and 24 male) ranging in age from 7 to 12 years
old. They came to the pediatric departments of different specialized dental centers in different Iraqi health
provinces with complaints of severe function interference. Clinical oral examinations determined gingival
fibromatosis surgery for all patients. Some people undergo traditional surgery. The study involved the
categorization of patients into two groups, namely Group A and Group B. Group A comprised 20 patients
who underwent conventional surgical treatment using a scalpel (blade no. 15), while Group B consisted of
20 patients who received treatment using a diode laser at 976 nm (SOLASE). The research was conducted
between December of 2021 and October of 2022. Patients with systemic diseases and mentally retarded
patients were excluded from this study.

Complete medical and dental history, in addition to the assigned permission form, are taken from the
patient’s parents. Patients had pre-procedure X-rays. Chlorohexidine mouthwash was used as an intraoral
antiseptic for approximately 30 seconds. Topical anesthesia was applied before injection of local anesthesia.
Deep infiltration anesthesia with 1.2 mL cartilage containing (2% lidocaine and 1:80.000 of epinephrine)
was given surrounding the fibromatosis. The borders of the lesion were demarcated with the diagnostic
probe.

In group (A), the fibromatosis was resected completely with a scalpel, and the crowns of the involved
teeth were discovered. Normal saline was utilized for irrigation at the operation site. The bleeding surgical
margin was covered with gauze, and asked the patient to press until the bleeding was off. See Figure 1.
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In group (B), firstly, the fiber tip was initiated to retain heat by fusing a thin layer of pigment, such as
articulating paper on the end. The thermal energy will be concentrated in the thin absorbent material so
there is less collateral damage, enhancing lesion excision and tissue thermal contact. To reduce beam
reflections, all workers wore protective goggles, removed bright medical devices, jewelry, watches, etc.,
from the operation field, and controlled airborne pollution. The fibromatosis was resected in one piece by
using a diode laser (976) in continuous wave mode and power 2.5W with a fiber tip perpendicular to the
peripheral of the lesion until the lesion can be lifted easily from the crown of the tooth. The surgical site
was left uncovered, as there was no bleeding, as illustrated in Figure 2.

Fig.1: Surgical blade excision technique of gingival fibromatosis in left central incisor region for the 9-year-old female
patient: (a) Pre-operative clinical feature, (b) Pre-operative per apical radiograph, (c) Immediately postoperative view
and (d) Complete healing and eruption of the affected tooth after four weeks post-operatively.
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For histological confirmation, all specimens were kept in 10% formaldehyde. To avoid subsequent
infection, Patients are instructed to gargle twice a day with 0.12% chlorhexidine and given ibuprofen syrup
as needed. All patients were monitored on the third day, then 1-2and4 weeks postoperatively for clinical
evaluation. Clinical evaluations were done for the severity of bleeding noticed during and immediately after
the procedure (1=no bleeding, 2= self-limiting, 3= required pressure, 4=required coagulation) (Musaa et
al., 2017). The severity of pain by using a verbal rating scale (VRS) through the first week postoperatively
(0 = no pain, 1= considerable discomfort). (2 = Moderate pain, 3= extreme pain) were written on a form
for patients to fill out anytime they felt pain (Hjermstad et al., 2011). Clinical healing (healing index by
Landry et al.: 1= very poor healing, 2= poor, 3= good, 4= very good, 5= excellent) & function interference
(0=no interference, 1= mild interference, 2= moderate interference, 3= severe interference) evaluated in
follow up visits (.Aldelaimi and Khalil, 2015). At the end of the follow-up, the overall satisfaction of
patients and their parents about the outcome was evaluated (poor (%): 0-25, fair (%): 26-50, excellent (%):
51-75, excellent (%): 76—100) (.Aldelaimi and Khalil, 2015).

» S

(d)

Fig. 2: Laser excision technique of gingival fibromatosis in central incisor region for 9-year-old male patient: (a) Pre-
operative clinical feature, (b) Pre-operative per apical radiograph, (c) Immediately postoperative view and (d)
Complete healing and eruption of affected teeth after four weeks.
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3. Statistical analysis

Statistical P package for Social Sciences (SPSS) version 21 is used to interpret the data. Mean, standard
deviation and ranges are provided. Frequencies and percentages show categorical data. Independent t-tests
compared continuous variables. When the expected frequency was less than 5, the Fisher exact test replaced
the Chi-square test to establish the link between provisional diagnosis and particular data. 0.05 Or less was
significant.

4. Results

This study included 40 patients (16 female and 24 male). They ranged in age from 7 to 12 years. Table (1).
They all had surgical resection of gingival fibromatosis either by a surgical blade or diode laser. They were
allocated equally in two groups. In the laser group, 18 patients had no intraoperative bleeding, and only 2
patients had just self-limited bleeding, while in the surgical blade group, all 20 patients had intraoperative
bleeding and required pressure. As in (Table 2). Postoperative pain scores differed significantly across
approaches. The laser group had lower first-day discomfort than the surgical blade group (only 45% of
patients scored mild pain in the laser group vs. 25% scored mild and 75% scored moderate in the surgical
blade group).On the second day (15% mild pain in the laser group vs. 35% mild Pain in the surgical blade
group). Both laser and surgical blade groups had no pain on other days. (Table 3). The clinical healing was
significantly higher in the laser group compared to the surgical blade group on the third day (5% of patients
scored Very poor healing in the laser group vs. 45% in surgical blade group), first week (15% of patients
scored good healing vs. 0% in laser groups), in the second week (85% scored very good healing with laser
vs. 15% in surgical blade group).

Table 1. Distribution of study patients by age and gender.

Demographic Data Study groups
Mean * Sd
Surgical blade group Laser Group
Age (Years) 8.7+1.2 8.5+1.1
Gender N (%) N (%)
Male 13(%56) 11(%55)
Female 7(%35) 9(%45)

Table 2. Percentage distribution of patients according to intraoperative bleeding score by study groups.

Bleeding Score N (%)

Study groups

None Self-limiting ~ Required pressure ~ Required coagulation Required Ligation
Laser Group 18 2
Patient No.(20)  (90%) (10%) 0(0) 0(0) 00)
Surgical blade 20
group Patient 0(0) 0(0) (100%) 0(0) 0(0)
No. (20) ’
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Table 3. Comparison between the study groups by means of postoperative pain score through
seven days from operation time.

Postoperative Pain Mean * Sd
Study Groups
15t day 2" day 3rd 4th 5th 6t 7day
Group A 1.25+0.4 0.35+0.4 0+0 0+0 O0+0 O0+0 0+0
Group B 0.45+0.5 0.15+0.3 0+0 0+0 O0+0 O0%0 0+0
P value 0.001 0.05 - - - - -

There is no significant difference in the fourth week (Table 4). A statistical difference was found between
the study groups in regard to postoperative function interference score. The function interference score was
significantly higher in the surgical blade group as compared to the laser technique on the third day (in the
laser group: 25% have no function interference, 45% and 30% moderate vs. 65% mild interference, 25%
moderate and 10% severe in surgical groups), first week (in laser groups 40% scored no function
interference and 60% mild function interference vs. 20% no interference, 70% mild and 10% moderate in
surgical laser group). Both laser and surgical blade techniques had no function interference in the second
and fourth weeks (Table 5). Regarding Patient satisfaction scores, there was no significant difference
between study groups. 100% of the laser group and 95% of the surgical blade group reported excellent
satisfaction. (Table 5).

Table 4. Comparison between the study groups by means of clinical healing
score at three days, one week, two weeks, and four weeks.

. Study groups
Healing P value
Group A Group B
Mean * Sd Mean * Sd
3 days 1.55+0.5 1.85+0.4 0.01 SIG
1 week 2.15+0.4 2.85+0.4 0.01 SIG
2 week 3.1£0.5 3.85+0.4 0.01 SIG
4 week 5+0 50 NS

Table 5. Comparison of function score after three, one, two, and four weeks
following surgery across study groups.

Study groups

Function Surgical blade group Laser Group P value

Mean * Sd Mean * Sd
3 days 1.45+ 0.7 1.05+0.8 0.03 SIG
1 week 09+0.6 0.6+ 0.5 0.05 SIG
2 week 0+0 0+0 --
4 week 0+0 0+0 --
P value 0.01 SIG 0.01 SIG
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Table 6. Overall satisfaction at the end of the follow-up visit.

Study groups
Overall satisfaction - P value
Surgical blade group Laser Group
Poor (0 — 25)% 0 (0) 0(0) -
Fair (26 — 50)% 0 (0) 0 (0)
Good (51 —75)% 1(5) 0(0) Ns
Excellent (76 — 100)% 19(95) 20(100) Ns

5. Discussion

Laser technology and its applications in dentistry are evolving rapidly. Oral soft tissue surgery might
employ diode lasers with wavelengths from 810 to 980 nm in Continuous or pulsed mode. Diode laser
photothermal action removes oral mucosa lesions by excision or ablation/vaporization (Desiate et al., 2009).
In photothermal, tissue absorbs radiant light and converts it to heat energy, hence altering tissue structure.
When suitably administered, laser-tissue interaction may induce responses ranging from incision,
vaporization, and coagulation (Kishen et al., 2007). Hemoglobin and melanin chromophores absorb the
wavelengths of the diode laser more than dental hard tissue. Hence, it has selective action and can be used
safely in cutting, blood coagulation, ablation, or vaporizing soft tissue near the dental structure with reduced
damage and better recovery (Derikvand et al., 2016). The objective of the study is to characterize the
efficiency of diode laser and assess its advantage over conventional surgical blade techniques for the
treatment of gingival fibromatosis. The study depended on different clinical criteria that included
intraoperative bleeding, postoperative pain and discomfort, clinical healing, function interference, and
overall satisfaction. The result of this study suggests that diode laser surgery was effective in the treatment
of gingival fibromatosis.

In this study, the definitive excision of fibromatosis was performed in a hemostatic field with good
visibility in the laser group, whereas in the surgical blade group, visualization was hampered by bleeding,
necessitating the application of pressure and dressing to the surgical site for coagulation. The temperature
of soft tissue was raised by laser light. 60 C Causes coagulation. This is crucial to laser surgery. Photo-
coagulation instantly denatures proteins, enzymes, and other bioactive compounds. Tissue collagen shrinks
due to molecular changes. Irradiated tissue constricts against the proximal vasculature and shrinks blood
vessel collagen, improving hemostasis. Laser damage to erythrocytes increased platelet aggregation and
intraluminal thrombosis, reducing blood loss (Aoki et al., 2004). Laser hemostasis explains why the laser
group had less blood loss. The study indicated that post-operative pain and discomfort disappeared on the
third day of surgical treatment in both groups but showed significant differences in the first and second
days post-operatively. These results are in line with results reported by Aboujaoude et al. (Aboujaoude et
al., 2016). Thermal necrosis produced by tissue vaporization closes sensory nerve terminals and decreases
their capacity to transmit stimuli, and denaturation proteins diminish discomfort in oral cavity diode laser
surgery patients (Abdulhamed and Merry, 2012). Diode lasers may reduce pain by breaking down cell
membrane sodium and potassium pumps, which impede impulse conduction (Chandna and Kedige, 2015).
In this study, clinical healing with the laser group was less eventful, with faster recovery compared with
the conventional technique on 3rd day and 1 week. At 2 weeks postoperatively, most cases healed with
significant differences for faster healing in the laser group. On the last visit follow-up all patients achieved
excellent healing. A diode laser application can accelerate wound healing by stimulating fibroblast
proliferation, collagen synthesis, vascular proliferation, and increased epithelial cell division (Ghadimi et
al., 2015). Regardless of bacterial contamination, laser tissue contact will reduce temperature and photon
scatter to achieve tissue confinement at a distance from the wound. This lowers the temperature differential,
stimulating tissue, energizing tissue molecules, and increasing local blood flow. A scatter gradient reduces
energy to bio-modulating levels (Coluzzi and Parker, 2017). At the end of follow-up treatment, all patient
and their parents were well satisfied with the outcome of both techniques, which is the ultimate goal of any
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treatment. The gingival fibromatosis makes patients have aesthetic problems, severe function interference,
and social well-being. Thus, they were very happy with the outcome, disregarding any treatment modality.
The traditional surgical blade is still the gold standard tool because it is the most effective and cost-effective
and does not necessitate as much extra skill or special precautions as a laser. In comparison to other laser
types, the diode laser is a very effective alternative device in the excision of oral soft tissue when used
properly with appropriate parameters. Diode lasers are very preferred by clinicians and patients due to their
advantages, in spite of the special precautions and skills needed in comparison to conventional blades.

6. Conclusions

This study showed that diode laser 976nm was effective in the resection of gingival fibromatosis in
continuous mode with a power of (2.5w). Better visibility during the surgery by diode laser due to the
excellent hemostatic effect of the laser when compared to the traditional methodology. The use of a diode
laser leads to minimal postoperative pain and discomfort with improved healing. The patients were well
satisfied about the treatment of gingival fibromatosis.

Ethical consideration

The research was approved by the research ethics committee of the Institute of Laser for Postgraduate
Studies, University of Baghdad. It has an ethical approval number (1385).
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Abstract

There are a number of advantages to using diode lasers in oral surgery with varying wavelengths. Lasers offer several
advantages, such as reduced recovery periods, the potential to combine tissue coagulation with surgical incisions,
decreased discomfort, field disinfection, and a faster and more efficient healing process. These benefits result in a
decreased reliance on medicine and enhanced patient comfort throughout the recovery phase. This includes a large
AsxzwzA=increase in working efficiency at far lower power settings, among other things. As a result, unwanted
effects can be greatly reduced. It also has a favorable effect on wound healing. The purpose of this study was to
compare two diode lasers (450 and 980nm) to determine whether one is more effective at excision the oral fibroma
lesion with less discomfort, no oedema, and faster healing. In this study, thirty-eight patients between the ages of 16
and 45 were included. The laser parameters setting for both wavelengths were a pulsed wave mode, tip diameter
400um, and the initial wavelength applied at 1.3 W power. The current study demonstrated that the blue laser with a
wavelength of 450 nm had more efficacy in excising the oral benign lesion. It exhibited reduced discomfort, decreased
swelling, and rapid healing, as observed. The findings of this study indicate that the 450nm diode laser is superior in
effectively eliminating the oral fibroma lesion in a clinical setting while causing minimal patient discomfort and almost
no swelling. In contrast, the 980nm laser resulted in some discomfort and swelling that persisted for a longer duration.
For such instances, the diode laser with a wavelength of 450 nm can be employed with greater effectiveness to
eliminate the oral lesions.

Keywords: diode laser, wavelengths 450 and 980nm, clinical scores, oedema and pain.

1. Introduction

Oral benign lesions come in a variety of forms and might be the result of an isolated mouth discovery or a
dermatological condition. The most frequent benign lesion of the oral mucosa is fibroma. Barker and Lucas
devised criteria in 1967 to determine what constitutes a real fibroma. It is also referred to as an irritational
fibroma, fibrous nodule or oral polyp, focal intraoral fibrous hyperplasia, and traumatic fibroma[1]. These
oral lesions excised by several surgical techniques, including the use of electrosurgical scalpels,

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



IJL, Issue 1, Vol. 23, 2024

conventional scalpels and lasers can be used to remove these lesions [2] Several different kinds of oral
mucosal lesions can be diagnosed and treated using lasers, which are used by specialists in oral medicine.
Frenectomies, epulis fissuratum, fibromas, gingival enlargements, gingivectomies, and specific crown
lengthening procedures are just a few of the many procedures that can benefit from laser technology[3].

+-In oral surgery, lasers such as carbon dioxide (CO2), erbium-doped yttrium aluminum garnet
(Er:YAG), neodymium-doped yttrium aluminum garnet (KTM, Nd:YAG), and diode are commonly
employed and regarded as effective tools for specific procedures [4]. Among the use of a laser as a
minimally invasive technique has many advantages, including its ability to be applied from a distance,
increased visibility in the operating room, precision cutting, hemostasis, minimal cicatrization, superior
infection control, excellent wound healing, decreased postoperative pain and swelling, and patient
acceptance [5]. Diode lasers are gaining popularity in periodontal surgery because they are easily absorbed
by pigments like melanin and hemoglobin, so low absorption by water and hydroxyapatite ensures their
safety when employed near dental hard tissues [6].In dentistry, lasers have advanced to great heights, and
as a supplementary method for soft tissue surgery, they have proven invaluable in oral surgery. The reason
for this quick development is that lasers make it possible to perform soft tissue treatments quickly and
effectively while maintaining good field visibility and hemostasis. In conjunction with scalpels,
electrocautery, or high-frequency devices, lasers maximize patient comfort following surgery [7]. There
are numerous uses for diode lasers in dentistry. It is a solid-state semiconductor laser that has potential
applications in arsenic, gallium, and aluminum. It is possible to emit beams continuously or pulsed. When
it comes to tissues that are pigmented with collagen, melanin, and hemoglobin, this laser absorbs lightest;
in contrast, it absorbs less in dental hard tissues. Because of this, it can be used to surgically treat oral soft
tissue lesions that are near dental structures without causing excessive bleeding [8]. Due to the
characteristics of laser radiation, such as customizable energy and power densities and monochromatism,
this technology also permits the use of particular therapeutic measures that have a variety of effects, such
as quicker wound healing[9]. In this study, benign fibroma lesions of the mouth were excised using two
different diode lasers. One was a blue laser operating at 450 nm, and the other was near-infrared, operating
at 980 nm.

The current study aimed to evaluate the clinical scores (pain and oedema) in excision of oral fibroma
lesions by two types of diode laser (blue laser 450 nm and near-infrared diode laser 980 nm).

2. Materials and methods
2.1. Age and sex

The mean age of examined sample was 27.93+14.44 year (16-45 year). The mean age of 450nm group was
40.6+ 2.73-year-old (68.4%) of them female and (32.4%) male, while the mean age of 980nm group was
38.26+2.88 (57.8%) of them female and (42.1%) male, Figure (1 and 2).

2.2 Clinical Evaluation scores

1. Pain scale (Numeric rating scale)

Pain and discomfort were assessed using a rating scale. It is used to define pain intensity: no pain, mild
pain, moderate pain and severe pain. The patients were given a questionnaire case sheet to fill out every
day from the first day of surgery to the tenth day in order to document their level of pain and discomfort
[10].

0= no pain

1-3= mild (nagging, annoying and interfering with activities of daily living ADLSs).
4-6= moderate pain (interfering significantly with ADLs)

7-10= sever pain (disable unable to perform ADLs).
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2. Oedema scale: determined as following [11]

0= No oedema.

1= very slight oedema (hardly visible).

2= slight oedema.

3= moderate oedema

4= sever oedema (extent swelling even beyond the application area).

2.2. Time of the irradiation and procedure of excision

The irradiation period for the 450nm operation was 2-3 minutes due to the non-contact mode and high
absorption in hemoglobin. Tip cleaning was not necessary for the 450nm operation. However, the 980nm
operation required 5-10 minutes. As a result of tip cleaning, the duration of the 980 nm may be prolonged
to 15 to 20 minutes. However, the operational timeframe may vary depending on the size and location of
lesion. The duration of follow-up varied depending on the clinical score. For instance, the follow-up period
for the oedema score ranged from one to seven days, while for the pain score it ranged from one to ten days.

2.3. Statistical analysis

All data were tabulated and subjected to statistical analysis. Data analysis was performed using JMP 16
(Gary, USA). This analysis included descriptive and association tests for comparison between the two laser
techniques. The student’s t-test was used for measurable variables. The level of significance was set at P <

0.05.
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Fig. 1: Bar chart representation of mean value and standard deviation for Comparison between the study groups by
gender, Blue-Laser and Infrared.
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Fig. 2: Bar chart representation of mean value and standard deviation for the age of study groups.

3. Result

The findings of the research study, provides an analysis and interpretation of these findings, draws
implications based on the results, and outlines potential avenues for further research. This study
encompassed a cohort of 38 patients who underwent therapy for oral fibroma lesions.

3.1. Pain scores

The results of this study showed that there is a significant difference in pain levels between the two types
of diode laser, where the pain scores differed significantly. 450nm treatments showed less pain (2.72+0.51)
after one day of the laser surgery and 0 pain after one week compared to 980nm treatment where the pain
score was (4.45%0.1) after one day of the laser surgery and (0.1£0.22) after one week, Table (1).

Table 1: Comparison between the study groups by means of pain score at three days, one week, two weeks, and four
weeks after operation.

Study group

Post-operative pain Visible(450nm) Infrared(980nm) P value
MeanSD MeantSD

1% day 2.72+0.51 4.45+0.1 0.001

3" day 0.92+0.51 2+0.3 0.003

One week 0 0.1£0.22 0.9918

Two weeks 0 0 -
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3.2. Oedema

The findings of the study revealed a disparity in postoperative edema between the groups examined. As
shown in Table (3), the comparison between 450nm and 980nm treatments reveals that the 450nm therapy
significantly decreases swelling.

Table 3. Measurement of swelling at 2, 5, and 7 days postoperatively to draw comparisons between the study groups.

Swelling score

Infrared (980nm) Blue laser 450nm

None Slight Moderate  Severe  None Slight Moderate  Severe
2 day 5(26.31)  5(47.73) 9(26.31) 0 17(89.4)  2(10.5) 0 0
5% day 14(73.6)  5(26.31) 0 0 19(100) 0 0 0
Seven days 19(100) 0 0 0 19(100) 0 0 0

Oedema scores: 0=none, 1= slight, 2= moderate and 3= server

3.4. Clinical cases
A. Case no: 1

The male patient, identified as KA and aged forty-five, presented at the clinic seeking assessment for a
lesion located in the angle of the lower lip. The individual stated that the condition had persisted for a
duration of one year. The fibroma lesion was confirmed through clinical diagnosis. A decision was made
to do a session of laser-assisted surgery for the purpose of eliminating the lesion. The decision was made
to utilize a blue diode laser with a wavelength of 450nm for this experimental procedure. The laser was
operated at a power of 1.3W in pulsed wave mode, and an optical fiber with a diameter of 400um was
employed in a non-contact configuration, maintaining a distance of 1-2mm. The laser was moved at a speed
of around 6mm/s, as depicted in Figure 2.

B. Case no: 2

The female patient, identified as AA and aged thirty-three, presented at the clinic seeking an examination
of a lesion located in the mucosa of her cheek. The individual provided an account stating that the condition
had persisted for a duration of two years. The fibroma lesion was confirmed through clinical diagnosis. The
patient is experiencing pain and discomfort, necessitating the excision of the lesion. After careful
consideration, it was determined that the most suitable approach would involve the utilization of an infrared
diode laser (980nm) following a specific protocol. The laser will be operated at a power of 1.3W in pulse
wave mode, utilizing an optical fiber with a diameter of 400pum. The laser will be applied in contact mode,
as seen in Figure 3.

4. Discussion
Several fibroma oral lesions were collected for the current study. The diode laser (980 and 450nm) at 1.3W

was used to successfully remove the analyzed lesions. Diode laser 980nm was applied in a contact mode,
whereas 450nm was applied non-contactly (at a distance of 1-2 mm).
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Fig. 4. Excision by diode laser 450nm. (A) Before treatment, (B) immediately after laser surgery, (C) One week
after treatment and (D) Two weeks after treatment.

Fig.5: Excision by diode laser 980nm. (A)Before treatment, (B) During laser surgery, (C) Immediately after
treatment, (D) One week after treatment, and (E) Three weeks after treatment.
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Due to its portability, low cost, and high predilection for hemoglobin and dark pigments, the diode laser
was employed to eliminate an oral benign lesion in the current experiment, reaping the many benefits of
laser surgery. Patients favored laser surgery since it was a low-stress procedure for them during and after
the procedure. Therefore, both patients and dental specialists can profit from diode laser because it is a
minimally invasive treatment option.

Patients are administered local anesthetic, either in the form of topical application or injection, based

on the specific nature of the lesion. This finding is similar with previous studies conducted by Azma et al
and Gholizadeh et al which indicated that the necessity of local anesthesia injection is contingent upon the
patient's pain threshold, as well as the size and location of the lesion [12, 13].
In the majority of cases, postoperative pain was alleviated as a result of the laser's capacity to inhibit nerve
endings, hence mitigating postoperative discomfort. The observation indicated that the use of a 450nm
treatment resulted in reduced post-operative discomfort, which subsequently resolved within a day
following the surgical procedure. The pain experienced by patients undergoing diode laser surgery at a
wavelength of 450nm was found to be lower compared to those undergoing surgery at a wavelength of
980nm. This difference in pain levels can be attributed to the fact that individuals undergoing the 450nm
treatment had reduced instances of thermal necrosis[14]. The majority of patients necessitated modest
postoperative analgesia. Previous research has indicated that variations in the diode laser's characteristics
are contingent upon factors such as the wavelength and duration of its use. A separate investigation revealed
that those who underwent laser treatment at a wavelength of 450nm experienced significantly reduced
levels of pain and suffering following surgery, along with a higher level of overall satisfaction. The
utilization of a diode laser operating at a wavelength of 450nm necessitates the implementation of a
noncontact form of radiation delivery [14]. This particular mode of delivery has been seen to yield reduced
levels of thermal necrosis. This observation is consistent with existing literature on the subject. The
utilization of a diode laser with a wavelength of 450nm resulted in reduced intraoperative and postoperative
hemorrhage and pain due to its robust cutting and coagulation capabilities.

It has been demonstrated that the laser can perform a hemostatic technique during surgery by occluding
smaller diameter blood arteries and shutting lymphatic veins, hence minimizing postoperative
complications including swelling and oedema. This study's findings corroborated those of Roy et al., who
established that patients were contacted again after two weeks. In Addition, The blue laser has demonstrated
additional benefits, such as a more pronounced bactericidal action through irradiation [15] result as Patients
no longer reported any symptoms of pain associated with the lesion. The diode laser was found to have
benefits in this investigation for both types of lasers. When it comes to benign lesion excision and reduced
edema, however, laser diode 450nm triumphs over laser diode 980nm It has been reported that lasers can
speed up the healing process and win over more patients. With laser surgery, there is less blood loss, faster
sterilization, less bacteremia, and no need for sutures except for some lesions need suturing according to
size of lesion and patients oral hyogen. He spoke of reduced pain and edema during and after the procedure,
as well as lessened wound contraction and scarring [16]. This agrees with the study's findings that diode
lasers, in general, speed wound healing, minimize bleeding, and alleviate pain. Although the 450-nanometer
diode laser is displayed as the more practical option. When Gobbo et al. examined the efficacy of the blue
group with the IR group, they discovered that the absence of any bleeding in the blue group was a major
advantage compared to the IR group. Another study by Majeed and Aldelaimi when used 980nm to remove
oral lesion showed that some of clinical score such as pain score and oedema took more than two weeks for
the patient to heal completely [17] and this is with the consistence with our study where the diode laser
980nm almost showed the same result while blue laser need less than two weeks. The BLUE laser is widely
regarded as the most comfortable medical device available; this is especially beneficial when dealing with
sensitive patients like youngsters, the mentally ill, or those who are scared of needles [18]. One reason why
the BLUE laser is associated with less discomfort after surgery is that it causes less heat damage to tissues.
Because histological alterations are minimized, local inflammation can be reduced [19]. This is in line with
the current study's findings, which indicated that the blue group experienced no bleeding, little discomfort,
limited heat damage, less oedema, and a speedy recovery. Only lasers with an IR emission wavelength
spectrum are considered for surgical use in the vast majority of published clinical works on oral surgery.
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however, blue lasers have only lately been approved for medical usage. Since the blue laser's (450 nm)
hemoglobin absorption is greater than that of the infrared laser's (980 nm), the 450 nm laser is recommended
for larger lesions and deeper penetration. The blue laser works because its wavelength is absorbed not by
water but by the chromophores in melanin and hemoglobin. This allows for the possibility of a number of
improvements in the field of surgery, such as the elimination of blood loss and, in most circumstances, the
necessity for sutures. Reduced number of procedures, no or minimal pain, high rates of functional and
cosmetic success, minimal to no bleeding, and great visibility are all connected with this laser technology.
Furthermore, a comparison between a 445nm semiconductor laser and a 970nm diode laser was performed
by Braun et al when they determined that increased efficiency when cutting is to be expected. Clinically
acceptable incision depths can be achieved with the non-contact use of a 445 nm laser without causing
considerable denaturation of the soft tissues [20].

The benefits of using a 450 nm laser at very low power for oral surgery are confirmed by this
investigation. It helps to control tissue bleeding, minimize the time of the intervention during surgery, and
eliminate the need for anesthetic injections in most circumstances. From the patient's point of view, it allows
us to lessen pain and avoid using sutures. During the follow-up, no signs of pain, discomfort, oedema, or
infection arise, and no medication is required in more cases. There are no negative effects, and the recovery
time is only one week. This corroborates the findings of Fornaini et al the 450-nm laser is safe and does not
cause any tissue damage when used at an appropriate distance and for a brief duration. Lasers emitting at
450 nm had a far lower heating capability than those emitting at 980 nm [21]. In addition, 450 nm had a
quieter working environment. The 450nm laser has the advantages of low noise during work, a thin
coagulation layer, and efficient tissue vaporization. These characteristics suggest that the novel 450nm laser
could be used as a therapeutic alternative in surgery. The cutting efficiency of a diode laser 445nm was
found to be higher when compared to that of a diode laser 970nm and high-frequency surgery [20].
Furthermore, there are no signs of significant soft tissue injury when using the diode laser 445nm in non-
contact mode, and incision depths are clinically acceptable. This observation agrees with the findings of
this investigation. Blue laser light has a shorter wavelength and a higher absorption coefficient in the target
chromophores hemoglobin and melanin, making it less scatter and penetrate tissue than near infrared laser
systems. This shallow penetration allows for more accurate control of the laser's light and reduces the
potential for accidents in deeper levels. Additionally, it is expected that the reduced thermal side effects
will occur from the reduced absorption of laser energy in surrounding tissues due to dispersion. Soft tissues
consist primarily of water, blood, color, lipids, and proteins. The red blood cells have a maximum
absorption wavelength of approximately 450 nm. This leads to a high intake of energy, which can rapidly
cause coagulation. Additionally, it results in efficient cutting of lesions with minimal lateral thermal effect,
leading to reduced swelling and discomfort.

5. Conclusion

Diode laser removal of benign lesions has a low invasive approach and several therapeutic benefits, making
it a viable therapy choice advantages include a shorter recovery time for the patient, less risk of infection,
less postoperative pain, better management of bleeding, and higher patient satisfaction due to the absence
of wound suturing in most circumstances. For surgical removal of an intraoral benign lesion, the diode laser
(450-980 nm) can be utilized successfully with optimized parameters. The results of this study demonstrated
that the 450-nanometer wavelength of the diode laser was superior to the 980nm wavelength in terms of
performance.
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Abstract

Objective: The goal of this in vitro investigation is to assess laser irradiation and phosphoric acid etching
effects on the dentinal surface topography.

Materials and Methods: A total of 48 sound human premolars extracted for orthodontic purposes were
included in this study. Teeth were divided into four groups (n = 10), G1 without surface treatment, G2
etched with phosphoric acid 37% for 15 seconds, and G3 and G4 were treated with an Er, Cr:YSGG laser
at the following settings: 1W, 1.5W, respectively with set other laser parameters at 20 HZ and 10% air/water
ratio. The effects were evaluated using SEM, AFM, and contact angle.

Results: AFM and SEM images showed changes in the surface topography of the dentin with an increase
in the surface roughness measurements and devoid from smear layer in the laser-treated groups compared
to the control and phosphoric acid-treated groups. Also, highly significant differences (p<0.01) were shown
in the laser irradiation groups, specifically G3 with 1W, when compared with others considering contact
angle measurement.

Conclusion: Er, Cr: YSGG laser can be used as an alternative to conventional phosphoric acid etching
for etching and preparing dentin surfaces prior to restoration or bracket placement.

Keywords: Er, Cr: YSGG, phosphoric acid, dentin, SEM, and wettability test.

1. Introduction

Dentin adhesion is thought to be a more complex and difficult process than enamel adhesion because of its
chemical composition, humidity, and morphological diversity. Furthermore, pathological and physiological
processes might create morphological and biomechanical changes in the dentin is also unique [1]. In the
conventional method, the smear layer is removed from the dentin surface by acid etching which also leads
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to exposing collagen fibrils and dentinal tubules; this could help in resin monomer infiltration.
Subsequently, hybrid layers form during the polymerization of the infiltrating resin monomers [2].

Acid etching of dentin has some shortages, such as increased dentin permeability and wetness, with an
increased possibility of pulpal irritation and collagen denaturation, in addition to the time and risks or
precautions [3]. In recent years, there has been a great interest in the use of lasers in dentistry for different
purposes and applications, such as cavity preparation, caries prevention and detection, teeth bleaching, and
dental implants [4, 5]. Because of its strong absorption by water and hydroxyapatite crystals, the Er,
Cr:YSGG laser may effectively ablate enamel and dentin [6]. By providing uneven surfaces and open
dentinal tubules without a smear layer, Er, Cr:YSGG laser irradiation with modified laser parameters or
technique may generate energy suitable dentin surface adhesion [7]. When Er, Cr:YSGG laser energy is
absorbed by tooth layers components, it causes evaporation of water, an increase in internal pressure, and
microexplosion, resulting in the formation of a rough dentin surface [8-10]. Depending on the type and
energy of laser applied to the surface, laser etching produces surface irregularities and roughening to a depth
of 10 to 20 micrometers, which is comparable to that produced by the acid [11]. According to different laser
applications in the dental field, laser etching might be suggested with advantages over traditional acid
etching, including painlessness, the absence of vibration or heat generation, the creation of an uneven and
fractured surface suited for adhesion, the absence of a smear layer, and increased tooth resistance to caries
attack [12-14]. Er, Cr: YSGG Laser widely used in dentistry for different dental procedures, including
cavity preparation [15], disinfection of prepared cavity and root canal [16, 17], and in bonding of esthetic
restoration without thermal damage to dental pulp [18, 19].

The goal of this study is to estimate how much Er, Cr: YSGG laser is a suitable alternative source for
phosphoric acid etching in dentin.

2. Material and Method

2.1 Sample Collection and Preparation

A total of (48) intact premolars were collected from different health centers and clinics in Baghdad. The
volunteers were in the age range (18-35), and teeth were extracted for orthodontic treatment. Primarily,
teeth were cleaned from blood, tissue remnants, and debris with dental scalar and prophylaxis dental paste;
they were stored in 1% thymol solution until used. Preparations of samples were performed with the
diamond disk, which is used to cut the occlusal surface of teeth to a level of central groove and expose the
dentin surface.

The cutting procedure was done with the aid of a dental surveyor (Dentaurum para therm, German)
and water irrigation to avoid any deterioration to the sample surface from hat generation during cutting;
this also helped in the standardization of the procedures. The acrylic block was constructed with a
cylindrical silicon mold of about 2.5 cm in length and 2 cm in diameter, as seen in Figure 1. Samples were
assigned into four groups:-

G1: Samples without surface treatment

G2: Samples were treated with 37% orthophosphoric acid etchant

G3: Samples were treated with Er, Cr: YSGG laser (1W, 20 HZ, 10% air, and water ratio, 60us (pulse
duration), 66sec (irradiation time), 20mm? (irradiation area)

G4: Samples were treated with Er, Cr: YSGG laser (1.5 W, 20 HZ, 10% air, and water ratio, 60us (pulse

duration), 66sec (irradiation time), 20mm (irradiation area)

Laser parameters in G3 and G4 were selected according to the result of the pilot study.
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(b)

Fig.1: Sample Preparation Procedure (a) de-cusped occlusal surface with diamond disk and dental surveyor (c)

acrylic block construction.

2.2. Etching Application

A. Phosphoric Acid Application

Dentin samples of G2 were etched with 37% orthophosphoric acid gel (3M, ESPS, USA) for 15 seconds
and rinsed vigorously with water for 20 seconds according to the manufacturer's instructions.

B. Laser Application

Er,Cr:YSGG laser with the MZ6 laser tip (WaterLase iPlus, USA) was used to irradiate specimens of G3
and G4. At a stand-off distance of about 2mm between the laser tip and the sample surface, the laser beam
was directed perpendicularly to the dentin surface. For standardization of laser applications, laser irradiation
was performed with the aid of a CNC machine (computerized numerical control unit) with a scanning speed
of 0.3 mm/sec, as seen in Figure 2.

Fig.2: Laser irradiation of specimen surface with the aid of CNC machine.
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2.3. Light Microscopic Evaluation

All samples were examined with a light microscope (Euromex microscope, Netherlands) before and after
acid agent application and laser irradiation to evaluate their effects on the dentin surface.

2.4. SEM Examination

One sample representing each group was examined with SEM (Inspect F-50, FEI Electron Optics
International B.V., Netherlands). Before being inspected with an SEM machine, the samples were sputtered
with gold in a vacuum chamber. The morphological examination of the dentin surface was done.

2.5. AFM Evaluation

For more precise information about the surface changes and roughness of dentin, one sample from each
group was examined with AFM (Nano surf, Liestal, Switzerland); the root mean square of surface
roughness is displayed in contact mode by the atomic force microscope's scanning probe.

2.6. Assessment of Contact Angle

Ten samples from each group were examined with a contact angle instrument (CAM 110, Taiwan). The
instrument was connected to a computerized digital camera to capture an image of the water drop on the
sample surface within (30) seconds. The water drop was about 2ul, and the measurement was done at room
temperature. Statistical analysis was performed using SPSS, version 24, at p<0.05.

3. Result

3.1. Light Microscopic Evaluation

Light microscopic evaluation showed that there are scratching lines on the dentin surface for G1, which
occurred during sample preparation, while for G2, the dentin surface was presented with a superficial effect
of acid etching, and for laser groups, the G3 and G4 dentin surface had a uniform pattern of laser effect and
surface irregularity as shown in Figure 3.

3.2. SEM Evaluation

SEM images for G1 showed high dental debris due to the sample preparation procedure, as shown in
Figure 4a. For G2, the dentin surface was presented with partially occluded dentinal tubules and covered
with a smear layer, as seen in Figure (4,b), while laser-irradiated groups ( G3 and G4) were presented with
clean, highly irregular surfaces devoid of a smear layer, as in Figures (4c, and d).

3.3. AFM Evaluation

Atomic force microscopy (AFM) evaluation showed that laser-irradiated groups (G3 and G4) have the
highest value of surface roughness (Ra) compared to other groups (G1 and G2), as seen in Figures 5 and
Table 1.

Table 1. Surface roughness using Atomic Force Microscopy for tested groups.

Groups Ra (nm)
Gl 60.82
G2 84.48
G3 404.5
G4 116.3
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Fig .3: Light Microscopic Images of G1 (a) untreated dentin, G2 (b) acidic etched dentin, G3(c) laser irradiated dentin,
and G4 (d) laser irradiated dentin at 4X magnification power.
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Fig.4: SEM Images of G1 (a) untreated dentin, G2 (b) acidic etched dentin, G3(c) laser irradiated dentin and G4 (d)
laser irradiated dentin at 1300Xmagnification power
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Fig .5: AFM Images of G1 (a) untreated dentin, G2 (b) acidic etched dentin, G3(c) laser irradiated dentin, and G4 (d)
laser irradiated dentin.

3.4. Contact Angle Evaluation

Descriptive statistical analysis showed that the highest mean value of contact angle was in G1 (72.83) (without surface
treatment), followed by G2 (48.18) (acid-treated samples), and the lowest mean of contact angle was in G3 (36.81)
and G4 (37.13) Er,Cr:YSGG laser-irradiated groups. Statistical analysis using the ANOVA test showed a highly
significant difference between the tested groups at (p<0.01), as shown in Table 2. Tukey (HSD) test was performed
for making a comparison between each two groups regarding contact angle. The result showed a highly significant
difference between all groups, with no significant difference between the laser-irradiated group (G3-G4), as shown in
Table 3.

Table2. Descriptive statistics and ANOVA test for contact angle in the tested groups.

F-test
Groups Meant SD
Sum of D.f Mean F-value P-
Squares Square Value
Gl 72.83+2.09 4491.476 3 1122.869 93.400 .000
G2 48.18+1.39 240.442 36 12.022
G3 36.81+1.61 4731918 39
G4 37.13+1.18
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Table3. Tukey HSD test between each two groups.

Tukey HDS
D Q) (I-J) Mean difference Sig
Gl G2 24.65" .000
G3 36.02° .000
G4 35.70" .000
G2 G3 11.37* 001
G4 11.05" .000
G3 G4 1.68 1.000

5. Discussion

To reestablish function and aesthetics within the principles of optimum tooth structure preservation,
bonding to hard dental tissues has been regarded as crucial in operative dentistry. Different dentin surface
treatments can have an impact on the efficacy of dentin bonding techniques. [20]. The SEM, AFM, and
light microscopic examination results of this in vitro study indicated an increase in surface roughness and
irregularity of dentin samples in the laser-treated groups compared with the control and acid-treated groups.
The increased surface roughness could be attributed to the different mechanisms of action of laser (thermal)
and acid (chemical). The interaction of the Er:Cr:YSGG laser with the dentin's water and hydroxyapatite
causes microexplosion and ejection of tooth particles that build on the dentin surface, resulting in a
roughened surface [8]. Also, the increase in surface roughness in laser-treated dentine could be attributed
to the absence of a smear layer, the presence of exposed dentinal tubules, and chimney-like formations.
Furthermore, the laser may selectively remove the intertubular dentin by ablation rather than peritubular
dentin since this site contains more water and a lower mineral concentration, which results in projecting
dentinal tubules with a cuff-like appearance [21-23]. This research result was in line with Benderli et al.,
Mahdisiar et al., and Issar et al. [24-26], who found that exposure of dentin surfaces to the Er,Cr,YSGG
laser produced a sponge-like appearance and a microscopically rough surface, which might be indicators
of the melting and re-crystallization processes. While these findings disagree with those of Al Habdan et
al. [27], which could be explained by higher power employed in their experiment (4.5W, 50Hz, and a tip-
to-specimen distance of 0.5 mm). High power and frequency (4.5W, 30-50Hz) may result in high energy
and temperature on the tooth surface, causing melting and resolidification and diminishing surface
roughness. This is partially seen when G3 compared to G4 laser groups; higher energy delivered to the
dentin surface may generate more heat, which leads to melting of the peritubular dentin. Acid etching
destroys intertubular dentin, removing chimney-like structures and expanding the orifices of dentinal
tubules. Furthermore, sequential acid etching reveals unknown depths of the demineralization zone [28§].
The role of wettability in the stability of bonding between dentin and restoration is crucial. The depth of
adhesive infiltration and dentin wettability influence the quality and durability of the resin-dentin hybrid
layer [29]. A statistical analysis of the wettability test revealed that laser groups have a lower contact angle
than the control and acid-etched groups. This result is related to the fact that when the surface roughness
increases, the contact angle decreases, and the wettability is improved [30—32]. Surface irregularity and the
existence or extent of the smear layer have a high impact on the surface's wettability [33]. The viscosities
of a solution, surface roughness, and heterogeneity all have an effect on the contact angle [34]. The effect
of laser in dental applications can be controlled by two groups of variables: the first is laser parameters such
as power, wavelength, pulse duration, irradiation mode, and time, which are under the dentist's control, and
the second is dentin optical properties, which differ between individuals [35]. Although trained dental
personnel can still use the second set of criteria, they benefit from the freedom to choose laser parameters
to achieve the purpose or goal of laser use.
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6. Conclusions

Based on the findings of this study, Er, Cr: YSGG laser showed improvement in dentin surface topography
and can be utilized as an alternate and safe method for surface etching. Laser parameters, specifically the
power, are a major contributing factor in surface modification; 1W showed the best result considering
surface roughness and wettability.
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Abstract: The demand for single photon sources in quantum key distribution (QKD) systems has necessitated the
use of weak coherent pulses (WCPs) characterized by a Poissonian distribution. Ensuring security against
eavesdropping attacks requires keeping the mean photon number () small and known to legitimate partners. However,
accurately determining p poses challenges due to discrepancies between theoretical calculations and practical
implementation. This paper introduces two experiments. The first experiment involves theoretical calculations of p
using several filters to generate the WCPs. The second experiment utilizes a variable attenuator to generate the WCPs,
and the value of pu was estimated from the photons detected by the BB84 detection setup. The second experiment
represents an accurate method for estimating the value of u because of using single photon detectors with high timing
resolution and low dark counts, in addition to using a Time-to-digital convertor with a bin size of 81 ps.

Keywords: single-photon detection, mean photon number, Poissonian statistics, time to digital conversion, weak
coherent pulses.

1. Introduction

In classical cryptography, Alice and Bob, two distant parties, use a communication channel to communicate
secretly in the presence of an unwanted third party Eve. The ultimate goal of secure communication is to
guarantee that information is completely preserved from unauthorized access. Information security can be
achieved theoretically by the one-time-pad (OTP) method if Alice and Bob communicate a long random
string that is kept secret from Eve. It should be noted that avoiding using the same key again is crucial for
the information security of the OTP method. This implies that the key may only be used once and must be
the same length as the message [1].

The OTP is considered a very secure method, but it has major drawbacks that have prevented it from
becoming widely used. The key distribution is the main problem. Since the security of the OTP depends
only on the secrecy of the key, the key distribution method must be at least as secure as the OTP itself;
there is no efficient classical method to fulfill this requirement [2].

Heisenberg’s uncertainty and the quantum no-cloning principles have provided a completely new
opportunity to facilitate the implementation of quantum cryptography. Using these physical properties in
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quantum mechanics enables the secure exchange of a random key, which can be employed alongside the
OTP scheme to be as close to unconditional security as possible [2,3]. This discovery led Bennett and
Brassard to develop the BB84 protocol for secure key exchange [4].

The first and most widely used QKD protocol is called BB84, after its inventors, Bennett and Brassard.
This is a prepare-and-measure protocol where Bob measures the quantum states after being prepared by
Alice for encoding. The implementation setup of the polarization-encoded BB84 is shown in Figure 1. The
photons are prepared by Alice with polarization selected at random from the following four states:
horizontal (H), vertical (V), diagonal (D), and anti-diagonal (AD). Bob receives the photons one at a time
via a quantum channel, which can be free space or optical fiber. Bob randomly selects Z or X basis (where
Z basis is for V and H polarization, and X basis is for D and AD polarization) to measure each photon’s
polarization state [5]. The steps of implementing the protocol are shown in Table (1)[6].

Alice i 200
Basis1  App

LD 1@

N Quantum
LD 2% \ Channel

BS E
Lo 34 | O
BS / "0"

l /

LD 4 ¥ Waveplates BasiséPD

Fig. 1: Typical system for quantum cryptography using polarization coding (LD: laser diode, BS: beamsplitter,
F: neutral density filter, PBS: polarizing beam splitter, A/2: half waveplate, APD: avalanche photodiode) [5]

Table 1. BB84 protocol steps [6].

Alice’s random bits 1 0 0 1 0 0 1 1 0
Alice’s sending basis R D R D D D D D R
Alice’s photon polarization : »f <> '\ f f K4 K( <>
Bob’s receiving basis D R R D D R R D R
Bob’s key bits 0 0 0 1 1 1

Bob checks the bases with Alice OK OK OK

Bob and Alice check some keys OK

bits randomly

Sifted key 0 1
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To guarantee the security of QKD systems, they must be performed with single photon sources. These
sources exhibit anti-bunching behavior and follow sub-Poissonian statistics. Thus, only a true single-photon
source emits one photon at a time [7]. A perfect single-photon source generates single photons with 100%
certainty, which means that there is a 0% probability of producing more than one photon or a vacuum state.
Single atoms, ions, molecules, and solid-state emitters like quantum dots, color centers, carbon nanotubes,
etc. These candidates have the potential to serve as sources for single photons. Despite the numerous efforts
that have been made toward achieving a perfect single-photon source, it is still a difficult and challenging
task [8]. These days, most QKD protocols utilize weak coherent pulses (WCPs) as an approximation to
single photons. While these classical states are simple to produce, a fraction of them may contain two
photons or more, which threatens the security of the key distribution process [9]. In brief, in the standard
BB84 protocol, only signals that originate from single-photon pulses emitted by Alice are assured to be
secure [10].

When attenuated laser pulses are employed as the source in the BB84 protocol. The vacuum components
reduce the signal rate since there are no photons to be detected by Bob. The single photon components work
perfectly, but the problem is in the presence of multiphoton components since each photon within the same
pulse has the same polarization information. These multiphoton components make the protocol vulnerable
to photon number splitting attacks, where Eve performs a photon number non-demolition measurement to
determine Alice’s multi-photon signals. Eve blocks part of Alice’s single-photon signals so that Bob does
not notice any change in the bit rate, steals one copy from multiphoton pulses, and sends the reminder to
Bob over a lossless channel. After Alice and Bob reveal their basis during the sifting stage, Eve will have
obtained complete knowledge about the key without being detected. However, decoy state protocols allow
Alice and Bob to prevent the hypothetical PNS attacks [11,12].

In this paper, we present an acceptable estimation of the mean photon number achieved from the
detected photons using the BB84 detection setup, which incorporates four single photon counting modules
and a time-to-digital converter. Furthermore, we have successfully reduced the number of filters needed on
the transmitter side to attain the necessary attenuation level for WCPs required in QKD systems.

2. Theory and concepts
Alice produces weak coherent pulses with a low mean photon number to approximate the single photon

Fock-states. These pulses follow the Poisson statistics. The probability that one finds » photons in a
coherent state is [13],

P(np) = e (1)
where p is the mean photon number.

In second-order approximation, we obtain,

P(0) ~ 1— u+“2—2 )
P(1)~ p — p? 3
P2~ & )

Accordingly, the probability that a non-empty pulse contains more than 1 photon becomes,

Q

1-P(0)-P(1) 2
P(Tl22|7’l>0)=1_—P(0) §+(u7) ®)

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



IJL, Issue 1, Vol. 23, 2024

The mean photon number can be practically calculated as follows,

_ _Pavg p (6)

l:’single

Payg canbe represented as [14],

Pavg =Nhvf )
Psingle =hvf 3
where

Pavg is the average power of the laser source.
Psingie 1s the average power of a single photon.
a is the level of attenuation.

N is the number of photons per pulse.

h is Planck’s constant (6.634 x 10734 J.s).

v is the frequency of the emitted photon in Hz.
f is the pulse repetition rate in Hz.

The number of photons per pulse is defined as,
N= ©)

Psingle

The attenuation level required to have single-photon generation is determined by,

_ l — p single

=N Pavg (10)
Weak coherent pulses can be realized by utilizing calibrated attenuators to attenuate the laser pulses. These
pulses are used in many implementations of QKD systems since they are extremely practical. One problem
with WCPs with a low mean photon number, i.e., when p = 0.1, is that 5% of the non-empty pulses contain
more than one photon[15]. Figure 2 shows the probability that a pulse of a coherent beam contains # photons
for p=0.1[16].

0.905

o
™

o
(=)

Probability p(n)

o
N

0.09
- 0,005 00002 37710  7.54-10°*
0 1 2 3 4 5
Number of photons »n

Fig. 2: Poisson distribution for 4= 0.1 [16]
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3. Experimental results and discussion

Two experiments were carried out to generate coherent pulses with a low value of u. The first one is the
traditional experiment that uses a laser source and optical filters. In the second experiment, a variable
attenuator is implemented, and the time to digital converter (TDC) is used in determining the value of p.
3.1. Generation of WCPs using optical filters and sheets of glass

Figure 3 illustrates the apparatus employed to produce WCPs using multiple filters and glass sheets. The
laser source used in the setup is the nanosecond pulsed laser (NPL64B) from THORLABS. The operating
wavelength is 640 nm, P, 4 of the laser source is 77 uW when it operated at / of 1 MHz with a pulse

width(t) of 5 ns. Neutral density filters (NDF) with a defined optical density (OD) were used. The OD
determines the level of attenuation of the NDF applied to the laser pulses. The OD is defined as,

OD = logy, (3) (11)

NDFs +Sheet of glass Power meter

00.0 W

Fig. 3: setup for generating WCPs, LD: pulsed laser source, NDF: neutral density filter.

The specification of optical filters used in the experiment are listed in Table (2).

Table 2. Specifications of optical filters.

Filter type oD Transmittance (T) No. of filters used
NES520B-A 2.0 0.01 2
NEI13B-A 1.3 0.05 3
NE06B-A 0.6 0.25 1

The total transmittance (7) of these filters is determined as,

T=Tygs208-4 X Tnesz08-a X Tng13—a X Tne13p—a X Tne13s—4 X TNEosB-2
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In our experiment, two sheets of glass were used with a total transmittance of = 0.155. The attenuation
obtained by these combination becomes, o= 0.01x 0.01x0.05X% 0.05 x 0.05 X0.25x 0.155 =4.843 x 10710,
Substituting the value of a in Eq. (6) will give a value of p=0.12. To have 1 photon in every 10 optical
pulses, i.e., u =0.1, Eq. (10) is written as [17],

0.1
@01~
Pingie =hv f=3.107x 107183 W
-6
= 0 — 247827486
3.107X10

(o1 =% =4.035x 10710

3.2 Estimating the value of the mean photon number from the WCPs detection

In this experiment, the QKD receiver based on the BB84 protocol, including the single photon counting
modules and the TDC, is used to determine an acceptable estimation for the required value of p. This
method can be exploited in cases where the power meter is not capable of measuring the low-level
attenuated light. Figure 4 illustrates the experimental setup for controlling the value of p to generate WCPs.
A combination of two NDFs (NE520B), a half-wave plate (AHWP05M-600), and a polarizing beam splitter
(PBS121) was used as a setup functioning as a variable attenuator. This allows us to create WCPs with the
desired mean photon number, denoted as . -

Alice Bob
T P a2z
NDF PBS ! Quantum channel | BS HWP
M |-| S : . ipQ1 :
HWP1 HWP2 : PHS ;
Variable attenuator : ! PBS MPD2 i
_______________________________________ ' ; —1 i
i TDC i
! MPD1

_____________________________________________

Fig. 4: setup for generating WCPs; LD: pulsed laser; NDF: neutral density filter; HWP: half-wave plate;
PBS: polarizing beam splitter; BS: beam splitter; SPCM: single- photon counting module; TDC: time to
digital converter

The rotation of the half-wave plate (HWP)) provides a complete range of attenuation, i.e., allowing for the
adjustment values of Fyy,4 to be varied from maximum to minimum. Specifically, when the HWP; is set
within the range of 0° to 45°, it is possible to achieve WCPs with lower values of the u. These WCPs were
then encoded with four different angles (0°, 22.5°, 45°, and 67.5°) for the BB84 protocol by using another
half-wave plate (HWP,) to represent bit values 1, 0, 0, and 1, respectively. The encoded photons were
transmitted through the quantum channel to the BB84 detection setup. The BB84 detection setup, including
four single-photon counting modules (SPCMs) series (ID100) with a dark count rate of less than 7 Hz and
40 ps timing resolution, and (MPD) with a dark count of one count per second and timing resolution of
tenths of ps, were utilized to detect the WCPs. These SPCMs were connected to a four-channel (id800-
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TDC, 8-Channel Time to Digital converter) with a bin size of 81ps for recording the number of detected
photons for a detection time window of 5ns. Figure (5) illustrates the counts registered by the four SPCMs
when HWP; was set at an angle of 33° which gives a low value of p.

Data Loss Indicators

Time Diffs  Coincidence Counters | Hist Data Loss Indicators TimeDiffs  Coinodence Counters | Hstc
Us8 Hold @ Measure @ 9.032 s Hold @ Measre @ 10.309
TDC Channel Enable TDC Channel Enable
Fi1WVM2FM3FMaFMsMVMe M7 Fs Mi1M2FM3MaWMsMFMeWVIVs
Parameters Parameters
Conadence Window 61bins 7503 7.495 Conodence Window  [61bins
Exposure Time 1b Exposure Time |1k
50 Ohm Input Term. ¥ on 50 Ohm Input Term. ~ on
TDC Self Test TDC Seif Test
Channel Channel
) e e e | Filr2srarsrsl 25 s
Period Period
1ps [1ps
Burst Periods Burst Periods
3 I3
Burst Distance SR
[6us [6ps

4.833 4815
1.668
1.024
0 )
ch1 ch2 ch3 Ch4 h1 2 Ch3 Ch4

Data Loss Indicators TmeDiffs  Coinddence Counters | Histo Data Loss Indicators Time Diffs  Coincidence Counters | Hist
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TDC Channel Enable TDC Channel Enable
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F1FM2FM3FaNsMeRM7Fs 1 Fi1 M2V s PaFis Vs WM7We
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Colnckdesics Window 61bmns Coindidence Window 61bins 7.503 _ 7.495
Exposure Time 1k Exposure Time 1k
50 Ohm Input Term. W on 50 Ohm Input Term. ¥ on
TDC Self Test TDC Self Test
Channel Channel
Fr 2z sear s sl 701 s ] e |
Period Period
1us [1us
Burst Periods Burst Periods
3 [3
Burst Distance Burst Distance
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1.663
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) o
chi ch2 ch3 chs ¢ ch1 ch2 ch3 Ch4
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Fig. 5: The number of detected photons for HWP, angles of (a) 0, (b) 22.5, (c) 45 (d) 67.5, were: chl counts the
photons detected by IDQ1, ch2 counts the photons detected by 1DQ2, ch3 counts the photons detected by MPD1, and
ch4 counts the photons detected by MPD2.
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Kges can be estimated from the number of photons detected by four SPCMs [17]

Nrpe = Waes f Na (12)

Where
Nrpc is the number of detections per second measured by TDC.
Na is detection efficiency for SPCM.

Hdaes = (13)

The detection efficiency for each arm of the receiver setup can be calculated as,

Nai = 77c><77b;; XNBOb (14)
t

Where

Ne is the quantum efficiency of the SPCM.

Np; is the branching efficiencies, defined as the probability of a photon reaching a specific SPCM,

where 1= 1,2,3,4 for the four branches of the BB84 receiver.

NBob 1S the transmittance of Bob components.

. oo . Precei
Ne  is channel transmissivity determined as, where 1, =—reeed

Ptransmitted

Table 3 shows the parameters used to calculate the detection efficiency.

Table 3 Experimental parameters used in the detection efficiency calculation.

Parameters Value
Detector efficiency of (ID100) Mp100 36%
Detector efficiency of (MPD) Nypp 37%
Transmission of Polarizing beam splitter Trpsi21 90%
Transmittance of Half Wave plate T AHWPO5M—600 98%
Transmittance of Neutral density filter TNE13B-A 5%
Branching efficiency My 50%

Channel transmissivity for a channel length of 1.5 m n, 96%

Where 14; is the detection efficiency for each arm of the BB84 receiver

_0.36X0.5x0.9x0.98

” 2 =0.165

_0.36%0.5X%0.9%0.98
0.96

Naz =0.165
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_ 0.37X0.5%0.9

Naz = 0.96 =0.173

_ 0.37X0.5%0.9

Nds =590 = 0.173
From the above relationship 7, can be defined as,[17]

1
nd=;ani (15)

0.165+0.165+0.173+0.173
Na= 2 ~0.17

By substituting the value 14 in equation (13) the value of p4,5 can be obtained as listed in Table (4)

Table 4. values of mean photon number estimated from Eq. (13).

HWP Ncpy Ncp2 Ncp3 Nips Niotal Haes
0° 7503 7495 9032 1668 25698 0.15
22.5° 10309 1024 4833 4815 20981 0.12
45° 7359 7338 233 7870 22790 0.13
67.5° 1259 21158 4633 4587 31637 0.19

The fluctuation in the mean photon number with the variation of the HWP angle is attributed to several
factors, such as imperfect optical components specifications and detection efficiency mismatch.

4. Conclusion

Based on the experimental results, it can be concluded that the mean photon number can be estimated with
enhanced accuracy by considering the detector efficiency, branching efficiency, and transmission efficiency
within the BB84 detection setup. Additionally, by employing a simplified configuration consisting of only
two neutral density filters (NDF), a half-wave plate (HWP), and a polarizing beam splitter (PBS), our
suggested configuration reduces the need for additional filters to optimize the target mean photon number.
This approach facilitates more efficient and precise measurements in QKD systems as it employs SPCMs
with low dark counts and high timing resolution and TDC with a time resolution reaching 81ps .
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Abstract: Laser is an advantageous system that can be used in different medical applications, and one of them is
soft tissue handling in periodontal and surgical dentistry. The recent research aimed to histologically compare the
erbium, chromium YSGG laser, and wavelength-dual diode laser in oral surgical incisions according to cutting
morphology.

Method: This was an ex vivo study using the pieces of tongue from the sheep as samples. 810(50%) + 980 (50%)
nm diode laser was operated continuously (CW) with two average powers: 1.5 and 2.5 W. 2780 nm erbium, chromium
YSGG laser was used in pulse mode with two average powers: 2.5 and 3.5 W. Incisions were made on the tongue
parts, and after histopathological processing, the regularity and morphology of the incision and the cutting depth of
each incision were measured under a light microscope.

Results: The regularity and morphology of erbium, chromium YSGG laser incisions were significantly higher in
quality (especially those of the low output power of 2.5 W) than those of the diode laser (P value < 0.05). The cutting
depth was significantly higher when the power increased, no matter the type of laser system (P value < 0.05).
Conclusions: Most regular incisions have been achieved with 2.5 W power of Erbium, Chromium YSGG laser.

Keywords: Laser; soft tissue; histology; incision; morphology.

1. Introduction

Soft tissue lesions within the oral cavity are very common and can have various clinical signs, including
mucosal ulceration and nodular and colored lesions. These lesions may be painful or not, and they may be
uncomfortable for the patient during food mastication, speech, or appearance. Clinicians must be able to
distinguish between normal findings, anatomical variation, and abnormal tissue proliferation (pathological
conditions) [1], [2]. Drugs, hot or spicy food, mechanical or chemical trauma, and immunological and
systemic disease are different causes leading to these lesions, or they may be idiopathic. Some of the oral
soft tissue lesions required surgical removal for histopathological diagnosis [3]. The laser is one of the most
advanced surgical modalities and has an effective role in oral soft tissue treatment [4].
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The semiconductor GA As powers the diode laser (DL) by producing wavelengths 400 to near IR spectrum.
The majority of diode lasers use a flexible optical fiber to send laser beams in either a continuous or gated
pulsed mode to the working field [5]. DLs operating with spectral ranges of 8§10 and 980 nm have been
considered as a potential tool for oral soft tissue surgery [6]. Diode lasers are effective in cosmetic surgery
such as gingivectomy and excision of oral lesions such as pyogenic granuloma and epulis fissuratum. Diode
laser treatment offers advantages such as no bleeding, a clearer field, a shorter operation time, a disinfected
site, faster healing, minimal postoperative pain, and a lower cost [7], [8].

Erbium, Chromium YSGG laser at 2780nm wavelength, free running pulsed laser, has proved to be
useful for treating many hard tissue procedures and soft tissue operations since both water and
hydroxyapatite crystals absorb a significant amount of this laser [9]. Er, Cr: YSGG laser was effective in
oral soft tissue surgery such as gingivectomy and implants as it preserved the morphology of fibroblasts
with no evidence of carbonization and less thermal damage extent in the tissue [10], [11].

The novelty of the research was using a dual-wavelength diode (810 nm most coagulated diode laser

and a 980 nm laser, which is used more in fibrous tissue) in soft tissue incision and also using the pulsed
laser (Er, Cr:YSGG), which is less used in soft tissue surgery.
Histologically, few studies compare both diode and Er, Cr: YSGG laser systems and no one talks about the
most regular and deepest incision by the clinicians in both lasers. Current research aimed to histologically
compare the morphology of cutting by both diode and Er, Cr: YSGG lasers to get the smoothest and the
most regular incision in oral surgery.

2. Methods

2.1. Study design and samples collection

It was an experimental comparative study in animal specimens to evaluate both lasers with two different
powers in every system for a more specific result between two wavelength laser systems. The variables
were laser wavelength and average power.

The source of the samples was the tongue of the recently slaughtered Iraqi sheep (five tongues) aged 8— 17
months and irradiated within five hours after slaughter. The incision was made on the lateral surface of each
tongue after cutting into small pieces; the dimensions of each piece were 1.5 cm length*2 cm width*1 cm
thickness (Figure 1). For each laser type, there were two groups with two different average powers, each
with seven pieces, so the whole number was 14 for each laser system.

2.2. Laser systems

The dual-wavelength diode laser (QUICKLASE 12W dual 4 (810+980), England, UK) was used with an
optical fiber delivery system in continuous emission mode (CW), and a power meter (PINTUDY,
Guangzhou, CN) was used for power adjustment. The second system was the Erbium, Chromium YSGG
laser (WATERLASE I PLUS, California, USA) with a gold handpiece and MZ6 tip in pulse emission mode
(PW). (The complete illustration of the laser group's parameters is shown in Table 1).

The laser radiation was made perpendicularly on the piece of tongue in contact mode, so the incision was
made with a 1.5 cm length adjusted in 20 sec, and the horizontal speed of the operator was 0.75 mm/sec.

2.3. Histology

After finishing the laser surgery, each piece was placed in 10% formalin and sent for histological processing
in the histopathological lab. The blocks were sectioned at five micrometers in microtone; the first section
was neglected, and from each block, three sections were selected for Hematoxylin and Eosin (H&E)
staining. The number of slides for each laser single group was 21, and 84 was the total number of slides.
The microscope that was used for reading the results was the light microscope (GOWE Lab Instrument
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Laboratory Binocular Head Biological Microscope, Japan) with an additional camera (5 MP USB CMOS
Camera Microscope Digital Electronic Eyepiece with 0.5X C Mount Lens, mainland China) and software
computer program (S-EYE 2.0, China).

The histological assessment criteria:

- Morphology and regularity of the incision: it has been scored from zero to four, where zero is the least
incisional quality and four is the highest incisional quality (very ideal incision, which is similar to a cold
blade incision, scored 4; the very rough and worst quality scored 0, with >2 smooth, linear borders mostly
of the incisional margins and < 2 rough and uneven edges in most incisions).

- The depth of each incision: it has been measured in micrometers.

2.4. Statistical analysis

Data statistical analysis has been performed by SPSS. For data comparison between two systems and the
four groups, the unpaired t-test, Mann-Whitney test, post hoc-tukey test, anova one-way test, and Kruskal-
Wallis test were employed. The level of significance was 0.05.

3. Result and discussion

3.1. Result

A. Morphology and regularity of the incision

The Mann-Whitney test compared the medians of all samples of both laser systems and showed that the
morphology and regularity of the incision quality of the erbium, chromiumYSGG laser was significantly
higher than that of the diode laser, with a P value of 0.048 (<0.05), as shown in Table 2 (Figure 2 (a)).
When the Kruskal Wallis test compared the medians between the four groups of both laser systems, no
significant difference was seen; the P value was 0.075 (>0.05), as shown in Table 3. Mann Whitney test
compared the medians of each two groups of lasers: P value = 0.284 between first Group (G1) and G2, P
value = 0.169 between G1 and G3, P=0.875 between G1 and G4, P= 0.005 between G2 and G3, P=0.201
between G2 and G4, P = 0.233 between G3 and G4. This means that the only significant difference can be
found between G2 (2.5 W diode laser), where less quality of incision was seen, and G3 (2.5 W erbium,
chromium YSGG laser), where higher quality of incision was seen (P<0.05), as shown in Table 4.

B. Cutting depth of the laser

The unpaired t-test compared the means and standard deviations (mean + SD) of all samples of both laser
systems. It showed that in the depth of the incision, between the Er, Cr: YSGG laser and diode laser, it was
not significant difference, P=0.212 (>0.05), as shown in Table 2. An ANOVA one-way test compared the
means and standard deviations between four groups of both laser systems; they were significantly different,
P value = <0.001 (Figure 2 (b), as shown in Table 3. A post hoc Tukey test compared the means and SDs
of each of the two groups: P value = 0.424 between G1 and G3, P value =0.826 between G2 and G4, and P
value = <0.001 between all other two groups. This means that there was a high significant difference
between every double groups except between 1.5 W of DL (G1) and 2.5 W erbium, chromium YSGG laser
(G3), and between 2.5 W of DL (G2) and 3.5 W erbium, chromium YSGG laser (G4), where nearly similar
depths of the incisions were produced in these groups, as shown in Table 4, Figure3 illustrated some
sections with regularity scores and depth measurement of the incision.

3.2 Discussion

The discussion of the first criterion, that every laser system works with a different delivery system since a
small flexible fiber optic with bare glass fiber of diode is less controlled than that of the MZ6 of erbium,
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chromium YSGG laser, which was rigid and not resisted by the tissue of the tongue according to the
operator observation, second cause the higher power on any laser system can lead to less regularity due
increase the power density which leads to more area being exposed to the photothermal effect; this leads to
more histological artifacts through the tissue, then more irregular cutting, the significant difference between
the highest power of diode and lowest power output of erbium, chromium YSGG laser is a clear example
of this discussion, as in previous research, the diode laser of 980 nm and higher power 4W gives the poor
quality of laser incision [12].

Additionally, depending on the laser category, other variables impact the results including the emission
mode and the radiation frequency. As in the previous research, greater quality of incision was shown in the
specimens with a high frequency and low power output of radiation [13]. Also, the specimens with lower
tissue damage extent show better incisional quality, as in previous research the higher regularity score
(mean) had been shown at Er family, especially with 20 Hz frequency and long pulse, and lower incisional
quality had been seen at the diode laser [ 14]. Current result is controversial to the earlier study that said the
creation of the micro-explosions of Er family laser on the tissue was the reason for the irregular shape
(rough edge) of the incision [15]. The presence and absence of water or air spray also affect the regularity
of this incision [14], [16]. This study shows that the wavelength and radiation per unit area affected the
regular shape of the incision.

Regarding the second criterion, the choice of laser wavelength, laser parameters, and the
implementation of control systems have an important part in determining the cutting depth of soft tissue
incisions by laser [17]. In this current study, the laser parameters were chosen according to the surgeon's
usage of these two laser systems in the oral soft tissue incision. According to the results, the low power of
the diode laser had nearby cutting depth to the low power of the erbium, chromium YSGG laser, and the
high output of the DL also had a comparable cutting depth to the high output of the erbium, chromium
YSGG laser. This means the cutting efficiency of each of the two low or high parameters was comparable
for the two laser systems, but the cutting depth was different in the power increase of each system. This
means that the cutting depth did not show wavelength-dependent but nearly a linear response as laser power
increases, and this agrees with previous studies [18], [19]. This was a controversy over a previous study
that showed that when the wavelength increased from 810 to 1064 nm, the cutting depth decreased, and the
cutting depth was not power dependent [5]. Fornaini et al. showed that the diode laser's incision depth
ranges from 2 to 6 mm [18].

In oral tissues exposed to laser radiation, photon energy is converted to thermic energy through

absorption. This results in a variety of thermal changes, which can include brief heating (between 42° and
50°), Denaturation of proteins and coagulation at 60°C, vaporization and ablation at 100° C, or even
carbonization (over 200°C). This photothermal effect causes histological changes in the incisional and peri-
incisional areas [21].
In the diode laser, the laser-tissue interaction mechanism depends on the radiation's absorption within the
correlated chromophores. In the 800—1000 nm range of wavelengths, hemoglobin (L A) =4.1-1.1 cm-1 and
melanin (u A) = 134-61.7 cm-1 are the principal absorbers [5]. Thus, there is very little absorption in water
(nA)=0.02-0.36 cm-1) [5]. This shows that the diode laser is not ideal for soft tissue cutting because the
laser energy in the continuous mode spreads through a vast region of tissue, and there is a higher chance of
larger thermal damage leading to less regular incision; nevertheless, excellent coagulation and hemostasis
are produced by this energy's strong blood absorption [12].

In the erbium, chromium YSGG laser, the water is the main targeted chromophore, so it is an ideal
system for soft tissue surgery with little heating in the surrounding tissue, thermal damage extent, and
histological artifacts [22], [23].

Erbium lasers are a great option for surgical soft tissue operations since they feature water as their principal
chromophore and also because they are pulsed lasers, which allows for thermal relaxation time, less thermal
damage, and a more regular shape of the incision [11].

3.2.1 Figures, and Tables
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Fig. 1: Sample preparation and irradiation with Er, Cr: YSGG laser.
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Fig.2: (a) Morphology and regularity of incision, the result between the samples of two laser systems (b) Cutting
depth in the samples of the four groups of two lasers.
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(Score 3)

G3

Fig. 3: Histological changes including regularity scores and incision depth in slides from four study group (4X
magnification).

Table1. Detailed descriptions of laser parameters

Tip/
Average Pulse Power Fiber
Laser system Power(W) Water/Air Frequency . Peak . .
roup &Energy Spray % (Hz) Duration Power Density Optic
g (nsec) W/ cm? Diameter
Per Pulse
(pm)
Groupl: Diode
dual A(810+980nm) L3CW) — — — — 11538 (400)
Group2: Diode
dual % (810+980nm) 2:5(CW) — — — — 1923 (400)
Group3:
Er,Cr:YSGG iég)’?lse 10/10 50 700 71.43 892.8 (600)
2,780 nm P
Group4:
S(P
Er,Cr:YSGG i (frflJ)le)llse 10/10 50 700 100 1250 (600)
2,780 nm P
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Table 2. Data analysis between two laser systems samples.

Diode laser Er, Cr: YSGG laser P

Criteria Test type N=42 N=42 value

Morphology regularity of )
Mann-Whitney test

the incision score (0-3) ) 1(0-3) 2 (0-3) 0.048
median (range)

Cutting depth of the Unpaired t-test
284.6+74.46 263.67+77.87 0.212
incision (um) Mean+ SD

Table 3. Data analysis between four groups of different powers and lasers.

criteria Test Group 1 Group 2 Group 3 Group 4 P
Type N=21 N=21 N=21 N=21 value
Morphology Kruskal 1(0-3) 1 (0-2) 2 (0-3) 1(0-3) 0.075

and regularity ~ Wallis
of the incision  test

Depth (um)  ANOVA  236.62+34.6 332.57+73.05 209.81427.24 317.52£74.82  <0.001
one-way
test

Table 4. Data analysis between every two groups of the different powers or lasers.

Criteria Test type 1st group 2nd group P value
2.5 W Diode 0.284
1.5 W Diode 2.5 W ERCR 0.169
Morphology and Mann 3.5 W ERCR 0.875
regularity of the Whitney
o . 2.5 W ERCR 0.005
incision test 2.5 W Diode
3.5 W ERCR 0.201
2.5 W ERCR 3.5 W ERCR 0.233
2.5 W Diode <0.001
1.5 W Diode 2.5 W ERCR 0.424
Cutting depth of the post hoc 3.5 W ERCR <0.001
incision (pm) Tukey test 2.5 W ERCR <0.001
2.5 W Diode
3.5 W ERCR 0.826
2.5 W ERCR 3.5 W ERCR <0.001

4. Conclusion

The microscopic investigations performed in this work have led to the finding that erbium, chromium
YSGG laser samples, specifically the low-power (2.5 W) samples, produced the highest degree of incision
regularity. The deepest incisions have been shown with the higher power outputs of the erbium, chromium
YSGG and diode lasers (G2 and G4), while the shallowest cutting depths have been shown with the lower
powers of the two systems (G1 and G3).
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Abstract

Background: Hemorrhoids are a prevalent anorectal issue around the world, which can afflict a large number of
people each year. Hemorrhoidal vein(s): When these veins become dilated and enlarged, they will turn into a morbid
condition called hemorrhoidal disease. Lasers are mainly used to cut and or coagulate tissue. In this study, a 1470nm
diode laser was used for the treatment of 10 cases with 2nd, 3rd, and 4th-degree hemorrhoids enrolled for
hemorrhoido-plasty.

Aim of the study: Evaluation of the use of 1470nm-diode laser for treatment of second, third, and fourth-degree
hemorrhoids by coagulative method and evaluate any possible complications.

Patients, Materials, and Methods: This is a prospective study with ten patients (all male). All patients were
from the private clinic and were operated on using a 1470 nm diode laser for laser hemorrhoidoplasty between June
2022 and October 2022. All patients were surveyed and reported having one or more of the complications listed in the
questionnaire paper (if any). Local anesthetic was used during the procedures.

Results: Patients experience mild pain during the administration of local anesthesia drugs. In the first postoperative
week, mild pain in seven patients (70%) and moderate in three patients (30%). No patient experienced significant
primary bleeding after the operation, and five patients (50%) had a seromucous discharge from the site of the operation
that lasted for two to six days. No patient experienced infection. Urine retention was experienced in two patients
(20%). With the exception of one patient who had minor skin prolapse, all patients saw improvements in their pre-
operative symptoms and the disappearance of the hemorrhoid. During the follow-up period, none of them need to have
a second laser treatment session. During the (four-week) follow-up period following the laser hemorrhoidoplasty,
there was no recurrence observed or detected during the follow-up period, which was four weeks after the laser
haemorrhoidoplasty. Every patient goes back to work within three to five days. All patients were satisfied with the
outcome of the operation despite the minor complications that occurred post-operatively.

Conclusion: The clinical application of the 1470nm diode laser in surgical operations shows promise for routine
use. It is a safe, acceptable, and remarkable substitute for traditional surgical treatment techniques and can be regarded
as practical, effective, and easy to use

Keywords: 1470nm, diode laser, Hemorrhoids, haemorrhoidoplasty, treatment.
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1. Introduction

Hemorrhoids may afflict over a million people annually; it is one of the most prevalent benign anorectal
morbid disorders in the world [1]. The Hemorrhoids are defined as engorgement and distal displacement of
typical anal cushions. One of the most important characteristics of hemorrhoids is the aberrant dilatation
and distortion of the vascular channels, along with alterations in the breakdown of the connective tissue
that supports the anal cushions. Hemorrhoidal venous cushions are normally found in structures of the ano-
rectum and are always present unless an earlier intervention has been performed [2].

When the patient is in the lithotomy position, internal hemorrhoids, which are symptomatic anal
cushions, typically lay at the 3, 7, and 11 o'clock positions. Furthermore, internal hemorrhoids at the
secondary position are found in the space between the main site masses. External hemorrhoids are not actual
hemorrhoids; instead, they are associated with venous channels of the inferior hemorrhoidal plexus, which
are located deep in the skin around the anus. Typically, thrombosis, a painful acute condition, is the reason
why external hemorrhoids are first identified [3].

Hemorrhoids are a type of disease that may cause patients symptoms and other complications. Bleeding,
discharge, itching, pain, and symptomatic prolapse are the complaints [4].

Hemorrhoids incidence is as many as 36.4%. The human body normally has hemorrhoidal veins.
Hemorrhoidal disease is a morbidly symptomatic disorder that develops as these veins enlarge and dilate.
Straining will encourage vein congestion and hasten the development of hemorrhoids; it is common to see
multiple cases in the same family and may have a significant genetic component. Vein dilatation is
influenced by weightlifting, pregnancy, and any illness that raises intra-abdominal pressure. [5]

In general surgery, the primary uses of lasers are in tissue coagulation, vaporization, cutting, and
excision. For most circumstances, "laser surgeries" essentially substitute the other devices used in
conventional surgical (instruments) including electrocautery, cryosurgery, and scalpels. It was suggested
that lasers will enable surgeons to perform more difficult procedures.[9](like fourth-degree hemorrhoids
with no major wound, bleeding, or pain)

1.1 Study objectives

Assessment of the safety and effectiveness of the use of 1470nm-diode laser for treatment of second, third,
and fourth-degree hemorrhoids by coagulative method and assessment of any possible complications and
patients' satisfaction.

2.1 Patients

This is a prospective study with ten patients (all male). All patients were from the private clinic and were
operated on using a 1470 nm diode laser for laser hemorrhoidoplasty between June 2022 and October 2022.
Ten patients with symptomatic conditions of second, third, and fourth-degree hemorrhoids were included
in this prospective study; all were male. The patients underwent laser hemorrhoidoplasty using a 1470nm
diode laser at a private clinic under local anesthesia between June 20, 2022, and October 31, 2022. Patients'
ages ranged from 32 to 65, with a mean age of 44.8 years, following a thorough description of the treatment
and a discussion of its potential benefits and drawbacks as well as any anticipated complications.
Preoperative evaluation: A case sheet was designed exclusively for the purpose of reviewing each patient's
healthcare details and records. Age, symptoms (bleeding and discharge, nodule, itching, pain, and
symptomatic prolapse), any prior surgeries, and past medical history are all considered a part of the patient's
history.

A verbal agreement was obtained, a clinical evaluation of the patients and hematological investigations
for virological infection, and complete blood count. Proctoscopy and digital rectal examination are part of
the preoperative evaluation, which determines the degree of hemorrhoids, the number of piles, and any
accompanying lesions or masses (if any).
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A. Inclusion criteria

This study includes all patients who are older than 18 and have hemorrhoids of the second, third, or fourth
degree.

B. Exclusion criteria

We excluded from our study patients with severe co-morbid illnesses, anal fissures, fistulas, and those who
have first-degree hemorrhoids.

2.2 The Material

The medical laser system and accessories:
2.2.1. Laser system Specification

The laser system employed in this study was a class IV Medical laser system, a 1470nm diode laser that
emits light at a wavelength in the near-infrared spectrum. The surgeon configured the laser aperture power
output to vary between 0.5 and 15 Watts. Wuhan Dimed Laser Technology Co., Ltd. is the Chinese
manufacturer of the diode laser (CHEYLAS-45JN) that is utilized, as shown in Figure 1.

Fig.1. laser device used.

2.2.2 Equipment

The following items are arranged on a tray with drapes, as shown in Figure 2. Allis tissue forceps, hypo-
allergic surgical tape (4 inches), medical steel kidney dish, half-cut C-shaped proctoscopy, two syringes of
5 and 50 milliliters, Gauze swabs, Lidocaine solution 1% (50 milliliters), 100 milliliters of 0.9% isotonic
normal saline, Lidocaine gel 5%, and a pair of gloves.

Also, doctor Google and completely shielded patient goggles are used during laser irradiation, as shown in
Figures 3 and 4.
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Fig.2. Equipment.

Fig.3. Doctor google.

Fig.4. Completely shielded patient google.

2.3 Procedure

With the patient in the lithotomy position and an antiseptic 10% povidone-iodine solution applied, No IV
N.S.A.LLD. or sedation was used; instead, a 25 ml solution containing 1% lidocaine without epinephrine
diluted by 25 ml normal saline (0.9%) (total 50 ml) was injected into the skin around the anus (4-5 ml) and
deep in four quadrants around the anal canal (at 2-, 4-, 8-, and 10- o'clock) at a volume of roughly 10 ml
each. Following the administration of local anesthesia, the c-shaped proctoscopy is inserted through the
anus in order to identify the pile(s). Next, utilizing a laser handle with the bare optic fiber of 600um diameter
with an SMA905 connector, fixed 2-3mm beyond the edge of the terminal cannula, the laser energy is
delivered at 8.0W power in pulsed mode, entering at the much-cutaneous junction at the base of the pile
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and progressing to its pedicle. The pilot laser serves as a guide for the tip and depth of the laser optic fiber.
Each pulse lasted 3 seconds (on) with a 0.6-second interval (off), (6.67Joules), using fan shape technique,
the total amount of energy ranged from 150-200J per pile accordingly. A partial shrink of the pile volume
serves as a sign to cease further radiation. To prevent overtreatment (overheating of the tissue), wet gauze
with 0.9% normal saline was applied to a pile after each full set of pulses, with some pressure maintained
for approximately thirty seconds. The skin opening kept open.

2.4 post-operative treatments

For each patient, postoperative follow-ups were recorded. Fix a date for the next follow-up visit, giving
him a prescription for antibiotics and analgesia as follows:

1- Injectable antibiotic for 2 days followed by oral one for another 5 days.

2- Single injectable analgesic on the first day (if needed), followed by oral analgesia for 3-5 days.

3- Use of sitz bath twice daily for 15 minutes each time for the first 5 days.

3. Result and discussion

3.1 Results

The results of this study are based on the clinical evaluation of every patient through examination,
complaints made by the patient during the procedure, and post-operative and clinical follow-up. Under local
anesthetic, the surgery was tolerated by all of the patients. Ten patients are male. According to the grade of
the pile(s), they were divided into three grades: grade two, consisting of six patients; grade three, consisting
of three patients; and grade four, consisting of one patient. As shown in Table 1.

Table 1. Grades of hemorrhoids in 10 patients.

Grade No. of Patients Percentage (%)
2M degree 6 60%
3" degree 3 30%
4™ degree 1 10%
Total 10 100%

In terms of the number of piles, there are four patients with three piles: two with second-degree piles and
two more with third-degree piles; four patients with two piles, three of them with second-degree piles and
the last one fourth-degree; and two patients with one pile, one of which is second-degree and the other
third-degree, as shown in Table 2.

Table 2. Number of piles in each patient.

Number of Piles No. of Patients Percentage (%)
(2pat.)with 2nd  (2pat.)with 3rd
3 degree degree 40%
Total 4
(3pat.)with 2" (1pat.)with 4"
2 degree degree 40%
Total 4
(Ipat.)with 2" (1pat.)with 3™
1 degree degree 20%
Total 2
Total 10 100%
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After a 30-day follow-up, the hemorrhoid disappeared in all (100%) of the patients, with the exception of
some redundant skin in the fourth-degree one. None of them required another laser therapy session. None
of the patients experienced any serious intraoperative or postoperative complications; therefore, there was
no need for hospitalization. During the four-week follow-up period following the laser hemorrhoidoplasty,
no recurrence was found.

3.2 Post-operative complications/follow-up
Patients were followed on the 1st, 2nd, and 4th Post-operative weeks.

1. Pain was classified as mild, moderate, and severe, as the patients described it, to simplify the patients'
pain assessments. Seven patients (70%) had mild pain, including two with three (second-degree) piles, three
with two (second-degree) piles, one with one (second-degree) pile, and the final patient with one third-
degree pile; three patients (30%) had moderate symptoms, including one with two (fourth-degree)
hemorrhoids and two more with three( third-degree) piles, as indicated in table (3-3); the first postoperative
day's pain necessitated the use of an injectable NSAID analgesic (olfen ampoule) to manage the pain, and
then the pain decrease in the following days.

2. Bleeding and discharge:

As indicated by Table (3-3), no patient experienced significant primary bleeding (spontaneous bleeding
after surgery) or reactionary bleeding (post-defecatory bleeding). Five patients 50% experienced a sero-
mucus discharge; one patient had two (fourth-degree) piles (10%), two (third-degree) piles (20%), and two
(second-degree) piles (20%). Postoperative seromucus discharge is identified by simple underwear soiling
that lasts for two to six days until it ceases on its own without medical intervention.

3. Retention of urine:

This happens in two patients (20%), one of whom had three piles of third-degree hemorrhoids, and the last
one had two piles of fourth-degree hemorrhoids and BPH. Both patients complained of burning during
micturition and had minor difficulty urinating. The patients were treated conservatively with analgesics and
encouragement to urinate; no additional intervention was required, as shown in Table 3.

4. Infection According to Table 3,

no patient (zero%) developed an infection during the postoperative period, and the postoperative period
passed unnoticeably regarding the infection of the surgical site depending on the antibiotic regimen
mentioned before.

5. Return to work:

Three patients (30%) return to work after five days, one with two (fourth-degree) hemorrhoids and two
more with three (third-degree) hemorrhoids, because of pain, as mentioned before "three patients (30%)
had moderate symptoms, including one with two (fourth-degree) hemorrhoids and two more with three(
third-degree) piles". Whereas seven patients (70%) returned after three days, those with mild pain as
mentioned before, "Seven patients (70%) had mild pain, including two with three (second-degree) piles,
three with two (second-degree) piles, one with one (second-degree) pile, and the final patient with one third-
degree pile" as shown in Table 3.

6. Satisfaction:

All patients (100%) are satisfied with the results of the operation and postoperative complaining, apart
from the redundant skin of the one patient with 4th-degree piles who are reassured that this is not significant,
as shown in Table 3. Yet they are completely satisfied with the result as no active bleeding, mass, itching,
pain, symptomatic prolapse, or feeling of incomplete defecation.

7. Recurrence: As seen in Table 3, there was no recurrence during the follow-up period (0%) in this study.
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Table 3. The results of the patients.

Post-operative

complications / N?' of Percentage (%) Grade N‘.)' of
Patients Piles
follow up
No pain 0 (0%) / /
Mild 7 (70%) 2" and 3" degree  Three, two, one piles
Moderate 3 (30%) 3 and 4" degree Three, two piles
Sever 0 0% / /
-1 pat./2piles of 4"
Bleeding & discharge degree, -2
Sero-mucous 5 (50%) 27d 31 and 4t pat./3piles of 3
discharge ° degree degree, -2pat./3piles
of 2" degree
Retention of urine 2 (20%) 4™ degree*! and 3™ two piles
degree three piles
Need catheterization 0 0 0 0
Infection 0 0 0 0
7 after three 70% nd d Three, two, and one
days 2" and 3" degree .
Return to work 3 after five 4" and 3" degree pile
q 30% g Three and two piles
ays
. . 2nd 3rd Three, two
0, > > >
Satisfaction 10 100% and 4"*2 degree and one piles
Recurrence 0 0 0 0

*l with BPH
*2 with redundant skin

3.3 Discussion

This study uses a diode laser operating at 1470 nm to treat hemorrhoids by minimally invasive laser-induced
interstitial thermotherapy (coagulative effect, as mentioned before). The following characteristics were to
be prospectively assessed in this study: pain, bleeding, retention of urine, surgical site infection, return to
work, and overall patient satisfaction. Few cases in this study had post-procedural complications.
Regarding postoperative pain, mild pain had occurred in (70%) of cases and moderate pain in (30%) of
cases. This is in agreement with Brusciano et al. using Laser hemorrhoidoplasty (1470 nm); there were no
major postoperative problems. Average level of pain after surgery: VAS (Visual Analog Scale) 2 (first 3
days)[6]. (Complication) Also in agreement with Paolo Giamundo Comparison: hemorrhoid laser operation
(980 nm) versus band ligation Median post-operative pain VAS score 1.1 in laser hemorrhoid procedure
[7]. Also, in agreement with Ferhatoglu et al. Hemorrhoidoplasty with laser (1470 nm) pain after 2 days of
operation mean VAS score of 2.85 [8]. This is consistent with the hybrid digital guided HAL (hemorrhoidal
artery ligation) with laser hemorrhoidoplasty scores of 2.82 and 1.28 on the third and seventh postoperative
days, respectively, reported by De A et al. [9]
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Regarding bleeding and discharge in this study, it is classified as:
1. Spontaneous bleeding post-operatively.

2. Post-defecation bleeding.

3. Sero-mucus discharge post-operatively.

There was no post-operative spontaneous bleeding or post-defecatory bleeding. In five cases (50%),
there was a small amount of post-operative sero-mucus discharge, which lasted for two to six days after
surgery before stopping on its own without the need for further treatment and bothered the patients because
it was a hygienic concern.

In the study of Cantarella Francesco et al., in 15.4% of cases, seromucous discharge from the small
incisions was observed in the first few weeks after therapy. There were no occurrences of postoperative
bleeding. [10]. In a study of Hassan et al., Two cases (10%) out of 20 cases in the open hemorrhoidectomy
group had bleeding, whereas one case (5% of the cases) in the laser hemorrhoidoplasty group had bleeding
(the patient was taking aspirin) [11]. Regarding infection and abscess formation, no patient in this study
suffers from infection. In the study of Cantarella Francesco et al., One out of 25 cases, or 4 percent, had an
abscess [10]. In the study of Hassan et al., In the group that underwent laser hemorrhoidoplasty, one case—
or roughly 5% of the total—had an abscess. [11]

Two individuals (20%) experience burning sensations during micturition with minor difficulty in
urinating. These patients are treated conservatively with analgesics and encouraged urination; further
intervention is not necessary. One patient had two fourth-degree piles and BPH; both conditions are
attributed to his post-operative symptoms related to this problem; the second patient had three third-degree
piles. In a study by Cantarella Francesco et al., Three out of 25 patients, or 12% of the total, experienced
acute urine retention; this was most likely brought on by the spinal anesthetic rather than the surgery. [10]
In studies by De A et al., Hassan et al., and Sabanci et al., Urine retention is not listed in their studies as a
postoperative complication [9, 11, 12]. During the four-week follow-up phase, there is no recurrence rate
in this study. In a study by Cantarella Francesco et al., Two out of twenty-five cases (8%) had the recurrence
of recurrent post-operative bleeding, which happens three to six months after the treatment[10]. In the De
A et al. study, Four patients experienced an occasional bleeding recurrence, and two out of 42 patients
reported an incomplete prolapse cure after an average follow-up of sixteen months [9]. In a study by A.N.M.
Jane Alam et al., The recurrence rate of hemorrhoids at a one-year follow-up was 5% [13]. In terms of
satisfaction and return to work, all cases (100%) do so within three to five days after the procedure, and
most patients are pleased with the way the pre-operative symptoms have resolved. This concurs with De A
et al. In an average of 5.8 days following surgery, all patients resumed their regular activities [9].

3.4 Limitations of the Study

In this study, there are some limitations:

1. Small sample size.

2. Short follow-up period.

3. No comparative group.

4. All patients were male, no results and complications comparisons with female patients.

4. Conclusions

Diode 1470nm laser hemorrhoid-plastic is a safe and effective procedure associated with a low incidence
of postoperative complications, despite the limitations of this study, which primarily focused on the
feasibility, safety, and short-term outcome of the procedure. However, it does require the availability of
instruments (Diode laser system) and a skilled, well-trained surgeon. For the treatment of hemorrhoids,
these are superior tools to traditional surgical methods, as the hemorrhoidectomy is considered as the gold
standard regardless of its surgical technique, as it resects the diseased tissue at once. Yet, it may cause pain,
mucosal stenosis or anal stenosis, prolonged healing time, and bleeding postoperatively (early and delayed).
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For all that many patients refuse operative management, laser hemorrhoidoplasty is a minimally invasive
procedure that is considered an alternative that resolves all the above concerns, so it is superior from this
point of view.

By employing laser interstitial thermotherapy, tissue coagulation can be accomplished with lower power
densities than with tissue cutting. The benefits of using a laser include its ability to stop bleeding from
severed vessels (haemostasis), its tolerance by patients under local anesthesia, and its decreased risk of
complications during or even after the operation. So, 1470nm laser hemorrhoido-plasty is:

Safe.

Effective procedure.

Low incidence of post-operative complications.

Post-operative pain is more with increased no. of piles and their degree.

Sero-mucous discharge again is more with increased no. of piles and their degree.

6. Retention of urine is more with those who had BPH, 4th-degree hemorrhoid, and more no. of piles.
(more pain).

7. Return to work lasts longer in those with more pain and thence larger piles or more no. of haemorrhoids,
faster than respective procedures.

8. Redundant skin is seen in 4th degree pile(s), although it is not significant but bother the patient and may
consider the operation is poor, under treatment or recurrence.

Al ol e
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