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Abstract: To assess the therapeutic efficacy of fractional CO. laser and MI varnish alone and their combined effects
in two cases ( CO: Laser before and after the application of MI varnish). Method: 60 enamel samples were prepared,
and then the samples were passed through the pH cycling process to induce a demineralized enamel surface. The
samples were categorized into five groups: control, CO: laser, MI varnish, CO: laser with MI varnish, and MI varnish
with CO: laser. Surface alterations were evaluated using the Vickers microhardness assessment, surface roughness,
and the Scanning Electron Microscope (SEM) combined with the Energy-Dispersive X-ray Spectroscopy (SEM-
EDX).Results: All of the microhardness results were diminished after the demineralization process, and then
subsequently, the different treatments enhanced the demineralized enamel surface with no notable distinction among
the treatment groups. The surface roughness data showed improved surface roughness in the CO: laser-containing
groups. The surface morphology and mineral weight were enhanced after the treatments.

All treatment groups were effective in enhancing the microhardness, roughness, and surface morphology in
comparison to the control group, preferring the simultaneous application of CO: laser and MI varnish in both instances
(similar results).

Keywords: MI varnish, fractional CO: laser, hardness, roughness, combined use.

1. Introduction

Enamel serves as the protective layer of the tooth. It is a rigid, slender, opaque material that envelops and
safeguards the dentin. Enamel comprises 96% inorganic material substances, 4% organic compounds, and
water. So, it is the most mineral-rich tissue in the human body [1]. Tooth decay, or dental caries, is caused
by germs such as Streptococcus mutans in dental plaque, which generate acids that erode the teeth, resulting
in demineralization. This bacterium is prevalent in the oral cavity and leads to dental caries [2].

Hypomineralized enamel exhibits diminished mineral content, a disordered structure, expanded prism
sheaths, and decreased calcium levels while possessing elevated carbon and protein concentrations
compared to healthy dental enamel [3]. This produces a surface that is more porous and less resilient than
healthy teeth [3,4]. The probability of developing dental caries is increased [5]. An imbalance between
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demineralization and remineralization may result in mineral loss from the outer surface, leading to carious
lesions. If remineralization is more effective, these lesions can be stopped and restored(6). The objective of
remineralization procedures is to augment the mineral composition of under-mineralized tooth tissues,
hence improving their physical qualities and increasing their resistance to decay(7). This process involves
reintroducing calcium phosphate ions into the lesion, where they solidify. The concentration must be higher
than that in the lesion to ensure the calcium phosphate ions diffuse into the enamel through micropores.
However, the concentration should not be so high that it causes surface precipitation, which can block
tubules and hinder ion entry into the white spot lesions(8).

The loss of hard tissue in teeth results from two main processes: the degradation of apatite crystals in the
enamel and the movement of calcium, phosphate, and hydrogen ions. Demineralization starts with
subsurface lesions that can develop into visible clinical lesions if it continues(9). In managing tooth decay,
it is important to detect early lesions and employ remineralizing chemicals to avert more decay and cease
the demineralization process prior to cavity formation(10). It's been confirmed that high-calcium
mineralizing agents can reverse white spot lesions and prevent them from progressing to cavities(11).
Recently, this noninvasive technique was used to maintain the preservation of dental integrity against
carious decay and to avoid the occurrence of incipient lesions. Fluoride use is an efficient method to prevent
enamel demineralization and facilitate remineralization, even at minimal fluoride doses(12). MI varnish is
a commercial formulation consisting of casein phosphopeptide, amorphous calcium phosphate, and
fluoride, which possesses mineralizing properties that replenish lost ions in demineralized enamel(13). The
effect of varnish on enamel exceeds that of alternative topical fluoride treatments such as toothpaste, gels,
and mouthwashes(14). Varnishes are more acceptable, do not require patient cooperation, and cause less
discomfort to the patients(15). In a study conducted by Cochran et al.(16), the efficacy of casein
phosphopeptide stabilized amorphous calcium phosphate (CPP-ACP) and amorphous calcium fluoride
phosphate (CPP-ACFP) in the remineralization of enamel subsurface lesions was evaluated. The CPP
sequesters free calcium, fluoride, and phosphate ions and hinders the precipitation of mineral ions at neutral
pH. Nonetheless, this binding diminishes when the pH is decreased to 5.5 or below, facilitating the release
of mineral ions.

When fluoride is added to HAP, it becomes fluorapatite (FAP), with lower solubility and increased acid
resistance(17). The introduction of casein phosphopeptide-amorphous calcium phosphate paste (CPP-ACP)
has proven to be a useful method for augmenting enamel resistance to caries; CPP consists of A
congregation of phosphoryl residues stabilizes ACP nanoclusters in a metastable solution. It is an adhesive
protein that associates with phosphate and calcium ions, stabilizing them in an amorphous state(18).

The CO:2 laser with a 10,6um wavelength is highly recommended as its penetration depth is tenfold deeper
without compromising the pulp tissue or elevating its temperature(19). The absorption of this range occurs
at the carbonate, phosphate, and hydroxyl groups that are in hydroxyapatite crystals(20). The absorption of
laser light by minerals induces structural and chemical alterations in enamel crystals, evidenced by the
thermal disintegration of carbonated hydroxyapatite, which diminishes dissolution and improves resistance
to acid assaults(21). The surface alterations penetrate to a depth of 58 pm, thereby diminishing
demineralization by up to 98% in the enamel surface(22). If the laser is used improperly with a high dose,
this will lead to enamel surface carking and irregularities, which will decrease enamel hardness and increase
brittleness(23). When utilizing a laser for caries prevention, it is essential to keep the laser energy below
the ablative threshold to effectuate chemical alterations in the enamel surface without inflicting
morphological damage(24).

Esteves-Oliveira et al. observed diminished mineral loss and the re-hardening of softened enamel in samples
solely treated with CO: laser; however, the combination of fluoride and subsequent CO: laser irradiation
significantly prevented alterations in surface microhardness(25). The enhancement in hardness may be
attributed to crystal development associated with temperature fluctuations, resulting in larger crystals and
a reduction in crystallographic defects(26). Ramalho et al. discovered that both CO: laser irradiation alone
and the combination fluoride-laser therapy resulted in reduced mineral loss compared to the fluoride group
across all storage durations(27). Laser and fluoride have synergistic effects, improving enamel acid
resistance attributable to the elimination of organic matrix, augmented fluoride absorption, and expanded
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surface area for ion adhesion(26). Irradiating CO: laser with fluoride application may result in the
development of fluorohydroxyapatite and calcium fluoride (CaF2) on the enamel surface. These
compositions act as a fluoride reservoir during enamel demineralization and are employed in the subsequent
remineralization process(20).

This study assessed and contrasted the efficacy of fractional CO: laser, M1 varnish, and combined methods
in improving the surface characteristics of demineralized enamel. The null hypothesis examined was that
none of these methods can improve the surface characteristics, microhardness, and roughness of the
demineralized enamel surface.

2. Material and Method

Thirty sound premolar teeth were collected without cracks, demineralization, or filling material. Teeth were
collected from patients seeking orthodontic treatment <30 years and maintained in a 0.1% thymol solution
at 4°C without modifying the storage media until the commencement of the study(28).

The teeth were washed and cleaned, and all periodontic ligament and soft tissue were removed using an
ultrasonic scaler. Then, the dental crowns of the teeth were polished through micropores with non-
fluoridated pumice paste with a low-speed handpiece. Then, the teeth were cleaned with an ultrasonic
cleaner to remove all pumice residue for 4 minutes. By fixing the root of the tooth with a mechanics vice,
the crown was cut mesiodistally with a water-cooled diamond blade and then cut to obtain square pieces of
4*4 mm from the buccal and from the lingual side from the center of the surface. The samples were poured
with acrylic in a silicon mold (the samples were placed on top of the resin mix). The external enamel surface
was polished using silicon waterproof abrasive paper (P 800, P 1200, P 2000) underwater to provide flat
and smooth surfaces. Then, samples were cleaned ultrasonically to remove all smear layers and stored in
de-ionized water in a plastic screw cup at 4°C till used to avoid dehydration(29). All samples underwent a
pH cycling procedure to induce the demineralized enamel surface before treatment(30). This procedure
consisted of two solutions ( the demineralizing and remineralizing solutions). Each sample was placed in a
separate plastic cup containing a demineralizing solution for 6 hours, then cleaned with deionized water
and placed in another plastic container with a remineralizing solution for 18 hours; all samples were placed
inside a water path during the pH cycling procedure to mimic the temperature inside the oral cavity, which
was about 37°C. This process was continuous for ten days, so a white spot lesion was formed. The samples
were divided into five groups (12 samples in each): 1- control group (with no treatment, samples stored in
artificial saliva only (31)), 2- varnish group (samples receive MI varnish treatment only), 3- CO: laser group
( the samples receive laser treatment only), 4- COz with MI varnish group (sample received laser treatment
first, then varnish treatment), and 5- MI varnish with CO: laser group (samples receive MI varnish treatment
first then laser treatment). The MI varnish was applied by utilizing a tiny applicator brush to apply a single
layer of varnish over the enamel surface, allowing it to remain undisturbed for 20 seconds to dry.
Subsequently, samples were preserved in artificial saliva for a period of four hours; after that, the varnish
layer was removed. This is applied to all groups with MI varnish treatments. A pilot study was conducted
to select the most suitable fractional CO: laser parameters. The most suitable parameters were 2W power,
10 millisecond (ms) pulse duration, 1 ms interval, Imm distance, and 20 Hz frequency in non-contact mode.
The laser treatment was done for all groups with fractional CO: laser treatment ( on a dry and clean surface
for the CO: laser group, before MI varnish in the CO. Laser with MI varnish group, after applying MI
varnish and removed it before laser treatment in the MI varnish with CO: laser group). Afterwards, the
samples were kept in artificial saliva at 37°C.

The investigations used were the microhardness test (Vickers hardness microscope) and the profilometer
roughness test. Hardness and roughness measurements were taken at every study step (sound enamel,
demineralized enamel, and treated samples). Three readings were taken at each test for each sample, and
the mean was then calculated. A scanning electron microscope has been used to analyze alterations in the
sample's surface morphology. The samples were coated with gold to enhance the resolution of the final
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image. One sample was examined from each group. The same sample examined for the SEM was used to
measure the changes in the element weight of the enamel by using Energy Dispersive Spectroscopy.

3. Results and discussion

3.1. Statistical data analysis

Data were analyzed with statistical analysis software (SPSS). Then, by using Tukey HSD, multiple pairwise
comparisons were done between phases of microhardness and surface roughness readings.
The microhardness decreases after demineralization and then increases after the different treatment
methods, with significant differences in all phases of demineralization to treatment, except for the control
group and the CO: laser group, as shown in Table 1.
The microhardness after treatment was higher in the varnish group, followed by the CO: laser with varnish
group, and lower in all groups with no significant differences. There was a nonsignificant difference
between groups in every study phase (Table 1).
In table 2 of the microhardness measurement, there was a significant difference inside each group phase
except for the demineralization to the treatment phase of the control group and the demineralization to the
treatment phase of the CO: group.

Table 1: Descriptive and statistical analysis of surface microhardness across groups, phases, and treatments.

H1 H2 H3 P
Group | Treatments F
Mean +SD Mean +SD Mean +SD value
The Control | 337.667 | 17.607 | 138.760 | 39.159 | 149.600 40.958 162.895 | 0.000
MI Varnish | 356.775 | 16.358 | 145.005 | 23.307 | 170.075 28.609 536.974 1 0.000
BDT CO: laser 353.892 | 14.765 | 141.095 | 23.846 | 148.283 18.155 2604.440 | 0.000
MI with CO; | 352.317 | 16.999 | 112.651 | 20.028 | 147.108 20.214 347.971 | 0.000
CO; with MI | 376.283 | 13.304 | 126.153 | 17.532 | 150.292 21.955 1335.657 | 0.000
P value 0.052 0.051 0.220
Table 2 Multiple pairwise comparison of SM among phases using Tukey HSD.
Phases
Group | Treatments Phases D T
MD p value MD p value
B 198.907 0.000 188.067 0.000
Control
D -10.840 0.051
B 211.770 0.000 186.700 0.000
MI Varnish
D -25.070 0.007
B 212.797 0.000 205.608 0.000
BDT CO:laser
D -7.188 1.000
B 239.666 0.000 205.208 0.000
MI with CO:
D -34.457 0.000
] B 250.130 0.000 225.992 0.000
CO: with MI
D -24.138 0.000
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In Table 3, regarding surface roughness analysis data, no substantial differences were seen between the
groups in any phase of the treatment. In the varnish with CO: group, no significant variances were observed
between the phases across the same group.
After the treatment, the higher roughness reading was in the varnish group than the control group, and the
lowest reading was in the CO: laser with the varnish group.
In table 4, the data were non-significant in all phases in the groups except: sound to demineralization in
control, varnish group and CO: laser with varnish group and from demineralization to treatment phase in
CO: laser group and varnish group.

Table 3 Descriptive and statistical analysis of surface roughness across groups, phases, and treatments.

R1 R2 R3
Phases Treatments

Mean | +SD Mean +SD Mean +SD P value

Control 0.596 | 0.105 0.830 0.251 0.705 0.151 0.030

MI Varnish | 0.675 | 0.130 | 0.937 0.251 0.721 0.114 0.025

BDT CO:laser | 0.683 | 0.066 0.781 0.109 0.674 0.113 0.033

MI with CO: | 0.624 | 0.082 0.748 0.140 0.700 0.100 0.067

CO: with MI | 0.603 | 0.082 0.729 0.129 0.656 0.126 0.031

P value 0.086 0.062 0.709

Mean

Table 4 Multiple pairwise comparison of SM among phases using Tukey HSD.

Phases
Group | Treatments Phases D T
MD p value MD p value
B -0.234 0.022 -0.109 0.166
control
D 0.125 0.242
. B -0.262 0.018 -0.045 1.000
spr | NI Varnish D 0217 0.030
CO.l B -0.099 0.173 0.009 1.000
waser D 0.107 0.025
. B -0.126 0.032 -0.053 0.874
CO:withMI ™5 0.074 0.832
Hardnes ' Roughness

mMH1 = MHZ

Fig.1 Graphical representation of microhardness and surface roughness data.

mean pm

Collaser
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3.2. Scanning Electron Microscope and Energy Dispersive Spectroscopy

The sound-polished enamel surface appears smooth and homogenous, with minimal irregularities and
debris. The demineralized enamel surface shows porosities and irregularities. The enamel rods lose their
organized structure, creating a rough and uneven surface with pitted areas and a loss of the typical prismatic
pattern. The surface may also appear more translucent due to reduced mineral content. The group treated
with CO: laser shows smoother and more uniform characteristics than untreated or demineralized enamel.
The laser treatment aids in remineralizing the enamel surface, thereby reducing porosities and irregularities.
As aresult, you may notice a reformation of the prismatic structure and an improvement in surface integrity.
Demineralized enamel surfaces that are treated with an MI varnish typically exhibit fewer porosities and
irregularities compared to untreated demineralized enamel. The varnish aids in remineralizing the enamel
surface, resulting in a smoother and more uniform appearance. You may also notice a partial reformation
of the prismatic structure and an improvement in surface integrity. The synergistic impact of the fractional
CO: laser and CPP-ACPF varnish on a demineralized enamel surface yields substantial enhancements in
surface morphology. SEM images typically show a smoother and more homogeneous surface with fewer
irregularities compared to untreated enamel. The prismatic structure of the enamel is partially restored, and
the overall integrity of the surface is enhanced, as shown in Fig 2.

The EDX measurement was higher in the sound enamel sample, then decreased after the demineralization
process. The calcium weight percentage was the element that decreased; the phosphate decreased slightly.
After the treatment, the phosphate weight percentage was slightly changed. The calcium weight percentage
was higher in the MI varnish with CO: laser group; the rest of the treatment was similar in the results. The
carbon weight percentage was higher in sound enamel than in the MI varnish with CO: laser group; the rest
of the groups were comparable in carbon results, Fig 3 and Table 5.

b Jaconv 1oe00s  1omm 33 cas 2% asorv Tose0s izsmm 35 _cas
Fig.2 SEM pictures of the enamel surfaces of the groups, a: sound enamel, b: demineralized enamel, ¢: CO: laser
varnish treatment, e: CO: laser with varnish group, f: varnish with CO: laser group.
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Table 5 Elements weight percentage.

sound Carbon | Phosphat Carl:'u
samples weight | eweight | . ..
% % 0/?

Sound enamel 16.7% 15.9% 44.3%

demineralized

Demineralized

13.4% 15.2% 35.5%
enamel

CO2 Laser

CO; laser 14.6% 15.4% 36.1%

Ml varnish

MI varnish 16.4% 15.1% 36.3%

COo2+Ml vamish

CO, Laser
with MI 14.7% 15.1% 36.8%
varnish

Ml vaimish+CO2

MI varnish
with CO, 15.1% 15.5% 39
Laser

Fig.3 EDX analysis.
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3.3. Discussion

This study assessed and analyzed the treatment efficacy of MI varnish (CPP-ACPF) and fractional CO:
laser on demineralized enamel surfaces. The results suggest that all the treatment approaches effectively
enhanced the hardness characteristics of the demineralized enamel surfaces. The null hypothesis was
rejected in this investigation. The Vickers microhardness test effectively assesses tooth enamel's
microstructure and detects changes in mineral density, indicating mineral loss or gain(32). The results of
microhardness testing indicated that demineralization led to a significant reduction in mean hardness
compared to the baseline. This reduction may be attributed to enamel weakness caused by an increase in
pore size due to the loss of minerals from the enamel surface resulting from the dissolution of
hydroxyapatite.

The absorption peak of hydroxyapatite crystal, the main component of dental enamel, matches the
wavelength of the CO: laser. This means the laser is absorbed and converted to heat without harming
surrounding tissues(33). This process will reduce demineralization by decreasing the permeability and
acid diffusion of enamel surfaces (34).

The CO: laser has been reported to enhance the crystalline stability of enamel, hence reducing its
susceptibility to acid and augmenting fluoride absorption by the enamel (35). Chiang et al. indicated that
lasing alters the permeability of the enamel matrix. This reduces acid diffusion, while changes in the
enamel's organic and inorganic constituents enhance microhardness and diminish acid susceptibility(36).
In our present investigation, we employed sub-ablative laser settings. These lasers reduce the solubility
of hydroxyapatite and impede the inter-prismatic spaces by melting and recrystallizing enamel prisms on
the surface. Furthermore, the administration of fluoride varnish or fluoride gel before radiation exposure
might transform enamel hydroxyapatite into fluorapatite, hence reducing enamel solubility. This allows
the irradiated surface to retain fluoride ions for a longer duration compared to non-laser irradiated
enamel(27).

According to the hardness measurements, there exists a notable disparity in the hardness of combined
groups between demineralization measurements and post-treatment assessments, also, the laser's effect
on the demineralized enamel surface was not significantly different from the demineralizing
measurement in the CO: laser group and it's non-significant-from the final measurement that in the
control group, in which the samples were placed in artificial saliva only. The use of MI varnish alone
demonstrated a high increase in hardness measurement compared to other groups. However, the laser
effect significantly decreased surface roughness in the CO: laser group and in the CO: laser with MI
varnish group. The results of EDX show that the sound enamel had a higher mineral percentage, which
decreased after the demineralization of the enamel samples. After treatment of different groups, the
mineral shows a slight increase after treatment, so it's still far from the sound enamel results. Repeated
sessions of treatment are indicated in future works in an attempt to highlight the mineral percentage.
Fluoride products help remineralize teeth by creating more acid-resistant compounds when fluoride ions
interact with dental hydroxyapatite crystals(37). This protein nanotechnology incorporates proteins
sourced from bovine milk, resulting in the formation of amorphous calcium phosphate (ACP). All
calcium phosphates are safe for individuals of all ages, including children, as they dissolve in the stomach
upon accidental ingestion, releasing non-toxic calcium and phosphate ions.(38). Numerous dental care
products utilizing calcium phosphates are derived from either CPP-ACP or HAP. CPP-ACP sustains a
saturated concentration of phosphate and calcium on the enamel surface, hence reducing
demineralization and enhancing remineralization(39).

This study employed two combined treatment methods: the application of fractional CO: laser before
and subsequent to MI varnish on the enamel that was a demineralized surface. The outcomes of these
groups were notably comparable; nevertheless, the use of fractional CO: laser prior to MI varnish yielded
superior results..

The researchers found that using a laser on the enamel surface before applying a remineralizing chemical
enhances its effectiveness. One possible explanation is that the laser-created microgaps could be filled
with fluoride after application, making it easier to incorporate the ions(40). The concurrent use of CPP-
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ACFP and fractional CO: laser has been demonstrated to markedly improve tooth microhardness via a
potent synergistic effect(22). Laser irradiation enhances fluoride adhesion to dental structures, resulting
in elevated fluoride levels in the enamel. Apatite formed in a calcium and phosphorus milieu exhibits
reduced carbonate and manganese levels, enhancing its resilience to acid assaults.

Liu et al. assessed the influence of CO: laser and fluoride on preventing tooth decay and determined that
the laser did not exhibit a synergistic effect with fluoride treatment(41). Farhadian et al. (42) Investigated
the impact of CPP-ACP paste and CO: laser treatment on the microhardness of demineralized enamel.
They found that only the CO: laser treatment showed a significant difference from the control group,
indicating that CPP-ACP paste was ineffective in preventing demineralization. Additionally, the CO:
laser alone resulted in higher microhardness values than when combined with CPP-ACP paste, which is
incompatible with the present study's findings.

Abufarwa et al. (43) evaluated the impacts of CPP-ACP fluoride varnish and CO: laser therapy on enamel
demineralization and microhardness. They found that CPP-ACP fluoride varnish is more effective in
preventing demineralization. The MI varnish used contains 22000 ppm fluoride, which, along with the
CPP-ACP complex, enhances enamel hardness. They reported an increase in hardness to a depth of 60
um with MI varnish, while the CO: laser did not yield encouraging results, which is similar to this study.
Baniasad et al. (44) CPP-ACP paste and fractional CO: laser, neither alone nor in combination, did not
improve the appearance of enamel remineralization compared to the control group. Certain researchers
discovered markedly enhanced acid resistance when enamel was subjected to laser irradiation prior to
fluoride treatment(45). Conversely, others contended that laser application ought to be conducted
subsequent to fluoride therapy(25). Poosti et al. (46) Determined that laser irradiation prior to fluoride
treatment significantly enhanced the surface microhardness of enamel, as seen at depths of 30 and 60
um. Rajendran et al. (47, 48) determined that the concurrent application of CPP-ACP and fluoride
exhibits a synergistic impact in the remineralization of enamel samples. Consequently, CPP-ACP with
fluoride can be regarded as the preferred material for the remineralization of early enamel carious lesions.
The fractional carbon dioxide laser is not explicitly intended for dental use. Additional design
enhancements and superior accessories are required to improve comfort during dental treatments.

4. Conclusions

All treatment results had quite similar effects on demineralized enamel by increasing microhardness,
decreasing roughness, and enhancing surface morphology, but using a fractional CO- laser with MI varnish
improved surface roughness more than using them alone.
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