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Abstract
This study investigated the combined effect of CO2 laser irradiation and Remin Pro paste on microhardness of enamel white spot
lesions (WSLs). Seventy-eight intact premolars were randomly assigned into six groups and then stored in a demineralizing
solution to create WSLs. Afterwards, the teeth in group 6 (negative control) remained untreated, while groups 1 and 4 were
exposed to CO2 laser irradiation (20 Hz, 1 W, 30 s) and Remin Pro paste, respectively. In groups 2 and 3, the teeth were exposed
to laser either before (group 2) or after (group 3) Remin Pro application. The teeth in groups 1 to 5 were then immersed in artificial
saliva for 90 days while subjected to fluoride mouthwash and weekly brushing. Finally, the teeth were sectioned, and Vickers
microhardness was measured at the enamel surface and at 50, 100, and 150 μm from the surface. One sample of each group was
also examined with scanning electron microscope (SEM). Data were analyzed by two-way analysis of variance (ANOVA) and
Tukey’s test. The significance was set at 0.05. Laser irradiation followed by Remin Pro application (group 2) caused a significant
increase in total WSLs’ microhardness compared with laser alone (group 1) and control groups (P < 0.05). Microhardness at
depths of 100 and 150μmwas also significantly greater in group 2 compared with those of group 3 and control groups (P < 0.05).
Combined application of CO2 laser with Remin Pro paste, when laser is irradiated before the paste, is suggested for re-hardening
of WSLs in deep layers of enamel.
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Introduction

The risk of creating white spot lesions (WSLs) on the enamel
surface is one of the complications that can compromise the
esthetic benefits of orthodontic treatment [1]. WSLs are the
first macroscopic sign of enamel caries in which, the external
layer of enamel usually stays intact while the underlying
layers are demineralized, and in the absence of treatment, it
becomes cavitated [2]. Prevalence of WSLs in different arti-
cles has been reported between 2 and 97% [1, 3–6] and in
some studies between 50 and 70% [7].

Tooth demineralization in the primary levels can be
remineralized naturally by saliva containing calcium, phos-
phorus and fluoride ions, buffering compounds, and other
substances [8]. However, natural remineralization by saliva
does not improve the esthetic and structural properties of the
deeper lesions as much [5]. Complete removal of enamel
WSLs is difficult [9], and some lesions remain 5–12 years
after the end of treatment. Therefore, the use of remineralizing
agents for the restoration of deeper lesions and achieving bet-
ter esthetics is essential [10].

Remin Pro (VOCO, Germany) is one of the newest water-
based remineralizing toothpastes that contains calcium phos-
phate in the form of hydroxyapatite, fluoride (1450 ppm), and
xylitol. Hydroxyapatite replaces the lost enamel; fluoride seals
the dentinal tubules; and xylitol acts as an antibacterial agent.
This material has been recommended for controlling tooth
sensitivity, preventing enamel demineralization, enamel
remineralization stimulation, and being used in orthodontic
patients [11, 12].

Due to shortages and disadvantages of existingmethods for
prevention and treatment of WSLs, new methods have been

* Pooya Fadaei Tehrani
pooya.fadaei@yahoo.com

1 Department of Orthodontics, Faculty of Dentistry, Shahid Sadoughi
University of Medical Sciences, Yazd, Iran

2 Dental Students Research Center, Faculty of Dentistry, Shahid
Sadoughi University of Medical Sciences, Yazd, Iran

Lasers in Medical Science (2020) 35:1193–1203
https://doi.org/10.1007/s10103-020-02970-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-020-02970-y&domain=pdf
http://orcid.org/0000-0001-9021-9484
mailto:pooya.fadaei@yahoo.com


discussed. These include high-power laser irradiation, such as
neodymium-doped yttrium aluminum garnet (Nd: YAG) laser,
argon laser, and carbon dioxide (CO2) laser on the enamel.

Laser is recommended to increase tooth resistance against
demineralization and WSLs treatment before fluoride therapy
to restore color and hardness of demineralized enamel [13,
14]. Laser application along with fluoride compounds in-
creases the uptake and durability of fluoride and enamel’s acid
resistance so that the pH required for enamel solubility de-
creases from 5.5 to 4.3 [15].

In the range of studies conducted on WSLs treatment
methods, the combination effect of the studied factors in the
present study (Remin Pro and CO2 laser) was not found, and
insufficient information is available in this regard. Therefore,
the purpose of this study was to evaluate the effect of CO2

laser and Remin Pro on remineralization of WSLs.

Corporation, Esfahan, Iran) for a 3-month period. This solu-
tion was also replaced on a daily basis.

The samples were then randomly divided to 6 groups,
namely, group 1 (CO2 laser irradiation) (L) (n = 13), group 2
(CO2 laser irradiation + Remin Pro) (L1 + R2) (n = 13), group
3 (Remin Pro + CO2 laser irradiation) (R1 + L2) (n = 13),
group 4 (Remin Pro) (R) (n = 13), group 5 (negative control
group) (C−) (n = 13), group 6 (positive control group) (C+)
(n = 13).

In group 1, the teeth were only exposed to laser irradiation.
Each time before applying the laser, samples were carefully
dried with dental air spray. CO2 laser (MultiXel (DS-40UB),
DAESHIN ENTERPRISE, Seoul, South Korea) with
10.6 μm wavelength, 20 Hz frequency, output power of
1 W, pulse duration of 10 ms, pulse interval of 15 ms, and
beam diameter of 0.6 mm for 30 s from a 2-mm distance with
a sweeping motion was used (Fig. 1).

In group 2, the teeth were irradiated with laser, and then
Remin Pro (VOCOGmbH, Cuxhaven, Germany) was applied
according to the manufacturer’s instructions for 3 min by an
electric toothbrush (AQ-100 AQUAPICK, Whangarei, New
Zealand).

In group 3, Remin Pro was applied, and then samples were
subjected to laser irradiation.

In group 4, only Remin Pro was applied on samples.
In group 5, no treatment was performed, and only enamel

microhardness was measured with Vickers test at the surface
and depths of 50, 100, and 150 μm to ensure the creation of
WSLs after demineralization. The samples were then stored in
distilled water until the test was performed.

In group 6 (positive control group), samples did not receive
any of the above-mentioned treatments (laser and Remin Pro)
and were only kept in artificial saliva for intraoral
remineralization simulation. Laser irradiation and the applica-
tion of Remin Pro were performed in groups 1 to 4, once at the
beginning of the process, the second time was 1 month later,
and the third time was 2 months after the beginning of the
study.

Fig. 1 CO2 laser. a Laser settings.
b Laser irradiation
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Materials and methods

Seventy-eight premolar teeth with intact crowns, which need-
ed to be extracted (due to orthodontic treatment) were collect-
ed, cleaned, and then stored in saline solution at room temper-
ature [16].

All samples were placed in 10 ml of demineralizing solu-
tion for 96 h to create artificial enamel white spots [17]. The
demineralizing solution was composed of 0.05 M lactic acid,
2.2 mM calcium chloride (CaCl2), 2.2 mM sodium
dihydrogen phosphate (NaH2PO4), and 0.2 ppm fluoride.
The solution was adjusted with 50% NaOH to reach pH 4.5
[18]. The solution was replaced on a daily basis. After
performing the above-mentioned process, samples were
washed with distilled water, and all surfaces of the teeth in
the treatment groups with the exception of a 4 × 4mmwindow
in the center of the buccal surface as the treatment area were
covered with two layers of nail varnish [16]. Samples were
kept in 37 °C artificial saliva (NIK CERAM RAZI



After the first stage of the treatment, samples were kept in
artificial saliva for 90 days, and in order to simulate intraoral
remineralization, they were exposed to fluoride mouth wash
(Oral-B Pro Expert, Germany) and brushing three times a
week with toothpaste (Fresh Mint Crest 7 Complete) [13].
Each specimen was kept in mouthwash for 2 min and was
brushed for 10 s (Fig. 2).

Vickers microhardness test

To perform the hardness test, samples were washed with
distilled water and were mounted in acrylic resin. Then,
the blocks were cut longitudinally into mesial and distal
halves with a diamond disk and a high-speed handpiece
at the center of the buccal surface. Diamond disk and a
caliper were used to parallel the surfaces. The sample
surfaces were polished by 400, 800, 1000, and 2000 grit
silicon carbide paper sequentially to provide a smooth
and standard surface for the microhardness test. Finally,
in order to achieve a shiny surface to see the pressure

effects of the device and measure the hardness, samples
were fine polished with 220 grit polishing paste
(Fig. 3).

To measure microhardness at the surface and the depths of
50, 100, and 150 μm, a microhardness test device by Vickers
method (Micro Hardness Tester, FM 700 series, FUTURE-
TECH CORP., Japan) was used (Fig. 4).

In this study, the loading rate was 50 g/f, and dwell time
(load time) was considered to be 5 s. Hardness of samples was
measured as a hardness profile. So that the hardness for each
depth was measured 3 times, and the average was recorded as
the microhardness value. The microhardness test was per-
formed on 12 samples from each group.

At the end of the study, a sample of each group was
examined with an electron microscope (SEM, VEGA 3,
TESCAN, Czech Republic) to study the morphology of
enamel surface with a magnification of × 2000. For this
purpose, enamel blocks were dried completely using
100% alcohol and then were covered with a thin layer
of gold.

Fig. 2 Materials used in this
study. aArtificial saliva. b Crest 7
complete tooth paste. cRemin Pro
forte. d Oral-B Pro Expert mouth
wash
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Data analysis

Analyzing the data and calculating means and standard devi-
ations of microhardness in different groups and depths was
done using SPSS software (version 25).

Initially, normality of the data was analyzed by
Kolmogorov-Smirnov test, and normal distribution of the mi-
crohardness variables was assured. With regard to normal dis-
tribution of data, two-way ANOVA test was used.
Comparison of the means between groups and the depths
was studied with Tukey’s test.

– Comparison of total microhardness means of the study
groups at the studied surfaces

– Comparison of microhardness means between the study
groups at various depths

– Comparison of microhardness means of the study groups
between various depths

Comparison of the microhardness means in the study
groups indicated different microhardness in various study
groups (Chart 1, Table 1). In other words, the maximum and
minimum microhardness were measured in the Remin Pro
after laser group (L1 + R2) (424.04) and negative control
group (C−) (327.18), respectively.

Comparing the mean scores of each group with other study
groups re

presented a significant difference between a number of
them. The microhardness means of all study group was sig-
nificantly higher than the negative control group (P < 0.0 5).
Also, the microhardness means in group L1 + R2 was signif-
icantly higher than those of groups R1 + L2, L, C+, and C−.
Also, in group R, the microhardness mean was significantly
higher than those of groups R1 + L2, C+, and C−.

Comparison of the microhardness means of study
groups at various depths represented the most significant
differences between the mentioned groups in all depths
(Table 2). In other words, many study groups in each
depth had significant differences with other groups in
the same depth. For example, the highest and lowest mi-
crohardness at the depth 0 (surface) was observed in the
group R (444.02) and C− (281.15), respectively
(Chart 2a). At this depth, all the study groups showed a
significantly higher microhardness value than group C−.
At the depth of 50 μm, the microhardness means in
groups L1 + R2 and R were more than other groups and
had a significant difference with group C− (Chart 2b).
Maximum microhardness at 100 μm depth was observed
in group L1 + R2 that was significantly higher than groups

Fig. 4 Microhardness test. a
Microhardness tester. b A sample
under the microhardness tester

Fig. 3 Prepared enamel blocks
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Results

The results of variance analysis of the obtained data indicated
that the effect of study groups and different depths on the
microhardness was significant (P < 0.001). The interaction be-
tween study groups and different depths was also significant
(P = 0.001) (Table 1).

The obtained results were classified in to three categories:



R1 + L2, C+, and C−. Also, at this depth, the group R
showed a significantly higher microhardness compared
with group C− (Chart 2c). At the depth of 150 μm, the
maximum microhardness was also seen in group L1 + R2,
which was significantly higher than groups R1 + L2, C+,
and C− (Fig. 2d).

Comparison of the microhardness means of each study
group in various depths are shown in Table 3. The highest
microhardness in all groups was observed at the depth 0
(surface) except for the negative control group, and with in-
creasing the depth, microhardness was reduced (Chart 3).
However, the reduction process was different in various
groups so that the microhardness mean difference between
various depths was significant only in groups C−, R, and
R1 + L2. In other words, the microhardness means of a depth
of 150 μm with a depth of 50 μm had a significant difference
in the group R. While in the samples of group R1 + L2,

microhardness mean was significant between the depth of 0
(surface) and the depths of 100 and 150 μm, but other differ-
ences in this group were not statistically significant. Also, in
the samples of group C−, the surface microhardness mean was
significantly lower than those of other depths.

SEM analysis

At the end of the study, a sample of each group was examined
with a scanning electron microscope (SEM) to study the mor-
phology of enamel surface with a magnification of × 2000.
The SEM images from different groups had differences in
the enamel morphology (Fig. 5). The images showed the cre-
ation of cracks and fine scrapes in groups with laser irradia-
tion. Also, the SEM images of treated surfaces with Remin
Pro showed a globular pattern of minerals.

Chart 1 Means microhardness of study groups

Table 1 Comparison of the total
microhardness means of study
groups at the studied surfaces

Study
groups

Microhardness
means

(MicroVickers)

Standard
error

Pairwise
comparisons

95% confidence interval

Lower
bound

Upper
bound

C− 327.18 7.39 a 312.61 341.75

C+ 368.99 7.39 d 354.42 383.55

R 413.33 7.72 c, e 398.12 428.55

L 392.88 7.39 d, e 378.31 407.45

R1 + L2 370.47 7.39 d 355.90 385.04

L1 + R2 424.04 7.72 b, c 408.83 439.26

The means with similar letters did not have a significant difference

C−, control; C+, artificial saliva; R, Remin Pro®; L, CO2 laser; R1 + L2, Remin Pro® + CO2 laser; L1 + R2, CO2

laser + Remin Pro®
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Discussion

One of the complications that can compromise various benefits
of orthodontic treatment, especially esthetics, is WSLs [1]. For
the prevention or treatment of the mentioned lesions, several
methods have been suggested among which the most important
ones are the use of fluoride-containing compounds,
remineralizing pastes, vital tooth bleaching, resin, indirect resto-
rations, and laser [13, 19, 20]. However, few studies have eval-
uated the combined use of these methods and their results. In the
present study, the combination use of CO2 laser and Remin Pro
was investigated. The criterion for assessing the effect of each of
the therapeutic interventions was the final microhardness.

There are several methods to measure the amount of enam-
el demineralization and compare its different degrees, in
which visual examination, quantitative light-induced fluores-
cence, the use of polarizing microscope, microradiography,



Table 2 Comparison of the microhardness means between study groups in different depths

Surface Depth 50 Depth 100 Depth 150

Depth

group

Mean SD Pairwise
comparisons

Mean SD Pairwise
comparisons

Mean SD Pairwise
comparisons

Mean SD Pairwise
comparisons

C− (n = 12) 281.15 51.28 b 353.22 60.79 b 338.95 35.48 c 335.40 16.79 a

C+ (n = 12) 400.95 68.66 a 376.94 73.44 a,b 358.12 66 b,c,d 339.94 59.05 a,c

R (n = 12) 444.02 53.58 a 427.66 42.65 a,c 402.08 39.55 a,b,d 379.58 21.69 a,b

L (n = 12) 417.31 58.63 a 401.56 56.62 a,b 385.61 65.96 a,b,c 367.04 51.16 a,b

R1 + L2 (n = 12) 417.85 41.39 a 379.20 47.66 a,b 348.20 41.29 b,c 336.61 64.50 a,c

L1 + R2 (n = 12) 442.38 45.25 a 423.11 41.95 a,c 423.54 43.92 a 407.14 42.15 b

P value < 0.001* 0.013* < 0.001* 0.002*

Means with similar letters in each column do not have a significant difference

*Significant at level 5% (P value <0.05)

C−, control; C+, artificial saliva; R, Remin Pro®; L, CO2 laser; R1 + L2, Remin Pro® + CO2 laser; L1 + R2, CO2 laser + Remin Pro®

Chart 2 Comparison of the mean microhardness of study groups in each depth. a Surface. b Depth of 50 μm. c Depth of 100 μm. d 150 μm depth
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and microhardness tests are among the most important of
them. Since enamel hardness is linked with its amount of
minerals and enamel demineralization is associated with min-
eral loss, microhardness test is widely used to determine the
amount of enamel demineralization in laboratory studies [21,
22]. Vickers and Knoop microhardness tests are among the
methods that have extensive use in dentistry. However, for
assessment of the enamel microhardness in small areas, the

Vickers hardness method is more suitable [23, 24]. On the
other hand, Knoop test requires a lot of polish that might cause
errors, while because of the lower sensitivity of Vickers test to
sample’s surface condition, not much polish is needed [25].
Other benefits of the Vickers test that can be noted are high
accuracy, using one type of indenter for various materials and
methods, and the ability to test a variety of materials under
various forces [26]. In this study, the Vickers microhardness



test was used as a quantitative method for measuring the
amount of enamel demineralization.

In order to determine the sample hardness profile, hardness
is measured in several depths. However, in different studies,
various intervals have been used as an indentation place
[27–29]. In this study, the first test site was chosen at the
surface, and in order to avoid indentation super imposition,
indentation intervals were 50 μm from each other [27]. In
general, the enamel hardness in all groups showed a reduction
from the surface to the depth except in the negative control
group. In other words, the destructive effect of demineralizing
solution and the therapeutic effect of interventions were higher
at the surface. At the surface, all groups with therapeutic in-
terventions as well as the positive control group showed sig-
nificantly higher microhardness measures than the negative
control group which represents the effectiveness of therapeu-
tic interventions at the surface.

CO2 laser is known as the most successful laser type to
increase enamel’s acid resistance. High absorption of this laser

by hydroxyapatite radicals is the cause of this resistance [30].
Studies have shown that the wavelength of 9 to 11 μm are well
absorbed by tooth hydroxyapatite which reduces the amount
of carbonate and thus increases the acid resistance [31–34].
Also, the 10.6-μm wavelength of this laser has a low absorp-
tion coefficient and results in greater durability compared with
wavelength of 9.6 μm. Therefore, it has more penetration into
greater depths of the enamel and is suggested for prevention of
caries [35]. This laser increases fluoride uptake [36] and in the
presence of fluoride can convert hydroxyapatite into
fluorapatite [37]. Therefore, in this study, CO2 laser with
wavelength of 10.6 μm was used for remineralization and
treatment of WSLs, and the results showed that this laser is
effective in improving the microhardness.

The findings of this research were similar to Poosti et al.
[13], Chen et al. [38], and also Esteves-Oliveira et al. [39]
regarding the positive effect of CO2 laser in recovering the
hardness of the demineralized enamel. Increasedmicrohardness
after laser irradiation can be caused by nanostructural changes

Table 3 Comparison of the microhardness means of each study group at different depths

Surface Depth 50 Depth 100 Depth 150 P
value

Depth

group

Means SD Pairwise
comparisons

Means SD Pairwise
comparisons

Means SD Pairwise
comparisons

Means SD Pairwise
comparisons

C− (n = 12) 281.15 51.28 a 353.22 60.79 b 338.95 35.48 b 335.40 16.79 b 0.003*

C+ (n = 12) 400.95 68.66 a 376.94 73.44 a 358.12 66 a 339.94 59.05 a 0.157

R (n = 12) 444.02 53.58 a,c 427.66 42.65 a,c 402.08 39.55 a,b 379.58 21.69 b 0.004*

L (n = 12) 417.31 58.63 a 401.56 56.62 a 385.61 65.96 a 367.04 51.16 a 0.165

R1 + L2
(n = 12)

417.85 41.39 b 379.20 47.66 a,b 348.20 41.29 a,c 336.61 64.50 a,c 0.001*

L1 + R2
(n = 12)

442.38 45.25 a 423.11 41.95 a 423.54 43.92 a 407.14 42.15 a 0.316

Means with similar letters in each column do not have a significant difference

*Significant at level 5% (P value < 0.05)

C−, control; C+, artificial saliva; R, Remin Pro®; L, CO2 laser; R1 + L2, Remin Pro® + CO2 laser; L1 + R2, CO2 laser + Remin Pro®
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Chart 3 Comparison of the
means microhardness of study
groups in different depths
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such as increasing the size of crystals and recrystallization of
porous enamel after increasing the surface temperature [39, 40].

In this study, the use of Remin Pro alone and in combina-
tion with laser was effective in increasing the microhardness
of WSLs, so that in all groups that Remin Pro was used,
significant difference with negative control group was ob-
served. Microhardness improvement in the groups with com-
bination therapy might be caused by nanostructural changes
caused by the laser.

Most of the claimed properties for the paste are proved
by various studies. Kamath U et al. found that the Remin
Pro increases bleached enamel hardness [41]. Heravi et al.
also reported that using Remin Pro in a 12-week period
improves and reduces WSLs in patients after orthodontic
treatment [42].

However, the microhardness mean of the group L1 +
R2 at the surface and the depth of 50 μm was less than
that of group R, but at the depths of 100 μm and 150 μm,
the opposite was observed. In other words, probably the
laser irradiation made effectiveness possible in the men-
tioned depths by facilitating Remin Pro penetration into
the depths of the sample. Despite the higher microhardness
of the group L1 + R2 compared with the R1 + L2 in all
study depths, the mean difference was only significant at
the depths of 100 and 150 μm. Possibly, facilitating pene-
tration of Remin Pro by the laser has increased its effect in
depth, while the presence of Remin Pro during laser irra-
diation has reduced its effect further. The microhardness of
group L1 + R2 was more than that of group L in all depths.
In other words, the laser in combination with Remin Pro
had more effect that confirms the synergistic effect of laser
and Remin Pro. The microhardness of group L1 + R2 was

greater than that of group C+ in all depths, but the differ-
ence was only significant in depths of 100 and 150 μm. In
other words, the effect of laser and Remin Pro in lower
depths was equivalent to other therapeutic interventions
(brushing and using mouthwash), but in the deeper depths
that treatment interventions had lower effects, the effect of
laser and Remin Pro were greater. The results showed that
the combination therapy was more effective than individu-
al therapy with laser CO2 and Remin Pro, and it can also
return significantly the microhardness of WSLs deeply.
These results were matched with findings of Poosti et al.,
in that more effect of combination therapy and also the
better effect of laser radiation prior to the application of
Remin Pro. Tepper et al. [43], Schmidlin et al. [44], and
Mohan et al. [45] also proved synergistic effect of CO2

laser with fluoride.
In a number of studies [30, 36, 46], the mechanism of

synergistic effect of laser and fluoride has been described as
the reduction of enamel solubility. The use of fluoride before
or after laser irradiation mentioned the cause of increased
fluoride uptake and eventually decreased enamel solubility
in acid. Critical pH for enamel dissolution is 5.5, but this
amount decreases to 4.8 with laser irradiation which means
enamel dissolution following laser irradiation requires far
more concentration of acid [35, 47]. Laser irradiation causes
more durability of fluoride ions but the mechanism of this
durability has not yet been determined [48]. However in some
studies, the synergistic effect has not been observed, thus fur-
ther studies are required in this regard [32].

The microhardness of group R1 + L2 was higher than that
of group L at the surface, but in other depths it was lower. This
result may be caused because Remin Pro has prevented the

Fig. 5 Scanning electron microscope images prepared from the sample surface of each study group at × 2000 magnifications
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laser from penetrating. The paste prevents laser-induced heat
and thus the microstructural and chemical changes of enamel.
This finding is consistent with Poosti et al.’s report in the use
of APF gel before laser radiation [13].

This study shows that CO2 laser irradiation before Remin Pro
has better effect. This is probably due to the ability of laser to
penetrate in to deeper enamel layers and reharden demineralized
enamel. In general, it can be said that the laser irradiation before
applying fluoride increased its uptake. In fact, laser causes the
formation of microspaces in enamel that facilitates the fluoride
activity [49]. Some studies have confirmed this hypothesis, for
example, in the study of Hossain et al., laser irradiation before
applying NaF increased the adhesion of fluoride to the lower
layers of enamel and dentin [46].

The SEM images of the samples in different study groups
showed the creation of cracks and fine scrapes in groups with
laser irradiation. It seems that the possible cause of laser’s
ability to create cracks on WSLs compared with healthy
enamel was the demineralized and weak surface of the lesions.
Creating cracks and grooves by laser can entrap and deposit
minerals in the tooth structure during a bacterial attack, and on
the other hand, the aforementioned defects might act as a
niche for the adhesion and the establishment of bacteria.

The SEM images of the treated surfaces with Remin Pro
showed globular pattern of minerals. Covering the enamel
surface with Remin Pro may create a protective layer against
decay and demineralization. The findings of this researchwere
similar to the study of Ahrari et al., who observed a relatively
similar pattern in their study. They mentioned that the cause of
this morphological pattern is calcium, phosphate, and fluoride
inactivity at the surfaces that were under laser irradiation [50].
Wu et al. reported that CO2 laser irradiation with 10.6 μm
wavelength integrates the hexagonal crystals of the enamel
surface and creates a surface with new recrystallization [51].
While in some studies, the need for integration of enamel
crystals has not been approved for increasing the enamel re-
sistance to demineralization [52–54]. Tepper et al. also found
that laser irradiation can cause cracks in the enamel surface,
and applying fluoride before laser irradiation can reduce crack
formation [43]. In general, it can be concluded that
microcracks, which are created on the enamel surface after
laser irradiation, can be one of the causes of improved pene-
tration of minerals in to the enamel’s crystalline structure.

Conclusion

– The results of the present study showed that the use of
CO2 laser and Remin Pro significantly increased the mi-
crohardness of WSLs.

– This study confirmed the synergistic effect of laser and
Remin Pro paste in the deep layers of enamel (150 μm),

but in the other studied depths (0 μm, 50 μm, 100 μm) no
significant synergistic effect was observed. The combina-
tion of CO2 laser with Remin Pro, if laser is irradiated
before applying the paste, is more effective in the deep
layers of enamel than individual laser therapy.
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