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Er,Cr:YSGG laser associated with acidulated phosphate fluoride gel
(1.23% F) for prevention and control of dentin erosion progression
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Abstract
To evaluate the effect of Er,Cr:YSGG laser, associated with fluoride application, on the prevention/control of dentin erosion. Dentin
slabs were embedded in acrylic resin, flattened, and polished. Half of the specimens were previously eroded (10 min immersion in 1%
citric acid solution) and half were kept sound. The specimens (n= 10 each substrate) were randomly allocated into the experimental
groups, according to the following treatments: control (no treatment); APF gel (1.23% F, 1 min); Er,Cr:YSGG laser irradiation (P1:
0.25W, 20Hz, 2.8 J/cm2, tip S75, beam diameter of 750μm, 1mm away from the surface); Er,Cr:YSGG laser irradiation (P2: 0.50W,
20 Hz, 5.7 J/cm2, tip S75, beam diameter of 750 μm, 1 mm away from the surface); APF gel + Er,Cr:YSGG laser P1 and; APF gel +
Er,Cr:YSGG laser P2. Afterwards, the specimens underwent an erosion-remineralization cycling, consisting of a 5-min immersion into
0.3% citric acid, followed by 60-min exposure to artificial saliva. This procedure was repeated 4×/day, for 5 days. Surface loss (SL, in
μm) was determined by optical profilometry. Specimens from each group were analyzed by environmental scanning electron micros-
copy (n = 3). Data were statistically analyzed (α= 0.05). For the eroded specimens, APF gel presented the lowest SL, being different
from the control. For the sound specimens, none of the groups differed from the control, except for Er,Cr:YSGG laser P2, which
presented the highest SL. When substrates were compared, only the eroded specimens of the control and APF + Er,Cr:YSGG laser P1
Groups showed higher SL. Selective structure removal was observed for the laser-treated groups. None of the Er,Cr:YSGG laser
parameters were effective in the prevention/control dentin erosion. The laser was also unable to enhance the protection of fluoride
against dentin erosion.
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Introduction

Dental erosion is a condition that has received increasing atten-
tion from both, professionals and researchers, in the last few
years. Many studies have been conducted in an attempt to reach
better understanding of this process, along with its preventive/
treatment therapies [1]. Induced by recurrent episodes of acid

exposure, dental erosion can be defined as a loss of the dental
hard tissues, without bacterial involvement [2, 3]. In this con-
dition, the superficial layer of the tooth surface is dissolved. In
enamel, first there is a loss of surface hardness, resulting in a
softened layer, a few micrometers in depth. With continuous
exposure to acid or due to the incidence of mechanical impacts,
this layer can be lost [4, 5]. In dentin, at least in vitro, as the
demineralization advances, it leaves a portion of insoluble col-
lagen matrix intact, which has been shown to be relatively
resistant to mechanical impacts [6, 7].

To prevent or control the progression of dental ero-
sion, oral care products containing fluoride have been
recommended [8–11]. Professional products have higher
concentrations of fluoride [8], and many studies have
indicated that they may present some effectiveness
against erosion [8, 12, 13]. However, associating in-
office fluoridated products with other therapies, such
as high power lasers, has been suggested as a possible
alternative to control erosion progression [9].
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When combined with fluoride, high-power laser irradiation
may potentially increase the deposition and incorporation of
fluoride by the dental substrates [14–17], thus helping to con-
trol demineralization. There are several studies showing the
ability of Nd:YAG, CO2, Argon, and Er:YAG lasers, by them-
selves, to increase the acid resistance of dental surfaces, lead-
ing to a decrease in the caries process [17–19]. However,
when dental erosion is concerned, especially in the dentin
substrate, the studies have shown controversial results, de-
manding further investigations. While de-Melo et al. [20] ob-
served that diode laser irradiation might reduce the effect of
erosion on root dentin specimens, some other studies have
failed to find a significant protective effect of high power
lasers against dentin erosion [12, 13, 21, 22].

Another high power-laser that has been used in the prevention
and control of dental caries [23], but which was not fully ex-
plored in the context of dental erosion is the Er,Cr:YSGG laser
(2.78μm). Due to its high absorption bywater and hydroxyl ions
of hydroxyapatite, this laser is suitable for use in dentistry for
cavity preparation, removal of caries lesions, soft tissue surgeries,
among other applications [23]. With sub-ablative parameters,
Er,Cr:YSGG laser irradiation can cause chemical, physical, and
crystallographic changes in the dental hard tissues, increasing
their acid resistance [23, 24]. In a previous study, in enamel,
the irradiation with Er,Cr:YSGG laser with 8.5 J/cm2 resulted
in significantly lower hardness loss compared with the control,
after a cariogenic challenge [23]. This study also observed that
when laser irradiationwas used before acidulated phosphate fluo-
ride (APF) application, there was an increase in the amount of
fluoride on the enamel surface, when compared with the group
that had been treated with fluoride only. Moslemi et al. [25]
observed that the combination of APF with the Er,Cr:YSGG
laser resulted in greater reduction of enamel demineralization,
regardless of the order of application of the treatments. In relation
to dental erosion, De Oliveira et al. [26] found that the irradiation
of enamel surfaces with Er,Cr:YSGG laser, at a pulse frequency
of 30 Hz and power of 0.50W, was able prevent enamel erosion.
In this study, no association with fluoride was tested. An inves-
tigation by our study group (non-published data) observed that
irradiating enamel specimens with Er,Cr:YSGG laser (0.50 W,
20 Hz, 5.7 J/cm2) after fluoride application significantly reduced
enamel erosion. However, there is still little information on the
anti-erosive effect of this laser on dentin, especially on previously
eroded dentin.

In view of the aforementioned, the aim of this in vitro study
was to evaluate the effect of different protocols of
Er,Cr:YSGG laser, either associated with fluoride application,
or not, for the prevention and control of dentin erosion. The
null hypotheses were (1) the different laser protocols would
not be able to prevent or control the progression of dentin
erosion and (2) the different laser protocols would not be able
to increase the protective effect of fluoride against dentin
erosion.

Materials and methods

Study design

This study followed a factorial 6 × 2 design. The study design
and experimental groups are presented on Table 1.

Specimen preparation

For this study, bovine roots were used. Root dentin slabs
(4 mm × 4 mm× 2 mm) were sectioned using a microtome
(Isomet, Buehler, Lake Bluff, IL, USA) and embedded in
acrylic resin (Varidur, Buehler). The resulting blocks were
ground flat and polished, using the following sequence of
abrasive papers: 800, 1200, 2400, and 4000 grit (Buehler),
under constant water-cooling. At the end of each polishing
procedure, the specimens underwent an ultrasonic bath with
deionized water for 3 min. Specimens with no fractures or any
other visual imperfections were selected. In half of the speci-
mens (60 specimens), to make an initial erosion lesion,
unplasticized polyvinyl chloride (UPVC) tapes were placed
on their polished surfaces, leaving a central window of 4mm×
1 mm exposed. Then the specimens were immersed in 1%
citric acid solution (Sigma Aldrich, St. Louis, MO, USA,
pH~2.4), at room temperature for 10 min. After immersion,
the specimens were rinsed with deionized water. Afterwards,
all the specimens were analyzed with an optical profilometer
(as previously described [27]), to select those with curvature
below 0.3 μm for the sound specimens, and surface loss
values from 3 to 5 μm for the eroded specimens. The selected
specimens were randomly assigned into the 12 experimental
groups (n = 10).

Treatments

For the treatments, the tapes were placed on the polished sur-
faces of the sound specimens as well. APF gel application was
performed with the aid of swabs, for 1 min, and removed with
cotton rolls [23]. The Er,Cr:YSGG laser equipment used pre-
sented a wavelength of 2.78 μm, pulse width of 60 μs (H
mode), fixed repetition rate of 20 Hz, and a power rate that
can range from 0 to 6W. The energy was delivered through an
optical fiber with a beam diameter of 430 μm, with a sapphire
tip of 750 μm in diameter and 6 mm in width (S75), 1 mm
away from the surface, focused mode. For parameter 1, the
following protocol were used: power of 0.25W, repetition rate
of 20 Hz, energy density of 2.8 J/cm2; for parameter 2: power
of 0.50 W, repetition rate of 20 Hz, and an energy density of
5.7 J/cm2. Ten-second irradiations were performed, making
three horizontal sweeping movements, under 30% air cooled
without water, covering the entire surface of the lesion formed
or the surface that was going to be submitted to cycling. APF
gel was applied immediately before laser irradiation.
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Erosive challenge

After treatments, all specimens were attached to the lids
of 12-well cell culture plates, using sticky wax.
Specimens were immersed in 0.3% citric acid (Sigma
Aldrich, Darmstadt, Germany - natural pH~2.6), for
5 min, followed by a 60-min immersion in artificial
saliva (0.213 g/l CaCl2 2H2O; 0.738 g/l KH2PO4;
1.114 g/l KCl; 0.381 g/l NaCl; 12 g/l Tris buffer, pH
adjusted to 7.0 with 1 M HCl solution) [27]. This cycle
was repeated four times a day for 5 days. All experi-
mental procedures were conducted at room temperature.
The acid was renewed after each episode of exposure,
and the artificial saliva was renewed each day, before
the cycle began.

SL assessment

For post-treatment and post-cycling, the tapes were removed
from the specimens and their surfaces were analyzed. An area
of 2 mm long (x axis) × 1 mm wide (y axis) was scanned with
an optical profilometer (Proscan 2100, Scantron, Venture
Way, Tauton, UK). The scan covered the treated area and
protected reference surfaces on both sides. The step size was
set at 0.01mm and the number of steps at 200 in the x-axis and
at 0.1 mm and 10, respectively, in the y-axis. The depth of the
treated area was calculated based on subtracting the average
height of the test area from the average heights of the two
reference surfaces by using the dedicated software (Proscan
Application software v. 2.0.17, Venture Way, Tauton, UK).
The specimens were scanned in a moistened condition to pre-
vent collagen shrinkage [28].

Environmental scanning electron microscopy
evaluation

During post-treatments and post-cycling, three randomly
selected specimens from each group were subjected to
ESEM to qualitatively verify the superficial morphology
of the specimens. Representative micrographs were tak-
en at × 2000 magnification, by using Analy observation
conditions, at the centre of each specimen with 15 Kv.
No specimen preparation was required. In the qualitative
assessment, the surface characteristics of micrographs
were evaluated.

Statistical analysis

The SL data were tested for normality and homoscedasticity
by Shapiro-Willks and Brown-Forsythe, respectively. Since
data did not follow a normal distribution, they were analyzed
by Kruskal-Wallis, Tukey, and Mann-Whitney tests, at a level
of significance of 5%. The software SigmaPlot 13.0 (Systat
Software Inc., Chicago, IL, USA) was used for the
calculations.

Results

At baseline, the mean (SD) curvature for all the specimens
was 0.12μm (0.08). After initial lesion, the mean (SD) surface
loss of the specimens was 3.17 (0.93). The medians of all
groups, after treatments, are presented on Table 2. For the
eroded and sound substrates, a small increase in surface loss
occurred in the groups in which the laser was used, for both
parameters. For the sound specimens, this effect was observed

Table 1 Study design and
experimental groups Treatments Type of

substrate

1. Negative control: no surface treatment 1. Sound
dentin

2. APF gel: acidulate phosphate fluoride gel (1.23% F, pH 3.6–3.9,Maquira Industry of Dental
Products S.A., Maringá, PR, Brazil)

3. Er,Cr:YSGG laser P1: 0.25 W, 20 Hz, 2.8 J/cm2, tip S75 (diameter of 750 μm),pulse width
of 60 μs (H mode), for 10s, three horizontal sweeping movements, under 30% air cooled
without water (Biolase Inc., San Clemente, CA, USA), 1 mm away from the surface

4. Er,Cr:YSGG laser P2: 0.50 W, 20 Hz, 5.7 J/cm2, tip S75 (diameter of 750 μm,), pulse
width of 60 μs (H mode), for 10 s, three horizontal sweeping movements, under 30%
air-cooled without water (Biolase Inc., San Clemente, CA, USA), 1 mm away from the
surface

2. Eroded
dentin

5. APF gel + Er,Cr:YSGG laser P1

6. APF gel + Er,Cr:YSGG laser P2

Experimental unit: sound and eroded dentin specimens (n = 10 each substrate)

Response variable: dentin surface loss (in μm) evaluated post cycling

Additional test: qualitative surface evaluation by environmental scanning electron microscopy
(ESEM) post-treatment and post-cycling
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only when the laser was used with parameter 2. Surface loss
values in the eroded specimens were higher than those in the
sound type, for all the groups (p < 0.05).

The medians of surface loss, after the erosive cycling, for
all experimental groups are shown in Table 3. For the eroded
specimens, none of the groups differed significantly from the
control (C), except for the fluoride group (F). F presented the
lowest surface loss, with no difference from laser P1 and F +
laser P1 (p < 0.05). For the sound specimens, none of the
groups differed significantly from the control as well, except
for laser P2, which presented significantly higher surface loss
(p < 0.05). When sound and eroded specimens were com-
pared, only the control and F + laser P1 groups showed sig-
nificant difference between substrates.

In the ESEM images, post-treatment (Fig. 1), of the control
group, a regular surface, with a few occluded dentin tubules
could be observed. The images of the eroded control group
showed a more irregular dentin surface, with opened tubules.
In the APF gel group, a similar pattern was observed for both
substrates, except for the presence of some particles over dentin,
which were suggestive of calcium fluoride deposits, because of
the size of the particles in relation to the dentinal tubules. In the
laser-treated groups, with both parameters 1 and 2, it was pos-
sible to observe that a possible dentin conditioning occurred,
enlarging the dentin tubule entrances. In some parts, it seemed
that the laser removed portions of the dentin, forming a crater.
For the eroded substrate, it seemed that the citric acid either
removed the crater, or it was not formed.

After cycling (Fig. 2), this surface pattern remained for all
groups, however, more discreetly.

Discussion

According to the results of the present study, both of our null
hypotheses were accepted because, irrespective of the sub-
strate, no laser protocol showed an ability to protect dentin
from erosion, not even when associated with fluoride.

In a previous investigation performed by our study group
(unpublished data), the use of an Er,Cr:YSGG laser, either com-
bined with fluoride, or not, was tested against enamel erosion
progression. Promising results were observed with the associa-
t ion of fluoride and this laser with parameter 2
(Er,Cr:YSGG laser P2 0.5 W, 5.7 J/cm2). A significant reduc-
tion in enamel surface loss was found, which encouraged us to
test the anti-erosive effects of this laser in dentin as well. As
dentin has distinct morphological aspects, it was reasonable to
suppose that the interaction between the laser and this tissue
would be also different. Dentin contains more water than enam-
el, which in turn, has a higher mineral content. In addition,
erosion progresses differently in dentin than it does in enamel.
In view of these factors, the laser parameters used should be
individualized for each tissue.

The Er,Cr:YSGG laser energy is highly absorbed by water
and hydroxyapatite, acting on the dental hard tissues through
explosive thermo-mechanical ablation. In this mechanism, the
water molecules within the hydroxyapatite crystals absorb the
incident radiation, and the water vaporization results in in-
creased internal pressure and micro explosions occur, leading
to substrate ejection in the form of inorganic particles and to
precise irradiated tissue removal [29, 30]. When used under
the ablative threshold, it was suggested that the heating caused

Table 3 Medians (IQR) of dentin
surface loss for all experimental
groups after cycling

Groups Eroded Sound

Control 15.21 (11.50–16.51) ABC* 7.14 (5.33–8.92) BCD*

APF gel 5.16 (3.57–7.79) D 4.74 (3.74–5.17) CD

Er,Cr:YSGG laser P1 11.84 (9.47–14.80) BCD 11.19 (8.57–12.38) ABC

Er,Cr:YSGG laser P2 24.21 (18.32–28.06) A 23.11 (20.68–26.06) A

APF + Er,Cr:YSGG laser P1 9.86 (8.21–11.07) CD* 3.68 (3.26–4.50) D*

APF + Er,Cr:YSGG laser P2 17.36 (16.33–20.96) AB 17.61 (17.16–19.44) AB

Different letters show significant difference among groups (p < 0.05), in column. In rows, *shows significant
difference between substrates (p < 0.05), for each group

Table 2 Medians (IQR) of dentin
surface loss for all experimental
groups after treatments

Groups Eroded Sound

Control 3.68 (2.76–4.03) C* 0.10 (0.04–0.19) C*

APF gel 3.59 (3.24–4.16) C* 0.10 (0.04–0.19) C*

Er,Cr:YSGG laser P1 3.41 (3.35–4.45) ABC* 0.50 (0.24–0.68) ABC*

Er,Cr:YSGG laser P2 4.71 (4.30–5.02) A* 0.93 (0.44–1.63) AB*

APF + Er,Cr:YSGG laser P1 3.85 (3.10–4.32) BC* 0.26 (0.09–0.46) BC*

APF + Er,Cr:YSGG laser P2 4.61 (4.19–5.11) B* 1.81 (0.63–2.12) A*

In columns, different letters imply significant difference among groups (p < 0.05). In rows, asterisk denotes
significant difference between substrates, for each group (p < 0.05)
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by the Er,Cr:YSGG laser irradiation would cause chemical
and crystallographic changes on dental mineralized tissues,
resulting in an increase in their acid resistance [31, 32].
Some other studies have suggested that laser irradiation could
promote the formation of micro spaces in enamel, enhancing
the incorporation or diffusion of fluoride through its structure,
thus allowing the formation of a fluoride reservoir that would
be relevant for dentin erosion protection [33, 34]. However,
the results of the present study, testing this laser on dentin
(with the same parameters previously tested on enamel) were
less promising. The authors believe that the parameters used
were extremely aggressive for dentin, especially when it was
eroded, because this substrate contains more water than enam-
el. As Er,Cr:YSGG laser is absorbed by water to a larger
extent, consequently, it caused more ablation of the surface.
This fact could be observed in the profilometer measurements
performed after treatment, in which different degrees of dentin
surface loss occurred after laser irradiation. In the ESEM im-
ages was also possible to observe indications that the tissue
was ablated.

As far as fluoride application was concerned, it only
showed a protective effect for the eroded specimens; however,
this effect was limited. This could be due to the low frequency
of gel application, as it was applied only once before cycling.
Monovalent fluoride compounds act on erosion mainly by

surface protection, through the deposition of precipitates such
as CaF2-like, which would act as a first barrier against erosive
acids. These deposits can also serve as a reservoir, releasing
fluoride and calcium into the medium at the time of the erosive
challenge [12, 13]. However, due to the high aggressiveness
of the erosive challenges, the protection offered by fluorides is
usually of short duration, requiring frequent application,
which may not compatible with the mode of use of profes-
sional products. Although the mechanism of action of fluoride
on enamel and dentin are quite similar, the concentration of
CaF2-like deposits in dentin was found to be sevenfold higher
than it was in enamel, which could be explained by the smaller
size of the hydroxyapatite crystals in dentin, resulting in a
larger surface area, therefore a more reactive mineral phase
[35]. Additionally, dentin is a more acid-soluble substrate than
enamel [36], resulting in more calcium being released by the
APF treatment, which would react with fluoride and precipi-
tates as CaF2-like material [37]. However, despite all these
characteristics, the presence of organic matrix was found to
be a key factor for the effectiveness of fluoride against dentin
erosion. Organic matrix is not only capable of slowing down
demineralization, but in the presence of high amounts of fluo-
ride, it is capable of stopping the process of erosion [38]. This
may explain why fluoride only showed a protective effect for
the eroded specimens, which probably had the organic matrix

Fig. 1 Representative micrographs obtained for all the groups post treatments at × 2000magnification. a Sound dentin and b eroded dentin. 1, control; 2,
APF gel; 3, Er,Cr:YSGG laser P1; 4, APF gel + Er,Cr:YSGG laser + P1; 5, Er,Cr:YSGG laser P2; and 6, APF gel + Er,Cr:YSGG laser + P2

Fig. 2 Representative micrographs obtained for all the groups post cycling at × 2000 magnification. a Sound dentin and b eroded dentin. 1, control; 2,
APF gel; 3, Er,Cr:YSGG laser P1; 4, APF gel + Er,Cr:YSGG laser + P1; 5, Er,Cr:YSGG laser P2; and 6, APF gel + Er,Cr:YSGG laser + P2
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exposed because of the initial exposure to acid to create an
initial lesion.

For the association between high power lasers and fluoride,
some studies showed a significant synergism in reducing
enamel demineralization and increasing fluoride retention
[23]. One study showed that the firmly bound fluoride inte-
grated into the crystalline structure may increase crystal sta-
bility and acid resistance [39]. In addition, the tightly bound
fluoride can server as a fluoride reservoir [15, 39]. In a previ-
ous investigation performed by our group (non-published da-
ta), a significant reduction in enamel surface loss was ob-
served when compared with the control (without treatment)
with the combined use of Er,Cr:YSGG laser and fluoride, but
not when these treatments were tested separately.
Nevertheless, in the present study, this synergism was not
observed. Although some reduction in surface loss was found
for the sound specimens irradiated with the Er,Cr:YSGG laser
protocol P1, when compared with APF + Er,Cr:YSGG laser
P1, both treatments did not significantly differ from the con-
trol. Perhaps for dentin, this synergic effect warrants further
investigations with the use of lower energy laser protocols.

In the present study, eroded and sound substrates were used.
The option taken was to test both substrates, because most of the
studies testing high power lasers against dentin erosion were
performed on sound dentin specimens [21, 22, 40]. However,
it is unlikely that this would be the substrate irradiated in the
clinical scenario. It is likely that high power laser irradiation
would be recommended to prevent erosion progression on al-
ready eroded surfaces. Additionally, one previous study by our
group showed that the laser protocols usually applied on sound
dentin might not be feasible for use on eroded dentin [12]; thus,
it is necessary to establish different protocols for each substrate.
Indeed, the parameter P1 used herein (parameter 1: 0.25 W,
20 Hz, 2.8 J/cm2) was unable to promote much change in the
sound dentin, but some ablation occurred in the eroded substrate.

Conclusion

Considering the limitations of this in vitro study, it could be
concluded that the Er,Cr:YSGG laser parameters tested were
not effective in the control of dentin erosion progression.
Laser irradiation was also not able to increase the protective
effect of fluoride against dentin erosion.
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