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Influence of Er,Cr:YSGG laser on root 
dentin submitted to erosive and/or 
abrasive challenges

Abstract: This study evaluated how Er,Cr:YSGG laser, associated or not 
with 5% fluoride varnish, influences the surface roughness and volume 
loss of bovine root dentin submitted to erosive and/or abrasive wear. 
One hundred and twenty dentin specimens were divided into the 
groups: without preventive treatment (WPT), 5% fluoride varnish (FV); 
Er,Cr:YSGG laser irradiation (L), and varnish combined with laser (FV 
+ L). The specimens (n = 10) were subdivided into: 1 = erosion (E); 2 = 
abrasion (A); and 3 = erosion followed by abrasion (E + A). The erosive 
solution used was a soft-drink (pH = 2.42 at 4ºC) applied in 5-min cycles 
twice a day for 10d. Abrasive wear involved brushing for 60s with an 
electric brush (1,600-oscillations/s) at a load of 2.0N. Surface roughness 
and volume loss were evaluated using a laser scanning confocal 
microscope. Roughness data were submitted to one-way ANOVA and 
Tukey post-hoc test. For volume loss, the Kruskal-Wallis and Dunn’s 
post-hoc tests were used (α = 5%). The lowest values of roughness were 
found in the control areas of all subgroups (p > 0.05). In the experimental 
area, the [(WPT) + (E+A)] subgroup had a significantly higher roughness 
(5.712 ± 0.163 μm2) than the other subgroups (p < 0.05). The L and (FV + 
L) groups had statistically similar roughness, regardless of the type of 
wear. The (FV + L) group had the lowest volume loss, regardless of the 
type of wear performed: [(FV + L) + (E)] = 7.5%, [(FV + L) + (A) = 7.3%, 
and [(FV + L) + (E + A)] = 8.1%. The subgroup [(WPT) + (E + A)] had 
the highest volume loss (52.3%). The proposed treatments were effective 
in controlling dentin roughness. Laser irradiation can be an effective 
method to increase root dentin resistance after challenges and limit 
problems related to non-carious lesions.
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Introduction

The increase in life expectancy and the improvement in preventive 
techniques offered in the field of dentistry have contributed to a greater 
longevity and maintenance of natural teeth in the oral cavity.1 However, the 
number of non-carious cervical lesions (NCCLs) has gradually increased 
due to behavioral changes of the population.2,3

These lesions arise due to an irreversible loss of enamel and dentin 
at the cement-enamel junction without bacterial involvement.4 With 
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a multifactorial etiology, NCCLs associated with 
dental erosion, abrasion, abfraction, and attrition 
cause the root surface to be exposed.5 In addition, 
the combination of potential etiological factors for 
NCCL development, such as dental erosion and 
dental abrasion processes,6 can cause cervical dentin 
hypersensitivity and an accumulation of biofilm in 
the region.7

Dental erosion is caused by endogenous or 
exogenous acids.8,9 The consumption of citrus fruits 
and juices, soft drinks, alcoholic drinks, vitamin C 
tablets, and isotonic drinks, because of their low 
pH and high erosive potential, are recognized in 
the literature as a source of injury to the dental 
structure, characterized by extrinsic dental erosion.3,8,10 
Additionally, intrinsic factors include changes in pH 
due to hydrochloric acid from the stomach reaching 
the oral cavity through vomiting, regurgitation, or 
gastroesophageal reflux, from disorders such as 
bulimia, anorexia, or hiatal hernia.3

The influence of abrasion from toothbrushing 
on the progression of NCCLs is controversial. 
According to Shellis and Addy,11 under normal 
and adequate conditions, toothbrushing using 
commercials toothpaste causes minimal dentin 
wear throughout life. However, depending on the 
force applied during brushing dental wear, dental 
weat could aggravate.4,5

Preventive treatments for dental erosion are 
directed against causal factors and may include 
changes to the diet and a reduced consumption 
of acidic drinks because it is well known that the 
patient’s habits play a major impact on preventing 
erosion/abrasion.8 Modifications of the tooth surface 
can also increase the resistance to acidic challenges, 
for which fluorides have been effective.8,12 Fluoride-
containing solutions promote a protective effect, 
which has been demonstrated in in vitro and in situ 
studies.8,13 The topical application of fluoride agents, 
such as sodium fluoride (NaF), can protect against 
dental erosion through the formation of a CaF2 layer 
on the surface.14

Irradiation with the Er,Cr:YSGG laser on the dental 
surface causes an increase in the surface temperature 
and alters its chemical structure, making the surface 
less soluble.15 A previous study has investigated the 

effectiveness of Er:YAG laser irradiation, with or 
without a fluoride agent, against abrasive wear on 
tooth enamel.16 The results showed that the proposed 
treatment was effective only when associated with 
the fluoride agent, since it promoted morphological 
changes in the enamel structure, which provided 
greater CaF2 retention and helped to control abrasive 
wear. The behavior was expected to be similar with 
dentin. Additionally, when the enamel and dentin 
are irradiated with a laser, the surfaces are partially 
melted and solidified, which suggests that these 
surfaces would be less permeable.16 According to 
He et al.,17 Er:YAG laser irradiation affected both 
mineral and organic components in the subsurface 
dentin layer, leading to a higher degree of crystallinity 
and reduced organic compounds.

As mentioned above, the effect of erbium lasers 
in dentin submitted to erosive or abrasive processes 
has been studied. The present study differs from the 
others because it also compared the combination 
of erosion followed by abrasion. Dentin substrate 
was used instead of enamel so that the results 
could be extrapolated to clinical conditions of 
dentin hypersensitivity.7

Therefore, the aim of this in vitro study was 
to evaluate the influence of the Er,Cr:YSGG laser 
associated or not with 5% fluoride varnish on the 
surface roughness and volume loss of bovine root 
dentin subjected to erosive and/or abrasive wear, 
measured using confocal laser scanning microscopy. 
The hypothesis of the present study was that the 
erosive and/or abrasive challenges and the different 
preventive treatments would result in statistically 
significant differences in surface roughness and loss 
of volume in bovine root dentin.

Methodology

Experimental design
The factors under study were the preventive 

treatment methods (5% fluoride varnish, Er,Cr:YSGG 
laser irradiation, and varnish combined with laser) 
and the challenges (erosion, abrasion, and erosion 
followed by abrasion). The quantitative response 
variables were surface roughness (in μm2) and loss 
of volume (in %). Figure 1 shows the study flowchart.
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Teeth selection and samples preparation 
After approval by the Animal Experimentation 

Ethics Committee of the University of Uberaba under 
protocol number 028/2018, 60 bovine incisors without 
any cracks or wear were selected. The teeth were 
cleaned and then immersed in a 10% formalin solution 
for disinfection (pH = 7) for 7 days. Afterwards, 
the teeth were washed and stored in distilled and 
deionized water at a temperature of 4ºC, which was 
changed daily for a period of 14 days.8

The coronary portion of the root was sectioned 
using a diamond disk under refrigeration in the 
ISOMET 1000® cutting machine (Precision Saw Buehler, 
Lake Bluff, USA). The first cut was made 1 mm below 
the cementoenamel junction. The second cut was made 
in the buccal-lingual direction, resulting in two halves 
(mesial and distal). Each half was again sectioned to 
obtain specimens with the dimensions of 4.25 mm x 
4.25 mm x 2.5 mm. The sides of the specimens were 
sanded with an Arotec APL-4 polishing machine 
(Series 41042, Arotec S.A. Industry and Commerce, 
Cotia, Brazil) using a #600 sandpaper under water 
cooling, resulting in a surface area of   18 mm². The 

external (buccal) surface of the specimen was not 
polished. A 10% positive or negative variation in 
dimensions was allowed. Half of the surface of each 
specimen was covered with electrical tape. Two layers 
of red nail polish (Risqué Maybelline Ltda, Sao Paulo, 
Brazil) and sculpting wax (Kota Industria, Cotia, 
Brazil) were applied, isolating the area. After this 
procedure, the tape was removed, and each specimen 
had a control surface coated with nail polish and wax 
protection. The specimens were stored in distilled 
and deionized water at a temperature of 4ºC until 
the proposed treatment was performed,8,18 at which 
point they were randomly divided into 12 subgroups 
(n = 10), according to the preventive treatments. The 
sample size was calculated by setting the level of 
significance at 5% and the test power at 90%.

Preventive treatment of specimens
The fluoride varnish (5% sodium fluoride) used was 

Duraphat® - 22600 ppm fluoride (Colgate Palmolive 
Ind. e Com. Ltda, Sao Paulo, Brazil). A disposable 
applicator (KG Brush, KG Sorensen, Cotia, Brazil) 
was used to apply the varnish on the buccal face 

Figure 1. Flowchart of the study.
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of the previously waterproofed specimens. After 
4 minutes, the excess was removed with a sterile 
gauze. A Er,Cr:YSGG laser (Waterlase Millennium, 
Biolase Technologies Inc., San Clemente, USA) was 
used with 600 µm diameter fiber (tip model: ZipTip 
MZ6 3 mm), at a wavelength of 2.78 μm, with 10s of 
irradiation in the scanning mode 1 mm away from 
the target tissue, at 0.5 W power, a repetition rate 
of 5.0 Hz, and an energy density of 6.25 J/cm².8 To 
simulate a clinical condition, a calibrated operator 
manually scanned the dentin surface (approximately 
8.0mm/s) with the laser light for a period of 10s (5s 
horizontally and 5s vertically). The use of the laser 
without water cooling was based on a previous 
study,13 where it was shown that the water could 
cause ablation in the tissue, making it less effective 
as a preventive treatment.

Erosive challenge
After the treatments, the specimens were submitted 

to an erosive challenge using a carbonated soft 
drink (Coca-Cola®, Uberlandia Refrescos LTDA, 
Uberlandia, Brazil) with a pH of 2.43 at 4ºC, according 
to Arantes et al.8 and modified for the present study. 
Each subgroup was placed separately in a beaker with 
50 mL of the drink for 5min, with a magnetic stirrer 
(model 221-1, ABC-LAB Produtos e Equipamentos 
Laboratorios, Sao Bernardo do Campo, Brazil). The 
erosive solution was then discarded, the specimens 
were washed with distilled and deionized water 
for 10s, stored in artificial saliva, and placed in an 
oven at 37ºC between cycles. This procedure was 
performed twice a day, with a 2h interval between 
challenges, for a period of 10d. The artificial saliva 
had the following chemical composition: KH2PO4, 
K2HPO4, KCl, NaCl, MgCl2.6H2O, CaCl2.2H2O, sorbitol, 
nipagin, nipasol, carboxymethylcellulose (CMC), and 
water; pH = 7.00 at 37ºC.

Abrasive challenge
Abrasive wear was performed by brushing the 

buccal surface of the specimens 1 hour after the second 
daily erosive challenge19 by the same operator. The 
specimens were brushed in vitro with soft-bristle electric 
toothbrushes with rounded tips (Oral-B Professional 
Care 5000, Procter and Gamble, Marktheidenfeld, 

Germany), which simulated an oscillatory brushing 
technique parallel to the central mark limiting the area 
subjected to the cycles. The dentifrice used was Colgate 
Total 12 Clean Mint (Colgate-Palmolive Industrial Ltda, 
São Paulo, Brazil). A solution (slurry) was prepared 
20min before use by mixing the toothpaste and distilled 
water at a proportion of 1:2 by weight. The brush head 
(Precision Clean, Procter and Gamble, São Paulo, 
Brazil) had three sets of soft bristles with different 
shapes positioned at different angles and heights. 
The electric toothbrush was attached to a device and 
a force of 2.0 N (≈ 200 g) was applied during brushing 
for 1 min (166 oscillations/s). The slurry solution was 
injected between the bristles at the beginning and 
at every 15s, and the specimens remained in contact 
with the slurry for 2 min after brushing.18 Considering 
the average brushing time of approximately 20s per 
face, the present study used the total time of 1min 
to simulate three daily brushings.20 Afterwards, the 
specimens were washed with distilled and deionized 
water for 10s, lightly dried with absorbent paper, and 
then kept in 25 mL of artificial saliva and stored at 37ºC.

Analysis of the surface roughness and 
volume loss

After treatment followed by erosive and/or abrasive 
challenges, the specimens were analyzed using a 
laser scanning confocal microscope. The specimens 
were immersed in distilled and deionized water, 
inserted in an ultrasonic vat (Ultrasonic Cleaner 
740D - Odontobras - Ribeirao Preto, Brazil), stirred 
for 5 min, and later positioned parallel to the table 
of the LEXT laser-scanning microscope (Olympus, 
Tokyo,  Japan) with the aid of a parallelometer.

These analyses were performed by the same 
highly trained and experienced operator (specialist 
technician), who was blinded and calibrated. The 
calibration was done by the initial validation of 
the OLS4000® software, and for blinding, the 
experimental specimens were coded before the 
analyses and the operator did not participate in the 
other methodological steps.

After selecting the central region of the 1 mm x 
1 mm specimen, images were acquired using a 10x 
magnification lens and analyzed for surface roughness 
(Ra parameter in μm²) and volume loss (%), and the 
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control and experimental regions were compared. 
The data were acquired using a specific software 
(OLS4000® - Olympus, Japan).

The difference in the volume of the control 
and experimental regions of each specimen was 
determined, taking into account the midline of 
the graph. The data were obtained in μm3 and, for 
statistical calculations, transformed into percentage 
of lost volume.

Statistical analysis
The data were analyzed for distribution 

(Kolmogorov-Smirnov) and homogeneity (Levene). 
As these conditions were met, the surface roughness 
data were subjected to one-way ANOVA and to Tukey’s 
post-hoc for multiple comparisons. To analyze volume 
loss, the data were subjected to the Kruskal-Wallis 
test and the Dunn post-hoc test. All statistical tests 
adopted a significance level of 5% (α = 0.05).

Results

Surface roughness
The surface roughness values are described in 

Table (n = 10). In the control areas, all subgroups 

showed lower values of surface roughness that were 
statistically similar to each other (p > 0.05), and 
statistically different from the experimental areas 
(p < 0.05).

For the experimental areas, the surface roughness 
in the negative control subgroup [(WPT) + (E + A)] 
was the highest (5.712 ± 0.163 µm2), with a statistically 
significant difference from the other subgroups 
(p < 0.05). There was no statistically significant 
difference between the L and (FV + L) subgroups, 
regardless of the type of wear (p > 0.05). Among the 
proposed treatments, the [(FV + (E + A)] subgroup had 
a surface roughness of 3.355 ± 0.098 µm2, which was 
significantly different from the other FV treatment 
groups (p < 0.05).

Percentage of volume loss
As described in Table, (FV + L) showed the 

lowest volume loss (p < 0.05) regardless of the wear 
performed: [(FV + L) + (E)] = 7.5%, [(FV + L) + (A)] = 
7.3%, and [(FV + L) + (E + A)] = 8.1%. However, the 
greatest volume loss was observed in the [(WPT) + 
(E + A)] subgroup, at 57.2%. Microscopically, there 
were great differences in the coloration between 
the control and experimental regions (Figure 2).

Table. Mean values and standard deviation of the surface roughness (μm²) and volume loss (%) of the groups, considering the 
control and experimental regions.

Preventive treatment Type of challenge Subgroup code 
Roughness in control 

region
Roughness in 

experimental region
Volume loss

Without Preventive 
Treatment (WPT)

1.Erosion [(WPT)+(E)] 0.812 (0.061)a 3.592 (0.092)c 37.8 (2.9)D

2.Abrasion [(WPT) +(A)] 0.867 (0.084)a 3.734 (0.075)c 35.1 (3.5)D

3.Erosion + Abrasion [(WPT) + (E+A)] 0.845 (0.077)a 5.712 (0.163)d 57.2 (4.1)E

5% Fluoride Varnish (FV)

1.Erosion [(FV) + (E)] 0.844 (0.069)a 2.132 (0.084)b 23.9 (2.4)C

2.Abrasion [(FV) + (A)] 0.832 (0.057)a 2.251 (0.090)b 34.7 (3.0)D

3.Erosion+ Abrasion [(FV) + (E+A)] 0.872 (0.080)a 3.355 (0.098)c 36.7 (3.9)D

Er,Cr:YSGG  Laser (L)

1.Erosion [(L) + (E)] 0.846 (0.056)a 2.101 (0.059)b 13.4 (2.6)B

2.Abrasion [(L) + (A)] 0.837 (0.081)a 2.136 (0.080)b 14.0 (3.1)B

3.Erosion + Abrasion [(L)+( E+A)] 0.866 (0.085)a 2.205 (0.084)b 14.4 (2.3)B

Varnish + Laser (FV+L)

1.Erosion [(FV+L) + (E)] 0.841 (0.074)a 2.015 (0.087)b 7.5 (1.2)A

2.Abrasion [(FV+L) + (A)] 0.840 (0.053)a 2.041 (0.095)b 7.3 (1.5)A

3.Erosion + Abrasion [(FV+L) + (E+A)] 0.849 (0.083)a 2.263 (0.086)b 8.1 (1.7)A

*Equal letters represent statistical similarity between subgroups (p > 0.05); small letters for roughness and capital letters for volume loss
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Discussion 

Erosion and abrasion are important mechanisms of 
dental wear. Among the numerous existing methods 
for assessing the superficial morphology of hard 
dental tissues, confocal laser scanning microscopy 
provides high resolution images and allows better 
surface characterization, such as enamel prisms, 
dentinal tubules, and demineralization areas18 

since it does not generate damage to the specimen 
surface, unlike scanning electron microscopy.21 In the 
present study, the control and experimental regions 
showed significant differences in surface roughness 
and volume loss (p < 0.05). Therefore, the research 
hypothesis that exposure to erosive and/or abrasive 
challenges and different treatments would result in 
statistically significant differences was confirmed.

NCCLs are highly prevalent in the population.2,22 

According to some authors, their etiology is 
multifactorial, meaning they begin and progress due to 
the interaction of different wear processes,5,23 including 
erosion (corrosive wear), abrasion (abrasive wear), 
friction (occlusal overload, usually associated with 
abrasion), and attrition. In advanced stages, NCCLs 
compromise the function and aesthetics of the teeth 

involved, and dentin hypersensitivity may appear, 
which often requires extensive restorative treatment.24

For this study, the immersion of the specimens 
in a cola-based soft-drink was chosen due to its 
great erosive potential, widely discussed in the 
scientific literature,8,10,12 in addition to being a drink 
consumed worldwide. Its pH is around 2.43 at the 
usual drinking temperature, which is below the 
critical dentin dissolution pH (< 6.5), promoting 
demineralization of the dentin surface.8,11 This 
corroborates the current study results, which showed 
the superficial demineralization of dentin after 
exposure to Coca-Cola®. It is speculated that erosive 
events release the collagen matrix from dentin, during 
hydroxyapatite dissolution, which could provide a 
temporary protective role for this tissue. According to 
Shellis et al.,25 the collagen layer is largely unaffected 
by dietary erosion and forms a mat of fibrils as the 
mineralized matrix dissolves, although abrasive 
influences will probably result in surface change. 
The relevance and clinical implications of this layer 
in the erosion/abrasion wear of dentin have yet to 
be fully understood.

The data obtained demonstrated an increase in 
dentin roughness, and the presence of irregularities 

Figure 2. Representative images of specimens obtained by confocal laser scanning (× 20 magnification). The blue arrow indicates 
the control region (root dentin without exposure to preventive treatments and challenges) and the red arrow indicates the experimental 
region (exposed to preventive treatments and challenges).
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causes a greater accumulation of biofilm, increasing 
the chances of developing carious lesions and 
periodontal problems.19,26

The subgroup [(WPT) + (E + A)] showed the highest 
surface roughness (5.712 μm2) and volume loss (57.2%), 
demonstrating the potential for dentin wear by two 
combined challenges, erosion followed by abrasion, 
which reinforces the need for preventive measures.

 NaF can provide protection to dental enamel 
by releasing calcium ions into oral fluids in acidic 
conditions, which can increase the concentration 
of calcium in saliva.27 The degree of saturation of 
enamel hydroxyapatite can thus change, contributing 
to the inhibition of demineralization and an 
increase in remineralization.10,15,28 Considering that 
hydroxyapatite is one of the main constituents of 
enamel and dentin, it is expected that fluoride protects 
dentin against the demineralization process through 
a similar mechanism.8 Kim et al.29 demonstrated that 
during the demineralization and remineralization 
processes, fluoride agents promote the formation of 
fluoroapatite or fluoride hydroxyapatite, which are 
more resistant to dissolution in an acidic medium. 
Furthermore, the use of fluoride varnish has been 
recommended, as the technique increases the 
contact time of the exposed dentin to the fluoride, 
thus increasing effectiveness.8

In the present study, the FV group with the highest 
surface roughness was the [(FV) + (E + A)] subgroup, 
which was significantly different from the other 
FV-treated specimens. However, it presented a lower 
volume loss from erosion than the other types of 
wear. This can be explained by the fact that fluoride, 
even in the form of varnish, is easily removed with 
brushing or in an acidic medium.30

According to a previous study, dentin wear is 
related to toothpaste abrasiveness, measured using 
Relative Dentine Abrasivity (RDA). The International 
Organization for Standardization (ISO # 11609) 
recommends that dentifrices should have an RDA 
of less than 250.11

It is important to note that the daily-use toothpaste 
used in the present study has 1450 ppm of fluoride 
and silica as an abrasive agent (RDA = 139.1 ± 4.51), 
which may have removed the fluoride varnish. This 
can be seen by comparing the volume loss   of the 

subgroups [(FV) + (A)] = 34.7% and [(WPT) + (A)] 
= 35.1%, which were statistically similar (p > 0.05), 
corroborating the findings of another study31 that 
evaluated the same toothpaste, showing it had higher 
RDA than Sensodyne Protection and Repair (102.6 
± 3.24) and Colgate Sensitive Pro-Relief (81 ± 3.55).

Therefore, it is suggested that preventive 
treatment with a single application of a fluoride agent 
seems to have influenced the surface roughness of 
dentin submitted to erosion and abrasion, likely 
promoting the formation of a CaF2 layer,14 which 
may have been removed by toothbrushing. The 
abrasiveness of the toothpaste and the low pH 
of the beverage used can negatively influence 
surface roughness, especially since these events 
are associated in the oral cavity.

The specimens were brushed with oscillating-
rotating brush head with three sets of soft bristles 
of different shapes positioned at different angles.32 
Dentin wear occurred due to the high number of 
brushing movements produced by the electric method 
and the application of 2 N of force. The action of the 
bristles of electric toothbrushes associated with the 
high abrasiveness of the toothpaste promotes greater 
dentin wear than regular toothbrushes.33,34,35

In previous studies, NaF has been shown to 
have excellent results in reducing the progression of 
enamel erosion and protecting the precipitation of 
calcium fluoride on eroded dental surfaces, especially 
when used in high concentrations.3,36,37 In the present 
study, fluoride varnish proved to be more effective 
in preventing erosion than the WT group. However, 
for situations of abrasion or (E + A), it did not have 
the same protective effect.

For volume loss, there was no significant difference 
between the groups irradiated with L (p > 0.05). 
The (FV + L) group presented the lowest volume 
loss, regardless of the type of wear performed. The 
combination of laser and fluorides has been shown 
to potentiate the effect of each method individually, 
improving the incorporation of fluoride ions into the 
root dentin and increasing its resistance to acid.8,13,38 

Even when applied isolated, the Er,Cr:YSGG laser 
presents the advantage of obliterating dentinal 
tubules after the fusion and rehardening mechanisms, 
differently from other light sources.39
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The Er,Cr:YSGG laser has also been used clinically, 
showing satisfactory results in the control of dentin 
hypersensitivity.40 In vitro studies showed that 
Er,Cr:YSGG laser has a great interaction with dentin 
due to its high absorption coefficient in both water and 
hydroxyapatite, altering the structural composition 
and decreasing solubility.8,18 Accordingly, researchers 
are now encouraged to apply the laboratory results 
in new clinical research, aiming to establish clinical 
protocols for increasing the acid resistance of dentin.

The dental surgeon has a fundamental role in 
informing patients about the importance of a less 
acidic diet and the use of soft-bristle toothbrushes 
and less abrasive toothpaste to prevent the onset and 
progression of NCCLs.

Future studies should analyze other physical-
mechanical properties, such as the color stability of 
the dental substrate, the longitudinal microhardness, 
and the bond strength of the substrate to restorative 
materials in order to investigate the longevity of 
restorative techniques used in irradiated dentin.

Conclusion 

Considering the results obtained and the limitations 
of this in vitro study, the proposed treatments were 
effective in controlling surface roughness of root 
dentin. Laser irradiation, especially when associated 
to previous fluoride application, resulted in less loss 
of dental tissue, and it can be an effective preventive 
method to limit problems related to non-carious lesions.
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