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Abstract

Background: Root caries is an oral health condition characterized by the demineralization of the root surfaces of
teeth. It is particularly common among elderly populations. Lasers have proven to be quite effective in treating
root caries, with varying effects depending on the laser parameters and the target tissue. Thus, aim of this article
was to evaluate the influence of Er,Cr laser irradiation and 980 nm diode laser application, with or without fluoride
treatment, on the microhardness of root dentin.

Material and Methods: Eigthy-bovine incisors were selected (4mm x 4mm x 3mm-thickness) and divided into 8
groups (n=10). NT: no treatment (negative control); FG: Fluoride gel (2%NaF); Er,Cr: Er,Cr: YSGG; Er,Cr+FG;
FG+ Er,Cr; Di: 980 nm diode laser; Di+FG; FG+Di. The parameters Er,Cr:YSGG laser were as follows: 0.25 W;
5.0 Hz; 4.46 J/cm? without water and 55% air. Furthermore, the 980-nm diode laser parameters were 2.0 W; 2.0
Hz; 21.41 J/cm?. Half of each specimen was isolated (control area) and the other half received one of the treatments
proposed after to pH cycling during for 15 days to simulate a high caries risk environment, followed by longitudi-
nal microhardness analysis (Knoop) under a load of 30 gf for 30 seconds. Microhardness percentage values were
analyzed using the non-parametric Kruskal-Wallis test, followed by Dunn’s post hoc test for pairwise comparisons.
Results: The highest percentage of microhardness loss was observed at 30 pm in FG (35.7%) and in CO (51.9%)
(p <0.05).

Conclusions: This study suggests that laser irradiation, with or without fluoride application, is associated with re-
duced microhardness loss in root dentin.
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Introduction

Root caries is an oral health condition characterized by
the demineralization of the root surfaces of teeth. It is
particularly common among elderly populations, with
various epidemiological studies indicating a conside-
rable prevalence (1,2). This phenomenon is attributed
to increased longevity, coupled with advancements
in dentistry—especially in prevention, diagnosis, and
treatment—that allow teeth to remain in the oral cavi-
ty for longer periods. While this represents a significant
improvement in oral health for the elderly, it also poses
challenges for controlling and managing disease pro-
gression (3).

With aging, our bodies undergo a series of physiological
changes, one of which is bone resorption. This process
can lead to the exposure of the root surfaces of teeth (4).
When this exposure occurs, teeth become more suscep-
tible to the development of caries. This increased vulne-
rability is due to the chemical and morphological com-
position of the root surface, which is more fragile than
the dental crown because it lacks enamel. Instead, it is
covered only by cementum, which is less resistant (5).
Additionally, other age-related factors, such as reduced
salivary flow due to medication use or radiotherapy, can
further contribute to the development of root caries (6).

An essential biological factor in the formation of root
caries lesions is the dental biofilm, although it is not su-
fficient on its own for these lesions to occur (7). The
constant availability of fermentable carbohydrates leads
to acid production, promoting microbial adaptations wi-
thin the biofilm and the proliferation of cariogenic mi-
croorganisms. This microbial imbalance results in the
re-demineralization of the tooth, as the acidogenic envi-
ronment favors the growth of acidogenic microorganis-
ms (8). Initially, this manifests as white spots (non-cavi-
tated lesions). If the demineralization process continues,
the carious lesion progresses, causing the breakdown of
the superficial layer and resulting in a cavity, known as a
cavitated carious lesion (9).

One of the most common preventive strategies is the
application of fluorides, which exert their effects in
various ways. When present in the biofilm and saliva,
fluorides slow down demineralization and promote re-
mineralization. Additionally, fluoride interferes with
glycolysis, the process by which cariogenic bacteria
convert sugars into acid (10). However, the effect of
fluoride is limited, as it does not completely prevent
disease development under high cariogenic challenges.
Furthermore, root caries lesions involve both demine-
ralization and the degradation of the organic matrix of
dentin (11).

Lasers have proven to be quite effective in treating root
caries, with varying effects depending on the laser pa-
rameters and the target tissue. Key parameters include
wavelength, pulse duration, and energy density, all of
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which influence the effects of lasers on tissues (12,14).
Evidence suggests that laser irradiation can enhance the
resistance of both dentin and enamel to demineraliza-
tion, making them less susceptible to caries formation
(13-15). Additionally, the application of lasers modifies
the structure of the dentin surface, which can reduce the
solubility of minerals and increase resistance to mineral
loss due to acidic challenges in the oral cavity (16).
When lasers are applied, the temperature of the dental
surface increases. This thermal rise decreases the dis-
solution of hydroxyapatite crystals (17). Incomplete de-
gradation of the organic matrix of enamel during laser
irradiation blocks intra- and inter-prismatic spaces, pre-
venting the spread of acids into the inner layers of the
enamel and slowing down the demineralization process
(17). In dentin, the application of high energy densities
has been shown to inhibit demineralization by stimula-
ting the formation of recrystallization zones, as well as
the fusion and melting of the tissue (13). The use of la-
sers has the potential to induce dentin recrystallization,
resulting in dentin with a higher degree of crystallinity.
This structural modification causes dentin to resemble
the crystalline structure of hydroxyapatite found in heal-
thy enamel (18).

The Er,Cr laser has demonstrated effectiveness in some
studies due to its high absorption at the wavelength of
2.78 pum in water and hydroxyapatite, which are key
components of dental tissue. Irradiation with the erbium
laser promotes the selective removal of water and de-
proteinization of dentin, facilitating recrystallization and
increasing the size of hydroxyapatite crystals (19).

In contrast, diode lasers offer several significant ad-
vantages. Firstly, their compact size allows for easy
integration into dental office without requiring major
adjustments to the physical space. Additionally, compa-
red to other types of dental lasers, diodes are relatively
inexpensive, making them an accessible option for many
dental professionals (20). The mechanism of action of
diode lasers primarily occurs through a photothermal
process. When applied to the surface of the dental root,
the heat generated can eliminate existing bacteria, the-
reby reducing the risk of root caries. This mechanism
also stimulates mineral deposition, promoting the remi-
neralization of demineralized areas. These characteris-
tics provide a less invasive and potentially more effecti-
ve approach compared to traditional methods (21).
Given the increasing prevalence of root caries, it is es-
sential to evaluate the efficacy of Er, Cr laser, and 980
nm diode laser, both alone and in combination with fluo-
rides, compared to conventional methods. This study
aims to elucidate the effects of these treatments on root
dentin microhardness, providing robust information to
improve therapeutic and clinical strategies for the pre-
vention and control of caries disease.

A detailed analysis of these methods may offer new pers-
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pectives for developing more effective and less invasive
approaches to managing root caries. The hypothesis of
the present study was that preventive treatments with Er,
Cr: YSGG, and 980nm Diode laser irradiation associa-
ted or not with fluoride would result in significant diffe-
rences in the longitudinal microhardness of bovine root
dentin under cariogenic conditions.

Material and Methods

1. Experimental design

The factors under study were the preventive treatment
methods (2% fluoride gel, Er,Cr:YSGG laser irradia-
tion, 980 nm diode laser irradiation and 2% fluoride gel
combined with laser) and the cariogenic challenge. Ac-
cording to the preventive treatment performed, the ex-
periment sample had 80 test specimens divided into 8
groups.

This study used a randomized complete block design,
with each experimental group repeated per block. The
quantitative response variable was the longitudinal mi-
crohardness of the dentin (in %).

2. Selection of teeth

After receiving approval from the ethics committee for
animal experimentation at the University of Uberaba
(protocol 008/2023), eigthy bovine central incisors were
selected for this study (22). The bovine teeth were clea-
ned using periodontal curettes, and any remaining debris
was removed with a Moto Esmeril (Tramontina 6” bi-
volt 368W) equipped with a circular steel brush (0.3mm
wire), ensuring the complete removal of the cementum
layer. The teeth were then thoroughly rinsed and stored
in distilled water at 4°C, with the water being changed
weekly (15).

3. Preparation of specimens

The dental roots were carefully separated from the
crowns 1| mm from the enamel-cement junction using
a diamond disc with water cooling, attached to a cutting
machine. A second cut was made with a precision cu-
tting machine, sectioning the roots in a cervical-apical
direction, resulting in specimens measuring 4.5 mm. A
third cut on the precision machine produced two halves:
one mesial and one distal. Each specimen was then po-
lished on a metallographic polisher (APL) using #360
water sandpaper, resulting in standardized blocks me-
asuring 4.25 mm x 4.25 mm x 3.00 mm thick, with a
surface area of approximately 18.0 mm? (9 mm? for the
experimental area and 9 mm? for the control area). A va-
riation of 5% in

To identify the experimental and control areas, a hole
was drilled with a spherical diamond tip (FG 1013) on
the lateral face of the experimental area of all specimens.
The experimental face was then covered with insulating
tape, while the control area and other faces were sealed
with a double layer of red nail polish. After the nail po-
lish dried, a layer of sticky sculpting wax was applied
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to all faces except the experimental half. The insulating
tape was subsequently removed, exposing one dentin
face for treatment and irradiation. The specimens were
stored in distilled water at 4°C until the preventive treat-
ments were performed.

3. Specimen treatment/experimental groups (n=10)

The specimens were divided into 8 groups the according
to the treatment, as follows: NT: no treatment (negati-
ve control); FG: Fluoride gel (2%NaF); Er, Cr: Er, Cr:
YSGG; Er, Cr+FG; FG+ Er, Cr; Di: 980 nm diode laser;
Di+FG and FG+Di.

Application methods for each treatment:

- Fluoride Gel: A 2% neutral fluoride gel was applied to
the dentin surface using a microbrush and left for 4 mi-
nutes. After this time, the excess gel was removed with
gauze

-Laser Parameters: The following varying factors were
taken into consideration: wavelength, power, emission
mode, repetition rate, thickness of the optical fiber, dis-
tance between the laser output lens and the target tissue,
total irradiation time on the surface of each specimen,
and the presence or absence of cooling during irradia-
tion, as described in Tables 1 and 2.

Table 1: Irradiation parameters of the Er, Cr: YSGG laser.

Irradiation Parameters Er, Cr:YSGG
Power 0,25W
Repetition Rate 5,0Hz
Energy Density 4,46]/cm?
Irradiation time 10 seconds

Mode Surface Scanning
Target Distance 1 mm from target tissue
Air/Water No water cooling

Table 2: Irradiation parameters of the Diode laser -980nm.

Irradiation Parameters Diode-980nm

Power 2,0W
Repetion rate 2,0Hz
Energy Density 21,41)/cm?
Irradiation time 10 seconds

Mode

Target Distance

Surface scanning

Direct contact with target
tissue

Air/Water

No water cooling and no air

Water cooling was not used to avoid compromising the
treatment, as water could cause ablation (13-15). During
irradiation, only the irradiated group and the groups that
received the Er, Cr laser before the gel were exposed to
55% air. In the groups where irradiation occurred simul-
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taneously with the applied gel, the air/water system was
turned off to prevent the removal of the gel fluoride.

4. Cariogenic Challenge (pH Cycling)

The samples from each group were subjected to pH cy-
cling to simulate a situation of extremely high caries
risk. Each group, containing the samples, was stored in
its respective plastic container, where demineralizing
(DES) and remineralizing (RE) solutions were added
and replaced. A volume of 50 mL of the demineralizing
solution (2 mmol/L calcium, 2 mmol/L phosphate, and
75 mmol/L acetate at pH 4.6) was placed in the corres-
ponding containers, and the samples were immersed for
6 hours.

Afterward, the samples were removed, thoroughly rin-
sed with distilled water for 10 seconds, and gently dried
with gauze. The containers were also washed and dried.
Next, a volume of 50 mL of the remineralizing solu-
tion (1.5 mmol/L calcium, 0.9 mmol/L phosphate, 150
mmol/L potassium chloride, and 20 mmol/L cacodylate
buffer at pH 7.0) was placed in the corresponding con-
tainers, and the samples were immersed for 18 hours.
The remineralizing solution has a mineral saturation le-
vel similar to that of saliva.

The demineralizing (DES) and remineralizing (RE) so-
lutions were replaced daily, and the cycling continued
for 15 days. After 5 days, the samples were individually
immersed in the remineralizing solution for 2 days (over
the weekend), resulting in a total experimental period of
14 days. Throughout this time, the samples were stored
in an incubator at 37°C.

5. Analysis of Longitudinal Knoop Microhardness

The specimens were included in polyester resin and sec-
tioned crosswise. After the polishing of these surfaces
with silicon carbide (#600 and #1200) and felt disk with
alumina, control and experimental area were evalua-
ted, using aload of 30gf by 30s at the following depths:
30um, 60pum and 250 um (Shimadzu HMV 2000, Shi-
madzu Corporation Kyoto, Japan). For each depth, three
measurements were taken, with an approximate distance
of 500 um between them.

Influence of Er, Cr and Diode-980nm lasers on root dentin after cariogenic challenge

6. Statistical Analysis

In the present study, the sample size was calculated con-
sidering a significance level of 5% and the power of the
statistical test of at least 85%, thus minimizing the chan-
ces of type I and type II errors, respectively.

The percentage values of microhardness (%) were sub-
jected to the non-parametric Kruskal-Wallis statistical
test, followed by Dunn’s post-test.

Results

The data obtained for microhardness are described in
Table 3. The penetrations carried out to analyze micro-
hardness at depths of 30 pm,60 um and 250 um are re-
presented in Figure 1.

At a penetration depth of 30 um, the groups Er, Cr; FG
+ Er, Cr; Di; Di + FG and FG + Di did not show statisti-
cally significant differences among themselves (p>0.05)
regarding microhardness. In contrast, the FG and NT
groups exhibited a greater reduction in microhardness.
At a depth of 60 pm, the groups Er, Cr; Er, Cr + FG; FG
+ Er, Cr; Di; Di+ FG; FG+ Di; and FG did not demons-
trate statistically significant differences among themsel-
ves (p>0.05) concerning microhardness. However, the
NT group showed a greater reduction in microhardness,
which was statistically different from the other groups
(p<0.05).

At a depth of 250 pum, all groups did not exhibit statisti-
cally significant differences among themselves (p>0.05).

Discussion

Caries prevention, especially on root dentin surfaces,
has become a research focus due to its increasing pre-
valence in elderly populations. Therefore, it is crucial
to evaluate the efficacy of Er, Cr laser, and 980 nm dio-
de laser, individually and in combination with fluoride,
compared to conventional methods. A detailed analysis
of these methods may offer new insights for developing
more effective and less invasive approaches for mana-
ging root caries. The hypothesisof this study was con-
firmed, as the results indicated a significant difference

Table 3: Percentage reduction of microhardness in the groups, Comparing the Experimental Area (EA) and
the Control Area (CA) within each group. ((EA-CA)/CA).

Groups Treatments 30 pm 60 pm 250 pm
NT No treatment 51,9¢ 20,8° 3,12
FG Fluoride Gel 35,7° 10,22 2,5°
Er,Cr Er,Cr:-YSGG Laser 15,12 8,6 2,18
Er,Cr+FG Er,Cr + Fluoride Gel 15,6° 8,5° 2,02
FG+Er,Cr Fluoride Gel + Er,Cr:YSGG 13,57 7,8% 2,0°
Di Diode-980nm 16,0° 9,1 2,32
Di+FG Diode-980nm + Fluoride Gel 15,92 9,38 2,48
FG+Di Fluoride Gel + Diodo-980nm 14,7 8,82 2,12

Equal letters indicate statistical similarity between groups (p>0.05).
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Fig. 1: Illustrative image of dentin tissue after micro-
hardness analysis, at depths of 30 pm,60 pm,250 pm.

in preventive efficacy against caries between the use of
lasers alone and combination with fluoride.

The results of this study suggest that laser treatments,
both the 980 nm diode and Er,Cr lasers, whether used
in conjunction with fluoride gel or not, were effective
in reducing the loss of microhardness of root dentin at
all analyzed depths (30 um, 60 um, 250 pm), except for
the isolated application of fluoride gel, which showed
significant differences at a depth of 30 um. At a depth
of 60 um, only the untreated group exhibited an increase
in the loss of microhardness. At the 250 pm penetration
depth, there were no statistical differences between the
groups (p > 0.05). This variation in results at different
depths occurs because the acid does not penetrate dee-
ply, resulting in greater demineralization at the 30 pm
level.

The choice bovine teeth was made due to their greater
standardization. They were based on previous studies in
which tests were performed that demonstrated that hu-
man and bovine dentin substrates had similar morpho-
logy (22), an was obtained from elemental analysis that
human enamel and dentin were more similar to bovine
teeth. Therefore, based on their chemical composition,
bovine teeth should be the first choice as a substitute for
human teeth in research.

However, in another study (23), a different result was
observed: the surface hardness of dentin significantly
decreased after the application of Er, Cr and Er lasers,
showing significant differences between the experimen-
tal groups. The subsequent cariogenic challenge perfor-
med in that study likely intensified the decrease in mi-
crohardness. Furthermore, the parameters used for the
Er, Cr laser were 3.5 W of power with 70% water and
60% air, unlike the present study, which utilized 0.24 W
of power and no water cooling to avoid compromising
the preventive treatment, as the presence of water can
cause ablation of the dentin tissue (13-15).
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Moreover, a study by Geraldo-Martins et al. (2014) de-
monstrated that the association of Er, Cr laser and fluo-
ride can increase the acid resistance of human root den-
tin when irradiation is performed without water cooling
(24). Samples irradiated with 0.25 W and 0.50 W wi-
thout water cooling, followed by the application of 2%
NaF, showed surfaces that were more resistant to acids.
This effect was observed at depths of 30 and 60 pm, with
no statistically significant differences at depths of 90 and
120 pm, similar to the present study. The lack of water
cooling may lead to an increase in surface temperature,
promoting effects similar to those in enamel, where ele-
vated temperatures cause changes in the chemical struc-
ture, making it a less soluble material (25).
Furthermore, similar results to those of this study were
documented. Lepri et al. (2022) found that the Er laser
can safely increase the acid resistance of human root
dentin surfaces (14). This significant increase in surface
hardness occurs without causing charring or cracks in
the dental structure, indicating that erbium laser treat-
ment is effective in caries prevention and improves the
integrity of root dentin. Additionally, the combination of
2% NaF application with laser irradiation did not show
a synergistic effect on increasing acid resistance. This is
consistent with the present study, which found no sta-
tistical differences between the application of the laser
alone and its use in conjunction with fluoride.
Regarding the 980 nm diode laser, it was found that irra-
diation with this type of laser can modify the chemical
composition of dentin, increasing its resistance to acid
demineralization. When applied to the root dental sur-
face, a photothermal effect occurs; the heat generated
by the laser can eliminate existing bacteria, significantly
reducing the risk of root caries. Moreover, it promotes
mineral deposition, facilitating the remineralization of
demineralized areas. These characteristics make laser
treatment a less invasive and potentially more effective
approach compared to traditional methods (21).

In a study involving the 980 nm diode laser, it was su-
ggested that the laser may form a less acid-soluble la-
yer of dentin, contributing to protection against caries
(26). Furthermore, research conducted by Viapiana et
al. (2012) revealed that the microhardness of groups
irradiated with the 980 nm diode laser was significantly
greater compared to the non-irradiated group, particular-
ly at depths of 150 pm and 300 um (27). This contrasts
with the present study, which showed more satisfactory
results at depths of 30 and 60 um. This discrepancy li-
kely occurred due to the short duration of the acid cha-
llenge, which did not allow the demineralizing solution
to penetrate the deeper layers of root dentin (90 and 250
um). However, these results indicate that the 980 nm
diode laser can strengthen the resistance of root dentin,
making it less susceptible to demineralization and rein-
forcing the dental structure.
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Regarding fluoride gel, the study by Byeon, Lee, and
Bae (2016) demonstrated that fluoride gel showed some
benefit when combined with other fluoride sources in
dentin (28). However, it was noted that a higher concen-
tration of fluoride was needed to inhibit demineraliza-
tion and promote remineralization compared to enamel.
In the present study, the use of fluoride gel was effecti-
ve in protecting dentin tissue; however, the best results
were achieved when combined with laser treatment or
when the laser was applied alone. This effectiveness is
attributed to the laser’s effect; the application of high
energy densities stimulates the formation of recrysta-
llization zones, melting, and fusion of the tissue (13),
leading to a more effective incorporation of fluoride into
dental tissue.

Vale et al. (2010) demonstrated that the use of fluori-
de gel alone is insufficient to protect the root surface
against the attack of acidogenic bactéria (29). Acidoge-
nic bacteria are microorganisms that produce acids as
a byproduct of fermentable carbohydrate metabolism,
leading to the demineralization of dental tissue. Fluoride
in gel form may not adequately neutralize these acids or
strengthen the structure of root dentin, leaving it vulne-
rable to dental caries. Indeed, the results of the present
study indicated a greater percentage of microhardness
loss with the application of fluoride gel alone.

A study involving the use of lasers in combination with
fluorides also yielded promising results. One research
found that the combination of fluoride varnish with the
980nm diode laser and the Er, Cr laser resulted in the
lowest values of surface roughness and volume loss
compared to other analyzed groups (17). This demons-
trates that the synergism between the laser and fluoride
can significantly enhance the acid resistance of human
dentin, promoting morphological changes in the dentin
structure, making it more similar to enamel, less soluble,
and more resistant to acid challenges.

These findings reinforce the importance of using lasers
as effective tools in caries prevention, especially on root
dentin surfaces. The ability of the 980 nm diode and Er,
Cr lasers, whether used alone or in combination with
fluoride, to reduce the percentage of microhardness loss
in dentin suggests that they can be effectively integrated
into preventive protocols, offering a less invasive and
potentially more effective alternative to traditional me-
thods.

The limitations of this study were: lack of different si-
tuations that teeth are subjected to in the oral cavity,
such as changes in temperature and pH, factors related
to saliva and ion release between dental substrates, in
addition to the absence of microorganisms and use of
bovine tooth (10,11,15,22).

Further studies are needed to evaluate physical-mecha-
nical properties such as adhesion to the irradiated subs-
trate, surface morphology of dentin, analysis of decayed
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tissue by microor-ganisms, and alternative parameters of
the lasers used in this study, as well as clinical studies
and long-term effects.

In the face of the results found in this study, the clini-
cians should advise his patients on the importance of
existing preventive methods for caries and their benefits,
given that deminera-lization promotes the reduction of
tooth hardness or that it is prejudicial to the maintenance
of dental structures and of the non-general odontological
procedures.

Conclusions

Considering the limitations of an in vitro study, this re-
search demonstrated the efficacy of irradiation with Er,
Cr laser, and 980 nm diode laser, used or not in associa-
tion with fluoride application, in reducing the percentage
of microhardness loss in root dentin. However, clinical
studies are needed to evaluate the treatments tested and
investigate alternative laser protocols for promising fin-
dings.
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