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ABSTRACT

This study aimed to evaluate in vitro the influence of the 0.05% NaF combined with Er:YAG laser irradiation to
control dental enamel demineralization. Slabs of bovine enamel (3x3mm) were submitted to cariogenic challenges
by pH-cycling method (5 days). After cycles, slabs were assigned into four groups, according to treatments (n=15):
Placebo; Er:YAG Laser+Placebo; 0.05% NaF and Er:YAG Laser + 0.05% NaF. After surface treatment, new
cariogenic challenges (14 days) were performed following the same protocol. The microhardness analysis was
performed before caries formation and after cariogenic challenges. Data were submitted to analysis of variance
(ANOVA) followed by DUNCAN test, at significance level of 1%. After cariogenic challenges, the placebo group
(128.19 + 6.68) presented the lowest microhardness values. The simultaneous action of Er:YAG laser + NaF
(231.92 + 22.81) promoted the highest values of enamel microhardness, followed by the treatments with Er:YAG
laser (196.45 £ 33.76) and NaF (153.59 + 14.80). The use of NaF combined with the Er: YAG laser may be an

alternative to control the demineralization of enamel exposed to high cariogenic challenge.
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INTRODUCTION

Dental enamel is the most mineralized and hardest tissue
in the human body.™ The oral plaque contents
acidogenic  bacteria that converts  fermentable
carbohydrates to organic acids (lactic, formic, acetic or
propionic), which can diffuse into the enamel, resulting
in a reduction of pH and caries formation. ¥! Caries
progression is a dynamic process in which an imbalance
between the factors that cause demineralization or the
remineralization® will result in the developing of
incipient caries lesions or “white spot”.’! It begins with
the organic acid production and its diffusion through the
enamel causing initial demineralization; dissolving the
mineral crystals with the consequent loss of calcium and
phosphate ions. At this initial stage, if the process is not
reversed, subsurface lesions leading to cavitation will
occur.¥

The control of enamel caries requires a suitable treatment
that is able to remineralize enamel by the diffusion of
minerals into the defective tooth structure avoiding the
progression of cavitation.[” @ The use of fluorides has
been widely used to remineralize the enamel subsurface,
resulting in arrestment or even reversal of caries

Different types and forms of fluoride agents have been
proposed; among them are toothpaste, mouth rinse,
drops, varnish, gel, as well as, the combination of
products.™ The methods for caries prevention
recommended by The World Health Organization
(WHO) include the use of sodium fluorides. The action
mechanism of this element is by reacting with the enamel
and precipitating calcium difluoride (CaF,).***! This
deposits acts like a mechanical protection of the adjacent
enamel surface and like a reservoir of fluoride ions.[**"]
In addition, a wide range of fluoride concentration can be
found, being the most popular form the 0.05% NaF
mouthrinse, sold over the counter without a prescription
necessity."®¥) However, the single use of fluoride
compounds are insufficient for a caries-preventive effect
and control of high caries risk in some individuals (high
bacterial challenge or lack of salivary components), to
overcome this challenge another adjunct methods are
needed.’! Other preventive strategies such as laser
irradiation have been evaluated against enamel
demineralization due to its favorable effect in decreasing
enamel solubility against acid attack.*® The Er:YAG
laser emits light at a wavelength of 2,940 pm and is
mainly absorbed by water present in the dental tissue."!

lesions. ! 1421 The presence of water inside the tissue leads to
evaporation and micro explosions that blast away the
particles of hard tissue, promoting partial
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denaturalization of the matrix and the formation of a
mineral block that blocks acid diffusion.”*?? At
appropriate energy levels, laser irradiation on enamel
promotes an increase in acid resistance, and followed by
the application of topical fluoride compounds, the
fluoride levels increased promoting an anti-cariogenic
effect by reducing the dissolution rate of the enamel
surface through the formation of fluorapatite.®*!

The application of 1% sodium fluoride after Er: YAG
surface irradiation leads to a significantly reduction of
calcium loss.”! In addition, Delbem et al showed that
the acidulated phosphate fluoride gel associated to the
Er:YAG laser promoted a synergistic effect by lowering
the superficial mineral loss when compared to the APF
group.®!

Nevertheless, little is known about the association and
effect of the Er:YAG laser and 0.05% NaF, over control
of dental enamel caries. This study aimed to evaluate in
vitro the influence of the 0.05% NaF combined with
Er:YAG laser irradiation to control dental enamel
demineralization.

MATERIALS AND METHODS

Experimental design

The factors under evaluation were Er:YAG laser
irradiation associated with 0.05% sodium fluoride
treatment to control the progression of carious enamel
lesions. The control group received a placebo solution.
Sixty bovine enamel fragments were randomly divided
into four treatments (n=15): Placebo; ErYAG
Laser+Placebo; 0.05% NaF and Er:YAG Laser+0.05%
NaF. The quantitative response variable was the
subsurface Knoop microhardness (KHN) of the enamel
subjected to cariogenic challenges. The design of the
present study is presented in Figure 1.

‘ 60 Enamel Fragments ‘ 3mm

‘ Initial Cariogenic Challenge (5 days) ‘

’ Surface Treatment ‘

‘ Non- irradiated ‘ ‘

E:YAG laser irradiation
{contral)

(80 mJ / 2H2)

Placebo 0.05% NaF Placebo 0.05% NaF
(14 days) (14 days) (14 days) (14 days)

‘ Cariogenic Challenge Post Surface Treatment ‘

Microhardness Test

Fig. 1: Experimental design

Selection and sample preparation

Bovine incisors freshly extracted were sectioned 2 mm
below the cemento enamel junction in precision cutter
water-cooled (Isomet 1000, Buehler, Lake BIluff, IL,
USA). Subsequently, the crowns of the teeth were
sectioned in mesio-distal direction and in the cervical-

incisal direction resulting in two middle third fragments
(3x3mm).

The fragments were fixed in teflon matrix using melted
wax with the enamel lateral surfaces (subsurfaces) facing
the external environment. The subsurfaces were flattened
and polished with #1200-grift silicon carbide paper in a
water-cooled polishing machine (DP-9U2, Struers A/S,
Copenhagen, Denmark) (Hermes Abrasives Ltd., VA,
USA) and then, 0.3 um alumina paste by felt polisher
(ATM, Altenkirchen, Germany).?®!

Three readings were performed on the subsurfaces 30 um
from de edge and 100 um each other through a
microhardness tester HMV-2000 (Shimadzu Corporation,
Kyoto, Japan) using a diamond indenter for Knoop
hardness under 25g load for 20 seconds.”*?® The
repetitions were performed in order to obtain a sample of
patterned fragments.

The average of the three measurements were averaged
and used as the microhardness of the fragment.
Specimens with microhardness values 20% above or
below the mean were discarded.”¥  Sixty dental
fragments were selected based on Koop harness values.

Initial cariogenic challenge

Artificial cariogenic challenges were performed in all
enamel fragments simulating patients with high caries
activity (microscopic enamel white spot lesions).

The specimens were fixed in teflon matrices with the
buccal surface facing the external environment. The
other surfaces were protected with wax. These matrices
were stored in individual plastic containers and
specimens were cycled for 5 days according to the
protocol proposed by Featherstone et al and modified by
Serra & Cury.B%* In this model, artificial caries lesions
were produced by immersion of fragments in
demineralizing solution (pH 5.0 for 6 hours) and
remineralizing solution (pH 7.0 for 18 hours) at 37°C.

Surface treatment

After the formation of caries lesions, the specimens were
divided into 4 groups (n=15): non irradiated or Er:YAG
laser irradiated (Fidelis Er |Ill, Fotona, Ljubljana,
Slovenia). Treatment was performed by Er:YAG laser in
the MSP mode, using a pen (R02), at noncontact mode,
pulse energy of 80 mJ and frequency of 2Hz, an output
beam diameter of 0.9 mm and under water spray (6
mL/min).

During irradiation, the operator maintained the laser
beam perpendicular to the substrate, and the laser beam
was positioned 4mm from the substrate. After the
irradiation, the specimens were kept in artifical saliva at
37°C.

The 0.05% sodium fluoride manipulated solution (pH
5.5) (Farmacia de Manipulacdo Flor Amarela. J.Blasioli
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— ME.8 Jau-SP) was composed as follows 0.05% Sodium
Fluoride; 0.05% Propiliparabeno; 0.1% Methylparaben
and distilled water. The specimens were immersed in 10
ml of 0.05% of sodium fluoride solution for 1 minute,
one time per day, during 14 consecutive days.F? Then,
specimens were washed in deionized water for 10
seconds and kept in artificial saliva at 37°C.

The placebo solution was manipulated in the same way,
except by the presence of sodium fluoride. The protocol
used was the same mentioned above.

Cariogenic challenge post superficial treatment
Specimens were replaced in plastic containers and pH
cycling was performed in the same way as described
above, however this time, specimens were cycled for 14
days in order to simulate cariogenic severe challenge.

Microhardness test

After cariogenic challenge period, three readings were
performed in the middle of the fragment 30 um from de
edge and 100 um each other. The average of the three
values hardness of each specimen was employed in the
statistical analysis.

Statistical Analysis

Data were subjected to the two -way analysis of variance
(ANOVA) and Duncan test using SPSS 12.0 for
Windows (SPSS Inc., Chicago, IL, USA). The
significance level adopted was 1%.

RESULTS AND DISCUSSION

Table 1 shows the microhardness values according to the
superficial treatments in different experimental groups.
There were evidence of difference among the treatments
(p=0.01). The effect of treatments post-cariogenic
challenges were compared to initial condition (baseline).
There was a decrease of microhardness for placebo and
0.05% NaF-treated group (p>0.01). Meanwhile, for the
groups treated with ErYAG laser or ErYAG
Laser+0.05% NaF, no evidence of difference was found
in relation to the initial values (p>0.01).

After cariogenic challenges, comparing the experimental
groups, the placebo group presented the lowest
microhardness values (p>0.01). The simultaneous action
of Er:YAG Laser+0.05% NaF presented the highest
values of microhardness, being different of the groups
placebo and 0.05% NaF (p<0.01), but similar to the
Er:YAG laser-treated group (p>0.01).

Table 1: Microhardness values (mean and standard error) according to the superficial treatments in different

experimental groups.

Treatments Baseline Post-cariogenic challenges
Placebo 242.56 +7.32°A 128.19 + 6.68%
NaF 0.05% 251.90 + 15.25 153.59 + 14.80%®
Er:YAG 235.73 + 11.41" 196.45 + 33.76°*
Er:YAG + NaF 0.05% 259.91 + 14.36™ 231.92 +22.81A

Different capital letters indicate comparison between baseline and post-cariogenic challenges Different lowercase

letters indicate comparison between treatments

Contemporary incipient caries management includes
different approaches, minimal invasive ones such as
fluoride therapy. However, on cariogenic challenge, the
protocols for its application are not totally effective for
controlling dental caries.®® Therefore, additional
methods for caries control should be applied.*3®!

In the present study, the microhardness was decreased for
those specimens that were not treated or treated only
with 0.05% NaF. Incipient carious lesions are formed due
the prolonged exposure to acidic environment which
promote a substantially drop on the mineral content
occur, leading to a mechanically weak structure that is
vulnerable to permanent damage.*!

Comparing groups after cariogenic challenges, the
placebo group showed the lowest values, followed by
0.05% NaF-treated group. A high-risk cariogenic
challenge was reproduced in this study; therefore, the
time of exposure of the sodium fluoride to the enamel
structure is directly related to better surface resistance to
demineralization by deposition of
fluorohydroxyapatite.! 1t is well known that the CaF,
formation is responsible for the anticariogenic effect of

topical fluoride and its formation is directly related to the
concentration of fluoride applied to enamel.*>%®! These
factors make 0.05% NaF, when used alone, not
appropriate for an anticariogenic and remineralizing role.
The simultaneous action of Er:YAG Laser+0.05% NaF
showed the highest microhardness values between all
treatments, however, no evidence of difference was
found in between the Er:YAG Laser+0.05% NaF and
Er:YAG laser-treated group. The interaction of laser
irradiation with teeth causes impact on biological
constituents of the dental hard tissue.® In that sense, in
order to achieve satisfactory clinical results, it is
important the determination of the appropriate laser
parameters, before tooth irradiation.™*® The most
plausible explanation for the effect of Er:YAG laser on
enamel describes several proposals of mechanisms that
includes structural and chemical changes to explain
laser-induced prevention on enamel demineralization.

When light from the laser is absorbed by specific
components of the dental enamel, is converted directly
into heat. Then, carbonate is released from the heated
enamel and water evaporation occurs, with the
consequent formation of pyrophosphate, which has been
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described as a component more stable and less
soluble.[?25%1 Another theory widely accepted attributes
the effect of acid resistance of the organic matrix and the
interaction with the porous complex, present on
enamel.*] Before the acid promotes dissolution of the
apatite crystal within the enamel, the acid has to diffuse
into the crystal surfaces through the interprismatic and
intercrystalline spaces. During laser irradiation, the
organic matters may block diffusion pathways and seal
the enamel micropores due to partial denaturation.?**?
On the other hand, the little variance of microhardness
values between baseline and after cariogenic challenges
may indicate the presence of a sinergical effect of
fluoride and laser, suggesting that during laser irradiation
the uptake of fluoride is enhanced into the tooth
crystalline structure in the form of firmly bound
fluoride.[*®! This findings are supported by other studies,
which demonstrated high fluoride incorporation after
samples irradiation, promoting beneficial effect on
enamel’s acid resistance.! It has been also observed
lower surface mineral loss®®® and fewer changes on
enamel microhardness”? when the ErYAG laser
combined with another type of fluoride were evaluated.

CONCLUSION

It can be concluded that the use of 0.05% NaF combined
with the Er: YAG laser may be an alternative to control
the demineralization of enamel exposed to high
cariogenic challenge.
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