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Abstract Increasing rates of non-carious cervical lesions
due to dental erosion, exposure of dentinal tubules, and
hypersensitivity to environmental stimuli have led to the
development of new prevention strategies. This study
evaluated the effects of a low-intensity diode laser
(λ = 808 nm) on the dentinal chemical composition and
prevention of demineralization. In addition, the study
monitored temperature changes during the course of
irradiation. Forty dentin specimens were randomly
allocated into four groups (n = 10): G1 – No treatment
(control), G2 – irradiated with 15 J/cm2, G3 – irradiated
with 30 J/cm2, and G4 – irradiated with 60 J/cm2. Each
specimen was partially covered with nail varnish, treated

according to the group irradiation levels, and exposed to
an erosive challenge (1.0 M hydrochloric acid) for 5 min.
Afterwards, dentin loss was profilometrically analyzed and
examined by scanning electron microscopy (SEM) com-
bined with energy dispersive X-ray (EDX). Intrapulpal
temperatures were measured during the dentin irradiation.
One-way ANOVA and Tukey tests (p < 0.05) were
performed to assess differences. For all irradiated groups,
intrapulpal temperature changes were less than 3°C. The
G2 group showed statistically significant differences when
compared to the other groups, representing the lowest
temperature increase. A quantitative element analysis via
EDX did not significantly differ (p < 0.05) for Ca, P, F, O,
or C between the four groups when measured after
irradiation/erosion. The mean wear rates (± SD, μm) were
35.66 ± 7.28; 40.70 ± 5.03; 38.17 ± 10.81 and 25.25 ±
6.87 for G1–G4, respectively. The G4 group statistically
differed from all other groups representing the lowest wear
rate. These results suggest that dentin irradiation, using a
diode laser with levels set at 60 J/cm2, may induce
inhibitory effects on root dentin demineralization without
causing any harmful thermal effects. However, the exact
mechanism of the action of the laser remains unclear.
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Introduction

Various lifestyle changes and the advent of new dietary
habits may be related to the increased loss of hard dental
substrates by corrosive processes for many individuals
today [1, 2]. The higher consumption of foods, drinks, and
medicines with dental demineralizing properties, as well as
the prevalence of chronic conditions such as gastroesoph-
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ageal reflux disease [3] and feeding disorders as bulimia
and anorexia [4] have all contributed to a higher incidence
of non-carious lesions. Dental erosion involves a multifac-
torial pathogenesis where chemical, biological, and behav-
ioral factors are related to the outcome, which is
progressive and irreversible demineralization of the outer
layer of the dental tissues [5, 6].

Severe corrosive injuries may affect not only the enamel
surface but can also lead to the exhibition of the coronary or
root dentin [7]. Demineralization in dentin occurs much
more quickly than in enamel because the former has a
lower mineral content [8]. An aging population [9, 10],
coupled with cumulative damages from years of exposure
to both mechanical and environmental factors (e.g.,
gingival recession, abrasion, abfraction, and erosion) that
lead to the loss of enamel and/or cementum, has led to an
increased incidence of dentinal sensitivity due to the
exposure of dentinal tubules [11–13].

Because the prevalence of dental erosion has been
increasing, appropriate diagnostic methods and approaches
to control this pathogeneses are important [1, 14–16].
Preventive strategies for dental erosion include dietetic
advising, stimulation of salivary flow, optimization of fluoride
regimes, modification of erosive drinks, and appropriate
approaches to oral hygiene. All of these strategies aim to
minimize the demineralization resulting from the action of
non-bacterial acids [17–19]. However, controlling all etio-
logical factors related to dental erosion is difficult because
most of them are dependent on patient compliance. Thus,
other strategies, such as laser treatment, have been developed
to prevent or arrest dentin erosion and, consequently,
hypersensitivity [20].

Several studies have demonstrated that high-power laser
irradiation (Nd:YAG, argon, CO2, and Er:YAG) may reduce
the progression of the demineralization process. However,
despite this beneficial effect, such lasers may also cause
undesirable thermal alterations [21, 22] and are often also
more expensive and less accessible.

In the search for alternatives to protect dental tissues
from constant exposure to high acidity, researchers have
shown that the use of the diode lasers at wavelengths in the
visible and near-infrared regions may lead to an increase in
the resistance of teeth against demineralization [22, 23].
The effects of diode laser irradiation in mineralized dental
tissues have not been explored in depth, whereas more
emphasis has been placed on investigating the caries-
preventive effects of high-intensity lasers used in clinical
dentistry settings.

Therefore, the aim of the present in vitro study is to
investigate the effects of a low-intensity diode laser on
dentin demineralization and chemical composition, as well
as the possible temperature changes during the laser
treatment.

Materials and methods

Experimental design and specimen preparation

The Research and Ethics Committee of the Federal
University of Ceará Medical School (Process # 143/2009)
approved the collection and use of extracted human teeth
for all of the experiments conducted in this in vitro study.
Initially, 60 extracted human third molars that had more
than two-thirds of the formed roots stored in 0.01% (w/v)
thymol solution at 4°C were used.

Forty dentin slabs (4×4×2 mm) were cut from 60 roots
using water-cooled diamond saw disks (Extec Corp.,
Enfield, CT, USA) and a cutting machine (IsoMet Low
Speed Saw, Buehler, Lake Bluff, IL, USA). Next, the slabs
were embedded in Pre-30 self-polymerized acrylic resin
cylinders to facilitate handling (Arotec S.A. Indústria e
Comércio, Cotia, SP, Brazil), serially flattened with water-
cooled abrasive discs (320, 600, and 1,200-grit Al2O3

papers; Buehler), and polished with felt paper and diamond
spray (1 μm; Buehler). This procedure resulted in the
removal of a layer of dentin about 200 μm in depth.

The surface microhardness was determined by performing
five indentations (Knoop diamond, 25 g, 5 s, FM100, Future
Tech, Tokyo, Japan) in the center of the dentin surface, for
selection and randomized distribution purposes. Dentin slabs
with microhardness values ranging from 53–65 Knoop
hardness number (KHN) (59.15 ± 5.91 KHN) were randomly
assigned according to a computer-generated randomization
list [24] into the following four groups (n = 10): (1) control,
(2) laser treatment with 15 J/cm2, (3) laser treatment with
30 J/cm2, and (4) laser treatment with 60 J/cm2.

To provide matched pairs, each slab was then divided
into two halves. One half of each specimen served as the
test surface for laser irradiation. The other half of each
specimen was covered with an acid-resistant varnish in a
dark color (Colorama, CEIL Coml. Exp. Ind. Ltd., São
Paulo, SP, Brazil) and was not treated any further. The
application of the acid-resistant varnish was performed not
only over one-half of the exposed area of each slab but also
over the surrounding acrylic resin. This procedure enabled
the removal of the whole varnish layer without affecting the
dentin surface control area, as the beginning of the removal
procedure was carried out in the acrylic resin with the
application of light pressure using a scalpel blade.

The specimens were stored in humid conditions through-
out the study to prevent the dentin surface from drying.

Pellicle formation

Whole saliva was collected 1 h after breakfast from 20 healthy
volunteers. The subjects chewed paraffin wax for 5 min to
stimulate saliva secretion. Next, the saliva from the first
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minute of chewing was swallowed while the rest was
collected and subsequently introduced into centrifuge tubes
[25]. The saliva samples were then centrifuged for 10 min at
2,000 rpm in a pre-cooled centrifuge (4°C) (MPW Med-
Instruments, MPW-350R, Warsaw, Poland) and filtered by a
vacuumed filtration device (0.45 Stericup Express, Millipore,
Billerica, MA, USA). The clear fluid located above the
sediments was pooled and used for pellicle formation [26].
Each slab group was immersed independently in clarified
saliva (30 ml per group) and incubated under agitation at 100
rpm for 24 h at room temperature (24 ± 1°C) prior to the
laser treatment.

Laser treatment

The samples from groups 2, 3, and 4 were irradiated with a
low-level gallium-aluminum-arsenide (GaAlAs) diode laser
'Whiteness lase II' (DMC, São Carlos, SP, Brazil) at a
wavelength of 808 nm in the infrared spectrum. This laser
consisted of a class 3B system with a continuous wave and
an adjustable output energy ranging from 30 to 100 mW
and a spot size of 0.6 mm. A power meter 'Lasermate'
(Coherent Inc, Santa Clara, CA, USA) was used to measure
the maximum output power.

To promote an area of radiation that included the whole
surface of the selected area, the laser probe was held
perpendicular to the tooth surface (Fig. 1). Energy densities
of 15 J/cm2 and higher were used for each treatment, since
this energy density was shown to be optimal in a previous
study [22]. Therefore, the average energy densities were
calculated to be 15, 30, and 60 J/cm2. Using the output
power of 100 mW, the necessary exposure times in order to
reach the chosen densities were calculated according the
following formula: density of energy ¼ power Wð Þ x time sð Þ=
Area cm2ð Þ.

Erosive challenge

Over the surface of each sample, 5 μl of 1.0 M hydro-
chloric acid (Synth, Diadema, SP, Brazil) was statically

applied for 5 min [22]. This procedure simulates an acid
challenge, representing the normal values similar to the
conditions of gastric reflux (gastric secretions pH < 4)
[27].

Subsequently, all of the specimens were rinsed with
deionized water and dried with absorbent paper. The
varnish was carefully removed using acetone and a
scalpel blade without touching the dentin surface [20].
The specimens were then analyzed by mechanical
profilometry.

Profilometry

The levels of dentin wear were determined in relation to the
reference surfaces (covered by the nail varnish), using a
profilometer Hommel Tester T1000 (Hommelwerke GmbH,
Germany). At intervals of 100 μm, five profile traces (1.5
mm in length) were recorded for each specimen. These
profilometric traces were taken by moving the stylus from
the reference surface to the exposed surface. For each
sample, the mean values obtained from the five traces were
calculated.

Energy dispersive X-ray (EDX) spectrometry

Three dentin samples from each group were selected for
this analysis. This technique was used to detect alterations
in the distribution of principal elements present in the
sample. The specimens from each group were mounted on
aluminum stubs that were coated with carbon. Five points
in each surface were randomly selected around the surface
area. Normalized high-resolution spectra of the main
elements’ concentration in weight % were performed and
later calculated by an energy-dispersive X-ray spectrom-
eter (EDX), using the backscattered electron detector
attached to a scanning electron microscope TESCAN
SEM (Model VEGA II\XMU, Brno, Czech Republic)
operating at 30 kV. Data acquisition and analysis were
performed using Quantax 800 software (Bruker AXS,
Karlsruhe, Germany).

Fig. 1 A schematic diagram illustrating the experimental setup during irradiation and temperature measurements
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Temperature measurements

For this analysis, one 1-mm cylindrical preparation was
made using a #4 steel-spherical drill (Maillefer, Ballaigues,
Switzerland) in a low-speed hand piece on the inferior
surface of the acrylic resin cylinder, where each dentin slab
was inserted. The preparation was extended until the dentin
slab was reached in order to allow contact between the
thermocouple and the dentin slab [28]. One K-type
thermocouple (wire diameter of 0.25 mm) was coupled to
a digital portable thermometer (model MT 600, Minipa,
São Paulo, Brazil) with a resolution of 0.1°C, basic
precision of 0.1 ± 0.7%, and the capacity to measure
temperatures ranging from 0.1 to 200°C. Additionally, a
thermally conductive paste (Implastec, Votoratim, São
Paulo, Brazil) was used to attach the thermocouple to the
slab maintaining thermal contact with the internal surface of
the slab [29].

During irradiation, the samples were positioned over a
device to assure that they were submerged in a water bath
(37 ± 0.1°C) during the testing procedures (Fig. 1). This
method effectively stabilized the internal baseline temper-
ature at 37°C. This also minimized the effects of ambient
temperature changes and provided a consistent initial
temperature for each data set [29, 30]. The thermocouple
wire was connected to a data logger (Temp Monitor
Software Minipa, SP, Brazil) and the mean of the differ-
ences between the baseline and the highest temperature was
calculated for each specimen (ΔT parameter) and for each
group.

Statistical analysis

Mean values of wear per group, ΔT, and elemental
concentration were calculated. To assess the effectiveness
of the treatments, the dependent variables were analyzed;
the assumptions of equality of variances (Levene's test) and
normal distribution of errors (Shapiro Wilk test) were
verified. Profilometry and ΔT data were analyzed by one-
way ANOVA followed by a Tukey-Kramer test. Data
measuring element concentration in normalized wt% were
subjected to a paired t test because each group’s reference
surfaces were compared to the irradiated surfaces. The
significance level was set at 5%. The software program
BioStat 2007 Professional (Analyst Soft Robust business
solutions company, Vancouver, British Columbia, Canada)
was used.

Results

The diode laser treatment at 60 J/cm2 (G4) significantly
reduced dentin loss (p <0.05) when compared to the control

(G1) and the other irradiated groups (G2 and G3). In
contrast, significant differences for groups G2 and G3
were not identified when compared to the control group,
and they did not significantly differ from each other
(Fig. 2).

In the EDX analysis, the primary elements observed in the
analysis of dentin were calcium (Ca), phosphorus (P), oxygen
(O), and carbon (C). Minor quantities of other elements were
also detected but were not considered in the present study. The
Ca, P, O, and C wt% detected in the samples are summarized
in Table 1. A quantitative element analysis revealed no
statistically significant differences in Ca, P, C, and O content
between the reference and irradiated halves of the specimens
in any groups (p > 0.05). Thus, a representative change in
structural composition is unlikely.

Figure 3 presents ΔT results according to the groups.
Group G4 (60 J/cm2) had the highest ΔT value, which was
statistically different from G2 (15 J/cm2), but similar to G3
(30 J/cm2). The lowest ΔT value was found for group G2,
which did not show a statistically significant difference
from group G3.

Discussion

In this study, the effectiveness of the low-power infrared laser
(LPIRL) in preventing dentin erosion was investigated. We
compared the use of LPIRL alone, at three different energy
densities. Some degree of protection against erosive chal-
lenges was found for the group lased with 60 J/cm2.

Although high-power lasers may significantly increase
the acid resistance of enamel [21, 31, 32], similar effects
have not been observed on dentin, potentially minimizing
its use as a strategy to control dental erosion [33]. In
addition, due to their inherent cost of instrumentation, high-
power lasers are not yet widely employed in routine
dentistry, especially in developing countries. Consequently,

Fig. 2 Mean values of wear (μm) and standard deviation. Different
letters denote statistically significant differences by Tukey–Kramer test
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low-power red and near-infrared lasers (such as the 808-nm
diode laser) appear to be alternative approaches, because
reports in literature suggest that their application can
possibly induce modification of the organic matrix content
of enamel, which may then lead to an increased resistance
against demineralization. This is particularly important
when considering that maintenance of the organic matrix
in the dentin lesion might be important in reducing the rate
of erosive progression [34]. Another important point to
consider is the weight composition of dentin, which is 70%
mineral hydroxyl apatite, 20% organic material, and 10%
water. This is different from enamel, which consists of 96%
mineral with water and organic material composing the
remainder [35].

Only a few studies have investigated the effects of diode
lasers on acid resistance, either with or without a fluoride
varnish [22]. Indeed, to the best of our knowledge, there
have been no studies involving the use of low-level lasers
to irradiate dentin as a protective mechanism against
erosive challenge to dental tissues. Accordingly, our results
are not directly comparable to other available studies.
However, one may speculate that the interaction between
laser energy and dentin may have caused protein denatur-
ation, which can result in the blockage of the diffusion
pathway in dentin, a process similar to that in dental enamel

irradiated by high-power lasers [36]. Indeed, the consoli-
dation of the protein component of the organic matrix after
denaturation might have produced a significant reduction in
the crystal surface area that is made available to acid
decalcification [37]. It should be emphasized that no dose-
response was observed with the laser application because
higher wear values were found for groups G2 and G3 when
compared to the control group. It is possible that, in these
groups, the power density threshold needed to induce
changes on dentin was not reached.

With regard to the EDX results, the lower Ca and P
contents after treatment confirm the profilometric results,
which showed loss of dentin tissue after acid challenge
caused by particularly aggressive demineralization, when
compared to those contents found in the control halves of
the specimens. However, even with lower decreases in Ca
and P percentages for irradiated groups when compared to
controls, these losses were detected only by profilometry
analysis when dentin was irradiated with 60 J/cm.

2 This
may be partially explained by the great variability found in
EDX results even in the control halves of the specimens.
Thus, it can be suggested that EDX may be a useful tool for
selecting specimens with standard concentrations of chem-
ical constituents. Nevertheless, the information obtained by
EDX involves only the presence of entrapped molecular
elements and is unable to show molecular characteristics.
Specifically, it is unable to recognize different mineral
phases or discriminate between the same minerals of
various origins. Consequently, since the same chemical
elements are present in both the irradiated and unirradiated
enamel samples, this technique might not have been the
most appropriate strategy for detecting changes caused by
laser irradiation. As such, these assumptions should be
confirmed by additional research [38] using another
analysis such as Raman spectroscopy.

When using lasers in vivo, the thermal effects on pulpal
tissues are a cause of concern. Low-power lasers are
advantageous for having a lower possibility of promoting
thermal damages to the dental tissue when compared to
higher-powered lasers. According to the present study, even
when the laser was used at 60 J/cm2 (the highest energy

Fig. 3 Mean temperature changes (ΔT) and standard deviations in the
samples, according to the applied energy density. * Distinct lowercase
letters denote statistical differences among the groups (p < 0.05)

Table 1 Elemental concentrations (mean values and standard deviation in wt%) of different elements on the dentin surfaces, as measured by
quantitative energy dispersive X-ray analysis

Groups Ca (% atomic ) P (% atomic ) O (% atomic) C (% atomic)

Reference Eroded Reference Eroded Reference Eroded Reference Eroded

G1 40.08 ± 0.84 0.38 ± 0.02 21.99 ± 6.99 1.36 ± 0.35 50.00 ± 18.24 49.49 ± 11.47 6.76 ± 4.78 23.17 ± 9.70

G2 25.45 ± 7.16 16.20 ± 8.28 14.17 ± 2.65 9.16 ± 4.83 51.67 ± 11.04 51.97 ± 7.72 1.96 ± 1.03 11.64 ± 12.30

G3 28.43 ± 8.46 7.36 ± 8.69 17.50 ± 2.50 5.49 ± 6.53 51.74 ± 25.64 53.00 ± 9.84 6.64 ± 1.15 34.33 ± 3.66

G4 22.81 ± 21.87 11.34 ± 18.99 13.62 ±10.24 6.82 ± 10.85 48.54 ± 8.23 59.14 ± 4.13 2.00 ± 0.92 34.00 ± 0.60
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density applied), temperature increases of less than 3°C were
found, which is considered a temperature threshold capable
of causing reversible inflammatory responses within the
pulp, based on previous studies on root dentin [39].

Conclusions

These results suggest that dentin irradiation with a diode
laser operating at 60 J/cm2 may induce inhibitory effects on
root dentin demineralization without causing any harmful
thermal effect, which supports the application of this type
of laser to conservative dentistry. However, the exact
mechanism of the action of the laser remains unclear.
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