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A B S T R A C T

Objectives: The present study evaluated the trans-dentinal effect of light emitting diodes (LEDs) irradiation on
the metabolism of odontoblast-like cells.
Methods: Seventy-two dentin discs (0.2 mm thick) were obtained from human molar teeth. MDPC-23 cells
(20,000 cells/disc) were seeded on the pulpal side of the discs using DMEM, supplemented with 10% fetal bovine
serum (FBS). After 12 h, the culture medium was replaced with DMEM containing 0.5% FBS. After additional
12 h, blue (455 ± 10 nm) or red (630 ± 10 nm) LEDs were used at irradiances of 80 and 40 mW/cm2, re-
spectively, to irradiate the occlusal side of the discs. The energy doses were fixed at 2 or 4 J/cm2. Cell viability,
alkaline phosphatase activity (ALP), total protein production and collagen synthesis were evaluated 72 h after
irradiation. Data were submitted to Kruskal-Wallis and Mann-Whitney tests (α=0.05).
Results: Red light promoted proliferative effects at the energy dose of 4 J/cm2

. Conversely, cell cultures irra-
diated with 2 J/cm2 emitted by the blue light showed reduced viability. ALP production was stimulated by red
light in comparison with blue light at 4 J/cm2. Total protein production was reduced after exposure to blue light
at 4 J/cm2, while no effect was observed on collagen production.
Conclusions: Irradiation with red LED at 4 J/cm2 bio-stimulated the viability of odontoblast-like cells, whilst
blue light had unfavorable effects on the cellular metabolism.

1. Introduction

The biological integrity of the dental pulp complex is frequently
challenged by the progression of dental caries lesions (Cooper,
Holder, & Smith, 2014), absence of dentinal tubule sealing (Oliveira
et al., 2011), operatory procedures and the use of restorative materials
(Goldberg & Smith, 2004; Nicholson & Czarnecka, 2008). However, the
damage to the pulp tissue may be mitigated, particularly by means of
modulating inflammation and tissue repair that culminates in the de-
position of dentinal matrix (Carroll, Milward, Cooper, Hadis, & Palin,
2014), either by primary odontoblasts or newly differentiated me-
senchymal cells (Tjäderhane &Haapasalo, 2009). Thus, therapies that
allow bio-stimulation have been designed to aid pulp repair (Carroll
et al., 2014).

It has been demonstrated that low level phototherapy is able to
positively modulate the inflammatory reaction and the production of
extracellular matrix in tissues (i.e.: skin), and in cell cultures of

fibroblasts, osteoblasts and keratinocytes (Carroll et al., 2014; Frigo
et al., 2010; Pyo et al., 2013). However, the effect of light therapies on
pulp cells response has been scarcely evaluated (de Almeida, Basso,
Turrioni, De-Souza-Costa, & Hebling, 2016; Holder, Milward, Palin,
Hadis, & Cooper, 2012; Turrioni et al., 2014). Devices such as LASER
(Light Amplification by Stimulated Emission of Radiation) and LED (Light
Emitting Diodes), are used at low irradiance and energy dose values to
stimulate tissues and cells (Huang, Chen, Carroll, & Hamblin, 2009;
Posten et al., 2005). The wavelengths most used are in the range of 600
− 800 nm (AlGhamdi, Kumar, &Moussa, 2012; Carroll et al., 2014;
Posten et al., 2005). Although the blue wavelength is not included
within this optical window (Huang et al., 2009), it is extensively used in
Dentistry for light-activating restorative materials and cavity liners
(Krämer, Lohbauer, García-Godoy, & Frankenberger, 2008). Therefore,
the investigation of the effect of blue light in the metabolism of pulp
cells is worthwhile.

When light-activating dental materials applied on dentin, pulp cells
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might be affected since the dentin allows the transmittance of the light
through its inherently tubular structure. Although some studies have
evaluated the effects of phototherapy with blue light (Kushibiki, Tajiri,
Ninomiya, & Awazu, 2010; Lewis et al., 2005; Liebmann et al., 2010;
Wataha, Lockwood, Lewis, Rueggeberg, &Messer, 2004), there is still
no consensus about the real effects promoted by exposure to this wa-
velength, particularly on the pulp tissue or cell cultures such as odon-
toblasts and fibroblasts cells, which may be exposed to the effect of the
blue LED light during the photo-activation of dental materials.

In spite of some studies have demonstrated that infrared laser may
improve type I collagen gene expression (Pyo et al., 2013) and result in
positive effects on human pulp culture (Turrioni et al., 2014) clinical
conditions for the application of infrared therapy has been not simu-
lated. Most in vitro studies evaluated the effects of these light sources
directly on cell cultures, only considering the light therapy as a possible
(and distant) application for modulation of pulp inflammation, or for
the stimulation of pulp mesenchymal cells. However, these possible
beneficial effects have not been evaluated in models in which the
presence of dentin should be considered, determining the effects of light
scattering. In order to evaluate the efficacy of phototherapy in a si-
mulated model of pulp inflammation, the presence of mineralized tissue
as well as its thickness should be considered during the irradiance
procedure

Therefore, the present study evaluated the effects of blue (455 nm)
and red (630 nm) LEDs in a trans-dentinal model on odontoblast-like
cells, simulating the application of phototherapy in deep cavities.

1.1. Material and Methods

1.1.1. Dentin discs and measurement of LED light attenuation
A total of 78 human third molars were used after the approval from

the Research Ethics Committee (CAAE 13072813.2.0000.5416) of the
Araraquara School of Dentistry − UNESP. The teeth were cut and
ground (Turrioni et al., 2016) to obtain dentin discs with a final
thickness of 0.2 mm. The smear layer was removed by applying an
EDTA 0.5 M (pH 7.2) solution for 30 seconds on both surfaces of the
discs, and subsequent deionized water rinsing for 60 seconds.

The dentin discs were then submitted to the evaluation of light at-
tenuation for each wavelength. Using a high sensitivity sensor for wa-
velengths between 400 and 1060 nm coupled to a potentiometer (LM-2,
Coherent, California, USA), the light attenuation generated by each disc
was determined. Initially, the pulp surface of each specimen was placed
in contact with the sensor, and the LED, according to each wavelength,
irradiated the occlusal surface for 5 seconds (Turrioni et al., 2013). The
irradiance values were recorded before the disc was inserted and
afterwards, and the light attenuation was calculated for the disc, then
cell monolayers received 40 and 80 mw/cm2, depending on the wa-
velength. Using that data, the discs were homogeneously distributed
into 6 groups (3 for each wavelength) in such a way that the means of
light attenuation of all groups were statistically not different (ANOVA,
p> 0.05).

1.2. Irradiation Device and Physical Parameters

The cell culture was irradiated with two devices denominated
LEDTables (developed by the Optics Group of the Federal University of
São Carlos, São Carlos SP, Brazil), which had 24 light emitting diodes at
the blue (455 ± 10 nm − peak ± standard deviation) or red
(630 ± 10 nm − peak ± standard deviation) wavelengths. The irra-
diation parameters used were: irradiance of 80 mW/cm2 for the blue
wavelength, and 40 mW/cm2 for the red wavelength, due to scattering
of wavelengths and evaluation of loss of power of the dentin discs. The
energy doses used were fixed at 2 J/cm2 and 4 J/cm2, and the irra-
diation times were calculated considering the distinct irradiance and
distance between the irradiated area and the diodes (11 mm) (Chart 1).
The physical parameters were measured periodically (every month).

Immediately before light irradiation, the culture medium DMEM
was replaced by plain PBS solution at same temperature (37 °C). PBS
was kept in contact the cells during the whole irradiation time.
Afterwards, the PBS was removed and the cells were kept in contact
with fresh culture medium. In addition, the temperature (37 °C) was
monitored by means of a multimeter and thermistor coupled to the base
of the diodes, previously calibrated. The irradiation was performed in a
dark room and each cell culture was irradiated only once with the
designated wavelength.

1.3. Cell Culture

MDPC-23 cells (odontoblast-like cells) were thawed and sub-culti-
vated in DMEM supplemented with 10% fetal bovine serum (FBS)
(Gibco, Grand Island, NY, USA), 100 IU/mL of penicillin, 100 g/mL of
streptomycin and 2 mmol/L of glutamin (Gibco, Grand Island, NY,
USA). The cells were maintained in an atmosphere with 5% CO2 at
37 °C until the number of cells required for the experiments were ob-
tained.

1.4. Experimental Conditions

After allocating the discs (n = 12 per group) to groups that were
homogeneous with regard to light attenuation, the diameter of the discs
was reduced to a final diameter of 8 mm. Then, the dentin discs were
individually stored in plastic sleeves and sterilized with ethylene oxide.
Each dentin disc was mounted in an artificial pulp metal device using
silicone O-rings, all previously sterilized. Each set was inserted upside
down into a well of a 24-well acrylic plate in such a way that the oc-
clusal surface of the disc was in contact with acrylic at the bottom of the
culture plate. MDPC-23 cells were seeded at a density of 20,000/disc, in
DMEM containing 10% FBS, on the pulpal side of the discs. After 12 h,
the culture medium was replaced by fresh DMEM supplemented with
0.5% FBS, with the purpose of inducing nutritional deficit in the cells
(data not published). After additional 12 h, the samples were exposed to
a single LED irradiation according to the proposed parameters. The
morphological and metabolic evaluations were performed after 72 h
from irradiation. Non-irradiated control groups were treated exactly
like the irradiated groups, including placing the culture plate on the
LEDTable, except that the diodes were not activated. In the control
groups (non-irradiated cells), cells were kept in the LEDTable for the
longest time of each wavelength, which was 50 s for the blue light and
100 s for the red light.

1.5. Cell Viability

After 72 h from irradiation, cell viability was evaluated by the
Alamar blue assay (n = 8) at the concentration of 10% [21]. After
3 hours of incubation of the Alamar Blue solution, 200 μL of the extract
was transferred to 96-well plates and the fluorescence was determined
(excitation/emission − 485 nm/530 nm). The values obtained were
normalized by the median of the control group (=100% cell viability)
and transformed into percentages.

1.6. Total Protein Production and Alkaline Phosphatase activity

Initially, the cells were lysed by the addition of a detergent agent,

Chart 1
Irradiation times for each LED wavelength and energy dose.

Wavelength (nm) Energy Dose
2 J/cm2 4 J/cm2

450 25 s 50 s
630 50 s 100 s
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and then 50 μL of the extract was used for alkaline phosphatase quan-
tification. The remaining 950 μL were used for analyzing the total
protein content (n = 8) by the method proposed by Read &Northcote
(1981). The colorimetric reaction was read at 655 mn to determine
absorbance. These values were interpolated in a linear equation (stan-
dard curve) that was constructed, based on known bovine albumin
concentrations (mg/mL). The total protein concentration was normal-
ized by the median of the control group (=100%) of each wavelength
and transformed into percentage.

Alkaline phosphatase activity (n = 8) was measured using the end
point assay kit (Labtest Diagnostico SA, Lagoa Santa, MG, Brazil)
(Read &Northcote, 1981). The colorimetric assay determines the en-
zymatic activity by means of hydrolysis of thymol-phthalein mono-
phosphate, releasing thymolphthalein. Absorbance was determined at
590 nm, with the values found being interpolated in a standard curve
(U/L). After this, the values were normalized by the median of the
control group (=100%) and transformed into percentages.

1.7. Collagen Synthesis

Collagen production (n = 8) was determined by means of Sirius Red
assay (Saruwatari et al., 2005). The extracts were collected in Eppen-
dorf flasks at −20 °C. Three hundred microliters were transferred to
tubes containing 300 μL of Sirius Red dye (Direct Reagent) and kept
under agitation at 400 rpm, 25 °C for 1 hour. After this, the samples
were centrifuged at 12,000 rpm for 10 minutes. The pellets formed
were washed with 500 μL of 0.1 M HCl solution, and then 250 μL of
0.5 M NaOH was added to promote dissolution. The samples were
vortexed at 200 μL and then transferred to 96-well plates for readout of
absorbance at 555 nm. The values were normalized by the median of
the control group (=100%) and transformed into percentages.

1.8. Cell Morphology

Cell morphology was evaluated by scanning electron microscopy
(n = 2). The dentin discs were carefully removed from the artificial
pulp devices and fixed with glutaraldehyde 2.5% for 120 minutes.
Subsequent fixation and drying steps were performed in accordance
with the method proposed by Oliveira et al. (2011). The discs were
mounted on metal stubs and kept in a desiccator for 1 week. The
samples were gold-sputtered and evaluated by scanning electron mi-
croscopy (SEM; FEG-MEV; JEOL model 7500, Japan) at 200X and 500X
magnifications. Under SEM, cell morphology was assessed from at least
8 random fields, selected according to the presence of cells. From those,
two representative images (under 2 different magnifications) were se-
lected for each group to illustrate the cell morphology effect. The
MDPC-23 cell morphology was observed for each group and analyzed
descriptively, particularly with regards to the dentin area covered by
the cells and cytoplasm conformation.

1.9. Data Analysis

Data of cell viability, total protein production, alkaline phosphatase
and collagen synthesis did not present normal distribution. Therefore,
they were submitted to the nonparametric Kruskal-Wallis test com-
plemented by Mann-Whitney U-tests with Bonferroni correction. The
level of significance of 5% was established for all the statistical in-
ferences.

2. Results

2.1. Cell Viability

Cell viability (Table 1) was negatively affected when the culture was
irradiated with 2 J/cm2 using the blue wavelength, compared to control
group and the samples irradiated with 4 J/cm2. For the red LED, both
energy doses were able to significantly increase the cellular metabolism
in comparison to the control (non-irradiated cells). When the energy
doses were compared to each other within each energy dose, cultures
irradiated with the red light had significantly higher metabolism than
cultures irradiated with the blue LED (Table 1).

2.2. Total Protein Production and Alkaline Phosphatase Activity

Total protein production was negatively affected by exposure to
blue LED only at 4 J/cm2, statistically differing from the control group.
However, no difference was detected between 4 J/cm2 and 2 J/cm2

(Table 2). Total protein production was not affected by red light irra-
diation. No difference between the energy doses of 2 J/cm2 and 4 J/cm2

were revealed, and the values did not differ from those of the control
group (Table 2). When comparing the wavelengths within the same
energy dose, the red LED stimulated a statistically higher production of
total protein when 4 J/cm2 were delivered to the cells while no dif-
ference was seen when the cells were irradiated with only 2 J/cm2

(Table 2).
The activity of alkaline phosphatase was reduced by exposure to

LED to the blue wavelength, in comparison with the control group, ir-
respective of the energy dose delivered to the cells (Table 3). The same
was observed when the cells were irradiated with red light at 2 J/cm2,
while at 4 J/cm2 had no effect on the synthesis of this protein. Com-
paring the wavelengths within each energy dose, the red LED was su-
perior to the blue LED only at 4 J/cm2 (Table 3).

2.3. Collagen Synthesis

Collagen synthesis was not affected by exposure to blue or red LEDs,
irrespective of the energy dose delivered to the MDPC-23 cells
(Table 4).

Table 1
Viability of MDPC-23 cells after blue-LED and red-LED irradiation using different energy
doses.

`

Values indicate median (percentile 25-percentile 75), n = 8. aA For each LED type (rows):
medians identified by the same letter are not statistically different. Medians connected by
the asterisk within each column are statistically different (Mann-Whitney, p < 0.05).

Table 2
Total protein production by MDPC-23 cells after blue-LED and red-LED irradiation using
different energy doses.

`

Values indicate median (percentile 25-percentile 75), n = 8. aA For each LED type (rows):
medians identified by the same letter are not statistically different. Medians connected by
the asterisk within each column are statistically different (Mann-Whitney, p < 0.05).
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2.4. Cell Morphology

The cell morphology evaluated by SEM, using representative fields
(Figs. 1–3) revealed that the MDPC-23 cells presented morphological
characteristics compatible with normality when irradiated with the two
wavelengths (blue and red LED), irrespective of the energy dose (2 J/
cm2 or 4 J/cm2). The normal morphology of MDPC-23 cells is char-
acterized by a large and flat cellular cytoplasm with multiple small
cytoplasmic projections (Fig. 1) that are responsible for cell adherence
to the substrate (Figs. 2 and 3). The main difference observed was the
lower number of cells attached to the dentin when the culture was ir-
radiated with blue LED at the energy dose of 2 J/cm2. As a consequence
of the cellular detachment, a larger area of exposed dentin with evident
open dentin tubules is seen (Figs. 2c and d).

3. Discussion

Odontoblasts are cells present in the pulp tissue, specialized in
dentin matrix secretion and responsible for sensory transmission
(Couve, Osorio, & Schmachtenberg, 2013). They are the first defense
barrier against harmful stimuli to the tooth (Arana-Chavez &Massa,
2004). For this reason, immortalized MDPC-23 cells were used in the
present study, since they present the phenotype of odontoblasts (Man,
Shelton, Cooper, & Scheven, 2012). Additionally, MDPC-23 cells are
notably mineralized matrix producers, from the secretion of dentin-
phosphoprotein and sialoprotein from the dentin matrix (Couve,
Osorio, & Schmachtenberg, 2013), thus mimicking the clinical condi-
tion of a very deep cavity, with small dentin layer.

The cell cultivation protocol, in which cellular nutritional deficit
was induced by lowering the concentration of fetal bovine serum, was
performed based on previously conducted studies (Basso et al., 2016).
This method allows the MDCP-23 odontoblast-like cells to maintain
viability even in the presence of low serum coenzymes, and the effects
of photo-stimulation are detectable, considering the fact that the cel-
lular microenvironment must have some type of deficit for proliferative
effects to occur. Besides that, the response to photo-bio-stimulation is
better observed when the cells are submitted to nutritional deficit or
other debilitating effect, such as a reduction in oxygen levels (Aleksic
et al., 2010; Peplow et al., 2011).

Moreover, a trans-dentinal model was used to evaluate the effects of
the phototherapy, with the interposition of 0.2 mm-thick dentin discs.
This purpose of this design was to simulate very deep cavities without
pulp exposure; a clinical condition in which it would be necessary to
use an indirect capping material. The dentin discs standardization at
0.2 mm thickness determined that there was light passing, even with
loss of irradiance, which was properly adjusted. In addition, the col-
lected samples were extracted from young teeth, in an attempt to
standardize the dentin substrate on the number of tubules and presence
of inter-tubular dentin. Higher thicknesses such as 0.5 or 1.0 mm would
attenuate the blue light more effectively, so a higher value of irradiance
would be necessary to allow the light passage (Turrioni et al., 2013).
Compared to red LED, blue light attenuation through dentin discs is
higher.

Under these conditions, low intensity phototherapy would act
helping to modulate inflammation and pulp tissue repair through the
dentin tissue. The presence of dentin may influence the direction and
scattering of light (Kienle, Michels, & Hibst, 2006; Turrioni et al., 2013)
due to its anisotropic behavior (Kienle, Michels, & Hibst, 2006). Be-
cause of this phenomenon, therefore, the irradiances in the present
study were adjusted considering the dentin barrier, and also according
to the wavelength. It is know that longer wavelengths, such as the red
or infrared type, have greater light penetration (Huang et al., 2009)
whereas the blue light has less penetration into tissues and greater
scattering (Neupane, Ghimire, Shakya, Chaudhary, & Shrivastava,
2010).

Although the dentin specimens were of the same thickness and the
irradiances were adjusted in order to homogenize the energy doses,
notable differences were found among the samples exposed to the dif-
ferent wavelengths, mainly in the evaluation of cell viability. Red LED
increased cell proliferation at both doses, what was not observed for
blue LED. Red light probably exceeded the threshold of cell excitation,
and thus the response mechanisms began to operate, allowing increase
in proliferation (Emelyanov & Kiryanova, 2015).

Moreover, red light is known to present less scattering and losses
during its trajectory when compared with the blue light (Neupane et al.,
2010). It can be suggested that during cell exposure to the blue LED, the
light dissipation impaired reaching target cells effectively (Turrioni
et al., 2016). Another parameter considered was the temperature
change by light exposition. In pilot studies it was determined that the
temperature variation for exposure to blue light was 2 °C, whilst for red
light there was no expressive variation during 10 minutes of exposure

Table 3
Alkaline phosphatase activity by MDPC-23 cells after blue-LED and red-LED irradiation
using different energy doses.

`

Values indicate median (percentile 25-percentile 75), n = 8. aA For each LED type (rows):
medians identified by the same letter are not statistically different. Medians connected by
the asterisk within each column are statistically different (Mann-Whitney, p < 0.05).

Table 4
Collagen production by MDPC-23 cells after blue-LED and red-LED irradiation using
different energy doses.

`

Values indicate median (percentile 25-percentile 75), n = 8. No statistically significant
differences were detected among groups (Kruskal-Wallis, p > 0.05).

Fig. 1. SEM photomicrography of MDPC-23 cells irradiated with 4 J/cm2 dose by red-
LED. Cells present normal morphology, also showing wide cytoplasm and cellular pro-
jections (stars). Besides that, it was observed the mitosis (ball). Magnification: 1,500×.
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Fig. 2. SEM photomicrography of MDPC-23 cells irradiated with blue-LED. (a) and (b) Not irradiated cells (control group); (c) and (d) cells irradiated with 2 J/cm2; (e) and (f) cells
irradiated with 4 J/cm2. The control group shows MDPC-23 cells cover the majority of dentin substrate, showing wide cytoplasm and morphological characteristics of normal cells, some
with a star-shaped pattern covering the dentinal tubules (stars). Normal morphology was also observed within experimental groups, with no evidence of cellular necrosis, since there is no
presence of disintegrated membranes. However, a lower number of cells, and consequently more subjacent dentin (balls), was exposed within group irradiated with 2 J/cm2 (c) and (d).
Magnifications: 200 × and 500 × .

Fig. 3. SEM photomicrography of MDPC-23 cells irradiated with red-LED. (a) and (b) Not irradiated cells (control group); (c) and (d) cells irradiated with 2 J/cm2; (e) and (f) cells
irradiated with 4 J/cm2. MDPC-23 cells show a healthy-like morphology and covered a most part of dentin substrate (stars). Normal morphology was also present within irradiated
groups. Similarly as observed for Blue-LED irradiated cells, lower number of cells and greater area of subjacent dentin (balls) was observed for the group irradiated with 2 J/cm2 (e) and
(f). Magnifications: 200 × and 500 × .
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to the diodes (data not shown). It is recognized that the time evaluated
for temperature assessments was greater than the longer exposure time
of the cells to the light. In addition, only a temperature higher than
3.4 °C is capable of promoting damage to the culture of the MDPC-23
cell line (Souza et al., 2009), then it is suggested that change of tem-
perature was not able to promote effects in the cell culture.

The primary effect of phototherapy has been attributed to the in-
crease in ATP production, by means of activating chromophores present
in the cellular respiratory chain, with consequent increase in DNA
synthesis (Prindeze, Moffatt, & Shupp, 2012) and cell proliferation
(Carroll et al., 2014; Huang et al., 2009). However, these target cells
require specific wavelengths for their stimulation. Enzymes such as
cytrochrome c oxidase and flavoproteins, present in the cellular re-
spiratory chain, may be stimulated by light sources at the red and blue
wavelengths, respectively (Buravlev, Zhidkova, Osipov, & Vladimirov,
2015; Carroll et al., 2014; Huang et al., 2009; Kushibiki et al., 2010).

It has been described that the blue wavelength is absorbed by por-
phyrins, existent in larger concentrations in hemoglobin and myoglobin
(Medlock et al., 2015), with the metabolic degradation products of
these molecules being considered toxic (Imada, Tanaka, Ibaraki,
Yoshimura, & Ito, 2014). It could be suggested that this mechanism
could have been responsible for the cytotoxic effects on the MDPC-23
cells irradiated with the blue light at a dose of 2 J/cm2, while no effect
on cellular metabolism was seen when 4 J/cm2was were delivered to
the cells (Almeida et al., 2016). Conversely, the red light significantly
increased cell proliferation rates, as previously demonstrated (Almeida
et al., 2017; Holder et al., 2012; Turrioni et al., 2014), although the
present study did not assess which chromophores targeted the photo-
therapy.

It is known that low intensity phototherapy has biphasic effects on
biological systems, which are dependents of irradiance, energy dose
and wavelength used (Huang, Chen, Carroll, & Hamblin, 2009). Thus,
this effect can not be considered linear (Emelyanov & Kiryanova, 2015).
Besides that, each specific wavelength can inhibit or stimulate specific
cellular chromophores according to their band of absorption, however
only suggestions of possible cellular targets are mentioned in the lit-
erature (Huang, Chen, Carroll, & Hamblin, 2009).

The total protein production and alkaline phosphatase activity were
significantly reduced by irradiation with the blue LED. The red light
promoted no deleterious effects, except for the dose of 2 J/cm2, which
reduced ALP production in comparison with the concurrent non-irra-
diated control. Phototherapy has been reported to exert a biphasic ef-
fect on cell responses (Huang, Chen, Carroll, & Hamblin, 2009); that is,
the response to phototherapy may not be linear, therefore, higher doses
may not necessarily cause more damage to cells or tissues.

Irradiation with the red light (600–700 nm) emitted by both LASER
and LED has shown promising results in general. However, when
evaluating the effects of the red light on the differentiation of some
types of cells, the results were not always positive (Holder et al., 2012;
Kim et al., 2009; Zaccara et al., 2015). In the present study, it was seen
that the higher dose did not improve the ALP activity, a fundamental
enzyme in the process of dentin matrix deposition and mineralization
(Tjäderhane &Haapasalo, 2009). Therefore, the phototherapy acts by
giving support to these processes (Huang et al., 2009) and further in-
vestigations are necessary to evaluate the efficacy of the phototherapy
in the presence of growth factors, for instance.

In addition to ALP synthesis, odontoblast-like cells secrete collagen
type I, the main protein in the dentin matrix (Couve et al., 2013;
Goldberg & Smith, 2004). Therefore, the evaluation of collagen synth-
esis would indicate a possible application of phototherapy in aiding the
pulp repair. However, the two wavelengths did not increase the pro-
duction of this protein, irrespective of the energy doses delivered to the
cells.

The physical parameters capable of photo-bio-stimulating im-
mortalized pulp or mesenchymal cells have been investigated (Turrioni
et al., 2014; Holder et al., 2012; Oliveira et al., 2011). However, the

lack of uniformity among studies (i.e.: not standardized irradiance,
energy dose, area of irradiated surface and even the cell cultivation
regimen) is held responsible for the controversial results for photo-
therapy, in spite of being promising.

The trans-dentinal effects of blue, red and infrared wavelengths
were investigated by Turrioni et al. (2015), using MDPC-23 cells and
energy doses of 4 J/cm2 and 25 J/cm2 (irradiance of 88 mW/cmz).
According to the authors, red and infrared LEDs showed superior results
in comparison with blue LED, as seen in the present study when com-
paring the blue and the red LEDs. The overall good results for the red
light generated by LEDs make its use relevant. Based on that, further
studies should be performed to support the clinical recommendation of
this phototherapy.

4. Conclusion

Irradiation of MDPC-23 odontoblast-like cells with blue LED did not
stimulate cell proliferation and the production of proteins related to
mineralized matrix deposition, whereas irradiation with red LED at the
energy dose of 4 J/cm2 increased cell viability.
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