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ABSTRACT

Statement of the Problem: The effectiveness of low-intensity red laser for activating a bleaching gel and its effect in pulp
temperature was not investigated in dental literature.

Purpose: The objective of this study was to assess the effectiveness of low-intensity red laser for activating a bleaching
gel, as well as its effect in temperature of the bleaching gel and the dental pulp.

Materials and Methods: Forty extracted bovine teeth were immersed in a solution of coffee 14 days for darkening.The
initial colors were recorded by spectrophotometric analysis.The specimens were randomly distributed into two groups
(N = 20): the control, which did not receive light and the experimental group that received light from an appliance
fitted with three red light-emitting laser diodes (l = 660 nm). A green-colored, 35% H2O2–based bleaching gel was
applied for 30 minutes, and changed three times. After bleaching, the colors were again measured to obtain the L* a*
b* values. Color variation was calculated (DE) and the data submitted to the non-paired t-test (5%).To assess
temperature, 10 human incisors were prepared, in which one thermocouple was placed on the bleaching gel applied
on the surface of the teeth and another inside the pulp chamber.

Results: There was a significant difference between the groups (p = 0.016), and the experimental group presented a
significantly higher mean variation (7.21 � 2.76) in comparison with the control group (5.37 � 1.76).There was an
increase in pulp temperature, but it was not sufficient to cause damage to the pulp.

Conclusion: Bleaching gel activation with low-intensity red laser was capable of increasing the effectiveness of bleaching
treatment and did not increase pulp temperature to levels deleterious to the pulp.

CLINICAL SIGNIFICANCE

The application of a low-intensity red laser was effective for activating a bleaching gel with green dye, without any
deleterious increases in pulpal temperature.

(J Esthet Restor Dent 24:126–134, 2012)

INTRODUCTION

Tooth whitening has become one of the most
popular esthetic dental procedures. Bleaching
treatment has been used for over a century,1 with

substances capable of releasing highly reactive
free radicals that cause bleaching by oxidation of
the pigments.2 The bleaching procedures have
been shown to be reasonably, relatively safe and
effective.2–4
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Over the last few years, there has been an improvement
of the “in-office” technique. The bleaching agents at
high concentrations can be associated with physical
and/or chemical dye catalyzers that can be activated by
halogen, plasma arc, laser, and light-emitting diode
(LED) light sources, substituting the old hot lamp and
spatula techniques.5–9 The activation of a bleaching
agent by thermocatalytic technique has been
questioned, its thermal effects may result in an
excessive heating of pulpal tissue, increasing the
incidence of postoperative sensitivity and deleterious
effects on tooth structure.10–13

Although studies have proved the efficiency of
bleaching agents that use hydrogen peroxide at high
concentrations, the adverse effects on dental tissues
must be carefully assessed for their safe use.11–15

Clinically, the more usual adverse effect of vital tooth
whitening is sensitivity that may occur during and after
the procedure done by the professional,16 which can be
attributed to the hydrogen peroxide penetrating into
the dental tissue,17 due to its low molecular weight,
resulting in pulp irritation and in reversible pulpitis.18,19

Besides, bleaching agents with light-activated,
heat-enhancing colorant influences temperature rise of
bleaching gel and also may increase intrapulpal
temperature values. Use of intense lights does elevate
bleach temperature and also results in increased
intrapulpal temperature that may further impact on
patient sensitivity.20

The advent of dental laser has provided one possible
treatment option for dentinal sensitivity.21 Effects, such
as anti-inflammatory, vascular, myorelaxant, and
healing activity have been attributed to the application
of low-intensity laser.22,23 It is believed that in the same
way as with the non-opiate analgesics, low-intensity
laser therapy (LILT) can lead to diminishment of pain
intensity and even analgesia, acting at a low
wavelength.23 The LILT stimuli promote the
inflammatory process modulation by stabilizing cell
membrane, altering the transmembrane electric
potential, activating Na+ and K+ ATPase pump, and
increasing the synthesis of adenosine triphosphate

(ATP).24 This way, the application of low-intensity laser
in hypersensitive teeth has led to favorable results in
diminishing pain25,26 and acceleration on the pulp repair
process after pulp exposition.27

Nevertheless, the use of LILT during or after bleaching
procedure was not investigated in dental literature. As
it occurs with dentinal sensitivity, it would be expected
that the LILT could minimize the discomfort that
occurs during and after the bleaching treatment, which
can be associated with other light sources in hybrid
appliances or applied after bleaching treatment.

Hybrid LED/laser hybrid appliances usually have only
one laser diode located in the center of the active tip.
The use of an appliance fitted with more sources of
low-intensity laser diodes to activate bleaching gel
would, in principle, be desirable because there would be
optimization of the bleaching procedure in conjunction
with a supposed analgesic, anti-inflammatory, and
tissue regeneration action. Thus, it is opportune to
assess the degree of dental bleaching obtained by
activating the bleaching gel with the low-intensity laser.

The objective of this study was to assess the
effectiveness of low-intensity diode laser in activating
the 35% hydrogen peroxide-based bleaching gel used in
the dental bleaching procedure, as well as its effect in
bleaching gel and dental pulp temperatures. The null
hypotheses tested were that LILT does not improve
efficiency of dental bleaching and it does not increase
pulp temperature in deleterious levels.

MATERIALS AND METHODS

Specimen Preparation

Forty healthy bovine incisors were obtained from
animals with a mean age of 3 years, and remained
stored in distilled water at 4°C until they were used, not
longer than 28 days.28

The teeth were sectioned mesio-distally through their
long axes with a carborundum disk and a high-speed
lathe, and only the vestibular halves were used. Kerr type
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endodontic files were used to remove the pulp tissue.
The incisor and root were worn in order to obtain a
specimen with 7 mm of crown and 4 mm of root.

After the teeth were prepared, they were submitted to
the darkening process. The specimens were immersed
in a solution of 25% instant coffee (Nescafé, Nestlé,
Araras, SP, Brazil) dissolved in distilled water, for 14
days and the coffee solution was changed after 1 week
(Figure 1A).

The specimens were maintained at 37°C in a
bacteriologic oven during this period, then were
subjected to prophylaxis with a bicarbonate jet and
immersed in distilled water in an ultrasound appliance
to obtain a residue-free surface. To delimit the color
reading area, a circular adhesive label 9 mm in diameter
(Pimaco, Rio de Janeiro, RJ, Brazil) was adhered to the
center of the buccal surface (Figure 1B). The entire

buccal and other surfaces were coated with colorless nail
varnish (Colorama, São Paulo, SP, Brazil). After the nail
varnish was dried, the label was removed, exposing a
dental enamel “window” 9 mm in diameter (Figure 1C).

Color Measurements

The baseline color values (L*, a*, b*) of each specimen
were measured with a spectrophotometer (Easyshade,
Vita, Bad Säckingeni, Germany). The
spectrophotometer was calibrated with a standard white
card before each group of specimens was measured,
and measurements were repeated three times for each
specimen before the mean values were calculated.

Bleaching Procedure

The specimens were randomly distributed into two
groups (N = 20): the control, which did not receive light

A B

C D

FIGURE 1. Specimens
preparation:A,Tooth after
darkening. B, Delimitation of the
bleaching area with an adhesive
tape. C,Tooth after nail varnish
coating. D, Bleached specimen.
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and experimental group, which was light activated. A
35% hydrogen peroxide-based experimental bleaching
gel was used, resulting from the mixture of components
from two bottles with neutral pH. The gel had a green
dye with the aim of absorbing red light with greater
intensity.

The gel was manipulated in a plastic vat by adding
nine drops of bleaching agent and three drops of
thickener. A uniform layer of gel approximately 2 mm
thick was deposited on the enamel platform at a
distance of 1 cm from surface and was immediately
activated by the light source from an appliance with
three red light-emitting laser diodes (l = 660 nm,
50 mW—CleanLine—Taubaté, São Paulo, Brazil), for 2
minutes and 40 seconds. Then, the gel on the enamel
surface was stirred with a spatula to displace oxygen
bubbles formed and 1 minute was waited to avoid
possible overheating of the dental structure, which
could be deleterious to the pulp tissue under a clinical
condition. Procedures were repeated three times,
totaling 10 minutes. Next, the gel was removed with a
suction cannula and washed with distilled water. All
the procedures described above were repeated twice
more, totaling 30 minutes of the bleaching gel action
(Figure 1D).

Statistical Analysis

After bleaching, the specimens were stored in distilled
water at 37°C for 1 week and colors were measured
again in the spectrophotometer to obtain the values of
L* a* b*. Color variation was calculated (ΔE) and data
were submitted to the non-paired t-test (5%).

Temperature of the Dental Pulp

To assess temperature alteration, 10 human incisors
were prepared, whose dental pulps were removed and
the pulp chambers were filled with a zinc oxide-based
thermal paste (Implastec, Votorantim, São Paulo,
Brazil) to enable heat conduction, similar to what
would occur with the pulp tissue. The bleaching agent
was applied, the same as previously, on the entire
vestibular surface of the teeth, with an approximate
thickness of 2 mm. Type K thermocouples were placed

inside the pulp chamber, immersed in the paste,
touching the dentin in the region at the center of the
vestibular face of the tooth crowns and another in the
bleaching gel. These thermocouples were connected to
a digital thermometer (MT-507, Minipa, São Paulo,
São Paulo, Brazil), which enabled the temperature to
be read in °C. All the tests were performed in a room
with a constant temperature of 26°C. After this, the
teeth were irradiated with the light sources described
above, for 3 minutes without interruptions and the
temperature was recorded every 30 seconds. The
temperature variation values for each specimen were
calculated, subtracting the value recorded after each
interval of activation from the value of the initial
temperature. Each tooth received irradiation with a
light source of a red light-emitting laser appliance,
as described above.

The mean temperature values of the bleaching gel
(dental surface) and inside the pulp chamber were
obtained from the data.

RESULTS

Table 1 shows the results of the non-paired t-test for
the action of light on dental bleaching, in which a
significant difference is noted between the groups, and
the laser group presented a significantly higher mean
variation in comparison with the control group.

Figure 2 presents the mean temperature values of the
bleaching gel (dental surface) and inside the pulp
chamber, in which a discrete increase in temperature
can be observed. The difference between the final and
the initial temperature was 2.29°C for the bleaching gel
(26.94°–24.65°), and 1.18°C for the dental pulp
(25.62°–24.44°).

TABLE 1. Results of the non-paired t-test (5%)

Groups Means (� standard deviation)

Laser 7.21 (�2.76)

Control 5.37 (�1.76)

*p = 0.016.
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DISCUSSION

The aim of associating dyes with bleaching gels used in
dental offices is to increase the effectiveness of dental
bleaching by means of greater light absorption by the
gel. Nevertheless, it is necessary for the color of the
pigment to be complementary to the color of the light
from the emitting appliance,13 to provide greater
bleaching effectiveness and low temperature increase.29

Therefore, a 35% H2O2–based experimental bleaching
gel associated with a green dye was developed for use
with the diode laser appliance, which emits light in a
red spectrum (l = 660 nm), with the view of
intensifying its absorption.

However, light absorption by the bleaching gel with dye
leads to its heating, which is reflected in the dental
structures.20 Eldeniz and colleagues 2005,12 compared
the pulpal temperature of teeth submitted to bleaching
associated with halogen or LED/laser light sources and
found the highest temperature values in the halogen
lamp appliances.

Zach and Cohen reported irreversible pulpal damage in
15% of rhesus monkeys for temperature elevations of
5.6°C, 60% for temperature elevations of 11°C, and
100% for temperature elevations of 16.6°C.30 In the
present study, it was found that low-intensity laser, in
accordance with the protocol used, did not raise the
temperature in the pulp and on the tooth surface to a
level that would be sufficient to cause pulp damage, the
maximum variation obtained being 2.29°C in the

bleaching gel and 1.18°C in the dental pulp. These
results have shown that the use of a bleaching gel
should be able to offer a protective insulating
layer against the surface and pulpal temperature
increases.31

However, tooth sensitivity is a common side effect of
external tooth bleaching, mainly with in-office
technique.32 The mechanisms that would account for
the tooth sensitivity after external tooth bleaching have
not yet been fully established. In vitro experiments have
shown that peroxide penetrated enamel and dentin and
entered the pulp chamber.33 The amount of peroxide
detected in the pulp chamber was related to the
concentration of hydrogen peroxide in the preparations
applied.34 An in vivo study in dogs indicated that
hydrogen peroxide alone or in combination with heat
caused alterations in odontoblasts and deposition of
dentin,35 these factors can cause hemorrhage and
inflammation in pulp and consequently, tooth
sensitivity. Low-intensity lasers have shown
anti-inflammatory, analgesic, and tissue regeneration
effects in pulp hyperemia processes, and it is an
important therapeutic auxiliary in cases of dentinal
hypersensitivity,26,36,37 nevertheless, its use as a
desensitizing agent during bleaching procedures needs
to be further investigated.

The principle of using LILT is to supply direct
biostimulative light energy to the body’s cells. Cellular
photoreceptors can absorb low-level laser light and pass
it on to mitochondria, which promptly produce the
cell’s fuel, ATP.38

These wavelengths stimulate circulation and cell
activity, acting in biostimulation due to the increase of
mitochondria ATP production and lead to an increase
in the excitability of free nerve endings, which results in
an analgesic effect. There is evidence suggesting that
LILT may have neuropharmacologic effects on the
synthesis, release, and metabolism of a wide range of
neurochemicals, including serotonin and acetylcholine
at the central level, and histamine and prostaglandin at
the peripheral level.39 The therapeutic effect on pain
also can be explained by the increase in the release of
b-endorphins, which are physiological analgesic
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FIGURE 2. Graph of temperature increase for the bleaching
gel and dental pulp according to time.
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substances produced by the body at the level of nerve
ending synapses.39,40

Thus, it would be speculated that the use of a
low-power laser appliance as an auxiliary in the
bleaching procedure could minimize the frequent
sensitivity that occurs during and after bleaching. This
way, it would be desirable that this possible therapeutic
effect could be associated to the use of the red light as a
bleaching activating agent, without harm to the pulp.

The first null hypothesis tested was rejected because
there was improvement in bleaching treatment
effectiveness when associated to gel containing green
pigment exposed to red light from the low-intensity
diode laser. The second hypothesis was accepted since
there was no temperature increase in the bleaching gel
and pulp that could irreversibly affect the pulp tissue.

The obtainment of favorable results with regard to the
action of the laser in the bleaching gel tested
encourages future studies in order to observe the
clinical effects on the bleaching result, which can be
obtained with this association, as well as assessing the
possible reduction in sensitivity resulting from the
bleaching procedure.

CONCLUSION

Within the limitations of this study, it can be stated
that activation of the green-colored bleaching gel with
the red low-intensity laser was capable of increasing
bleaching treatment effectiveness without producing
harmful heating of dental structures.
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