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Abstract
Purpose Evaluate the clinical performance of currently available dental bleaching technologies concerning their efficacy and safety
features. This study aimed to evaluate the clinical outcome of a 940-nm diode laser-assisted in-office bleaching technique for vital teeth.
Methods Subjects were assigned to treatments in a split-mouth study design. A 38% hydrogen peroxide gel photoactivated by
940 nm [400 μm fiber tip, 7 W; maximum energy of 210 J per tooth (smaller teeth received less energy than 210 J), maximum
period of 30 s] (LaserWhite20, Biolase, USA) and a 38% hydrogen peroxide conventional gel (Power Whitening, WHITEsmile,
Germany) were tested. The photoactivated system was evaluated on the right quadrants of upper and lower jaws, while the
conventional hydrogen peroxide system was evaluated on the left quadrants. Gels were fixed in place for 10 min and then rinsed.
The degree of color change was evaluated using a spectrophotometer based on VITAscale (Shade Star, Degudent, Germany)
immediately after treatments. Data were analyzed using one-way ANOVA, followed by Tukey’s test or paired t test, setting a
significance level of 5%.
Results Both treatments were effective in promoting tooth whitening (p < 0.05). No differences among teeth and arches were
observedwithin each treatment group (p > 0.05). The laser-assisted system resulted in lower shade values in both upper and lower
jaws (p < 0.05). Few patients experienced tooth sensitivity in the treated areas upon completion of the treatment. The dental pulp
viability of the treated teeth was maintained more than 1 year after the completion of the treatments.
Conclusions The 940-nm diode laser-assisted tooth whitening has been shown to be effective in a short-term post-
bleaching assessment.

Keywords Tooth bleaching . Tooth whitening . Hydrogen peroxide 38% . 940-nm diode laser . Clinical trial

Introduction

Lightening teeth has become associated with health and beau-
ty [1] and, as a result, desirable to modern dental patients.
Tooth bleaching is an important component of esthetic

dentistry since it is considered to be one of the most conser-
vative alternatives for the treatment of tooth discoloration.
Currently, two main bleaching approaches are widely used:
at-home and in-office techniques. A recent systematic review
comparing at-home and in-office bleaching has concluded that
both techniques present equal effectiveness and similar
risk/intensity of tooth sensitivity [2]. However, at-home
bleaching is usually considered equally effective and less as-
sociated with tooth sensitivity than in-office modalities [3].
Despite the advantages of at-home whitening, in-office
bleaching stands out because of the rigorous control of the
dentist over the treatment process, preservation of the soft
tissue health, prevention of swallowing material, discomfort
from wearing trays, and expedited outcome. These benefits
result in overall satisfaction of the patient and reduced treat-
ment time [2, 4–6]. The in-office bleaching technique is also
an appropriate alternative in cases of severe discoloration or
single tooth discoloration [2, 7, 8].
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Lasers, non-coherent light sources, and heat may be used for
the activation of the bleaching agent to accelerate toothwhitening
[9]. Accordingly, high-intensity light sources may increase the
temperature of hydrogen peroxide (HP) gels [7], which, in turn,
speed up the bleaching process by accelerating HP decomposi-
tion [10]. However, early methods of HP activation were associ-
ated with temperature increase and sensitivity [11]. To avoid or
diminish adverse effects of light-activated bleaching, modern
light sources [e.g., xenon–halogen lights, light-emitting diodes
(LEDs), plasma arcs, and diode lasers] have been implemented
to produce greater brightening results with less heat generation.
In fact, bleaching with diode lasers has shown to result in less
tooth and gingival sensitivity than the other bleaching systems
[12]. Nevertheless, because the validity of adjunct lights in tooth
bleaching is still controversial, rigorous studies are necessary to
explore the advantages of these alternative systems.

Recently, a new bleaching system was introduced into the
dental market, which combines an HP gel with irradiation
with a diode laser at 940 nm or 810 nm using a bleaching
hand piece attached to the trunk fiber (LaserWhite20,
Biolase, USA). According to the manufacturer, this system
was designed to lighten dark, yellowed, or discolored teeth
with extrinsic and intrinsic staining. New dental bleaching
technologies are being introduced daily into the market. The
evaluation of their clinical performance in relation to both
efficacy and safety aspects is of great relevance for the routine
dental practice. This study aimed to evaluate the short-term
clinical efficacy of this new in-office tooth bleaching system
combined with 940-nm diode laser irradiation.

Materials and methods

Participants

Young adults from 20 to 35 years of age, who were part of a
convenience sample and volunteered to participate in the
study, received an informed consent form containing informa-
tion about the risks and benefits of the treatment.

Before being enrolled in the study, participants signed an in-
formed consent form adhering to the ethical principle stated by
the Declaration of Helsinki of the World Medical Association.
Volunteers were required to be in good general and dental health.
At the dental screening, participants who had optimum oral hy-
giene and vital teeth from the central incisor to the first premolar
of all maxillary and mandibular quadrants were included in the
study. Volunteers exhibiting active carious lesions or prosthetic
restorations in the anterior teeth, tetracycline-stained teeth, gingi-
val irritation or periodontal disease, or painful symptoms or tooth
sensitivity in their anterior teeth were excluded. Participants who
were smokers, who were pregnant or lactating, or who had used
tooth whitening products within the preceding 3 years were also
excluded from the study.

Experimental design

A split-mouth clinical study was designed with 20 subjects.
Teeth in the maxillary and mandibular right quadrants were
allocated to the laser-assisted bleaching technique with 38%
HP (LaserWhite 20, Biolase, USA). For the left quadrants, a
conventional bleaching gel with 38%HP (White Smile/Power
Whitening, Germany), without laser irradiation, was applied.

The same trained evaluator recorded the initial (baseline)
and final (post-bleaching) color of the evaluated teeth by using
a spectrophotometer (Shade Star, Degudent, Germany). The
colors were evaluated immediately after the bleaching pro-
cess. To obtain reliable results, all volunteers were treated in
the same room, lit with artificial light.

Bleaching procedure

Figure 1 illustrates the dental bleaching procedures. All teeth
surfaces were initially cleaned using glycerin-free pumice and
underwent thorough scaling, root planing, and cleaning to re-
move all the superficial stains and dental plaque. The teeth were
not fluoridated after the cleaning procedure to avoid interference
with penetration of the active components of the bleaching gel
[8]. Lipswere lubricated, and a cheek retractorwas used to retract
soft tissues. The gingival margins and all the embrasures were
covered with gingival protector extending slightly on the tooth
surface to assure adequate protection of the soft tissue.

LaserWhite 20 system

The LaserWhite 20 gel is provided in two pastes (gel base and
activator), which were mixed according to the manufacturer’s
instructions. After placing a thin layer of the gel (approximately
1 mm) on the labial tooth surface, the InGaAsP diode laser
(Ezlase, Biolase, USA) was used to activate the gel. The laser
irradiation parameters were as follows: wavelength 940 nm,
power 7 W, and maximum total energy delivered per tooth
210 J. The laser energy application was performed in scanning
and non-contact mode, 1 mm away from the surface using a
400-μm fiber uninitiated tip (diameter 415 μm, length
21.17 mm, with calibration of 0.85), instead of the bleaching
hand piece recommended by the manufacturer. This was done
to control light exposure, particularly near the median line where
the non-lased left quadrant was being assessed. A black card-
board bulkhead was placed in the median line to avoid light
exposure in the left quadrants. The irradiation time was mostly
based on the heat sensation reported by the patient, and when no
heat was reported, the laser application was stopped when the
maximum time of 30 s was reached. The gel remained in place
for 10 min (Fig. 1a). Then, it was removed using high-volume
suction followed by flushing with an air and water spray to
remove any residual gel. This procedure was performed on each
right quadrant (upper or lower), separately.
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White smile/power whitening

The Power Whitening (WHITEsmile, Germany) is a red
bleaching gel composed of a base and an activator contained
within a double tube syringe that mixed them together in the
nozzle. The 38% HP gel was placed on the labial teeth surface
in each quadrant and rinsed after 10 min (Fig. 1b). This pro-
cedure was done for each quadrant on the left side separately.
No light irradiation was performed.

Dental pulp vitality

More than a year following treatments, the patients were
recalled, and the pulp vitality was assessed using the heat
and cold test.

Statistical analysis

Shade values were converted to scores as shown in Table 1,
ranging from B1 (lowest value) to C4 (highest value). Means
of shade scores within teeth, quadrants, and jaws were statistical-
ly compared byANOVA complemented by the Tukey’s post hoc
test. To compare shades before and after treatment, between both
dental bleaching modalities, paired t tests were used. For all data
analysis, the statistical significance level was set at 5%.

Results

Figure 2 presents one of the clinical cases to illustrate the
outcomes of the treatments [e.g., conventional (left side) and
laser-assisted (right side)]. The mean ± standard deviation age

for the participants was 22.0 ± 1.4 years. Six participants were
male, and 14 were female. Four participants experienced tooth
sensitivity in the treated areas upon completion of the treat-
ment. After 2 days, all patients were cleared, and no reports of
sensitivity or discomfort were reported. The dental pulp via-
bility of the treated teeth was maintained for more than 1 year
after the completion of the treatments.

Table 2 depicts the results for each tooth category in each
quadrant. Data from each tooth category, both at baseline and
post-bleaching, showed no significant difference between
treatments in both arches. Canines presented significant de-
crease in shade in all groups and arches. For the overall treat-
ment, i.e., when tooth categories were evaluated altogether,
both treatments where effective in whitening tooth color in
all quadrants (Table 3).

Comparing treatments, the laser-assisted system was found
to improve color by more shade units than the conventional
treatment in both arches (Fig. 3).

Discussion

The present study was conducted to compare and analyze the
short-term efficacy of the laser-assisted dental bleaching with
conventional treatment. Both treatments performed were ef-
fective in achieving whitening. Nevertheless, the laser-
assisted system (38% HP + 940-nm diode laser) resulted in
significantly lower shade values in both upper and lower
arches compared to the conventional treatment (38% HP). In
fact, it was observed that the laser-assisted system improved
results more than the conventional systemwhen it was applied
once and for a period of only 10 min.

Fig. 1 Tooth bleaching procedures using the laser-assisted system (a) and the conventional treatment (b)

Table 1 Conversion of Vita Classical shade guide tabs to numeric values

Shades B1 A1 B2 D2 A2 C1 C2 D4 A3 D3 B3 A3.5 B4 C3 A4 C4

Scores 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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A number of tooth bleaching protocols have been de-
scribed for both at-home and in-office treatments [2, 13, 14].
Highly concentrated HP protocols (35–38%), particularly,
may be applied for variable periods of time in contact with
the tooth surface, and in one or multiple cycles/sessions [2,
13–15]. However, adverse effects derived from these
bleaching agents are widely described in the literature
[13–15]. A recent study has shown that enamel slabs bleached
with 38% HP may result in mild changes in enamel surface
micromorphology [16], and others showed a decrease in the
enamel mineral content [17]. As such, shorter contact times of
38% HP with the tooth surface, which allows satisfactory
esthetic results, are preferable in the clinical setting. A previ-
ous study has shown that the 38%HP applied for 8 min in one
cycle has achieved satisfactory bleaching results [15]. Thus, to

compare with the LaserWhite20 system with the conventional
method, the same time of application (10 min) and HP con-
centration was used.

The use of supplementary light on the effectiveness of vital
bleaching treatments is still controversial, even for laser de-
vices [18]. In spite of that, the Food and Drug Administration
(FDA) has approved three types of lasers for laser-assisted
bleaching: argon ion laser (488–514 nm), carbon dioxide laser
(10,060 nm), and diode lasers (790–980 nm) [7]. Argon and
CO2 lasers, however, are not used any more due to
overheating. Significant shade changes using in-office
bleaching systems and diode lasers were reported in the liter-
ature [12, 19–23]. However, other studies have not been able
to confirm positive effects of light irradiation on the efficacy
of tooth whitening agents [6, 13, 14, 18, 24, 25]. The lack of

Fig. 2 Clinical case: female, 34-year-old patient. a Baseline clinical condition, b post-bleaching clinical aspect, and c table showing in detail the
differences in colors (Vita Classical shades) after bleaching of each treated tooth of this patient

Table 2 Mean shade differences between groups of teeth (central incisors, lateral incisors, canines, and first premolars) and arches

Shade guide units

Central incisors Lateral incisors Canines First premolars

Quadrant Baseline Post Baseline Post Baseline Post Baseline Post

Lower Conventional 4.75(3.44)aA 3.00(2.82)aA 6.45(3.36)aA 3.50(2.76)aB 8.40(4.40)aA 4.70(3.75)aB 6.55(3.42)aA 3.55(2.83)aA

Laser-assisted 5.25(3.30)aA 1.95(0.60)aB 6.10(2.67)aA 1.90(1.07)aB 8.45(3.74)aA 2.95(1.82)aB 7.15(3.48)aA 2.45(1.43)aB

Upper Conventional 6.10(4.19)aA 3.05(1.73)aA 6.70(3.73)aA 2.55(1.35)aB 8.80(3.73)aA 4.60(3.91)aB 8.0(5.03)aA 4.10(4.02)aB

Laser-assisted 7.10(4.52)aA 2.30(1.26)aB 6.30(3.94)aA 1.90(0.71)aB 9.00(3.75)aA 3.15(3.03)aB 8.10(4.43)aA 2.60(2.85)aB

Means (standard deviation)

Means with identical lowercase letters in the same columns for each tooth and arch are not statistically different

BBaseline^ and BPost^ means with identical capital letters for each arch, tooth, or treatment type are not statistically different
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consensus may be due to the multiple methods used to analyze
bleaching efficacy, such as variable protocols, laser exposure
parameters, and methods of shade/color change assessment.

Here, the proposed treatment showed to be more effective
than the conventional one. This was observed for a minimal
time of exposure on the dental surface for the 38% HP gel
(10 min, one cycle) for both treatments. The mean change in
shade for maxillary and mandibular quadrants using the laser-
assisted system was at a minimum of one shade value lower
than the conventional treatment. Although, previous works
can be poorly correlated with the current study because this
is the first time that this bleaching system (LaserWhite20) has
been tested in vivo. In fact, it is already known that high
concentrations (25–35%) of hydrogen peroxide (HP) itself
can quickly produce enough radicals capable to react with
tooth pigments [6]. However, we have demonstrated that at
least immediately after tooth bleaching, the 38%HP for dental
bleaching has shown improved results when combined with
the 940-nm diode laser.

A few patients reported sensitivity in the treated areas upon
completion of the treatment. After 48 h, all patients were
cleared, and no reports of sensitivity or discomfort were re-
ported. Moreover, even more than 1 year after the completion
of the treatments, the pulp vitality of all teeth was preserved.

In fact, it is claimed that the addition of dyes to the bleaching
gels, as in the system studied here, results in improved absorp-
tion of light in the gel, i.e., superficially on the tooth surface,
thus favoring teeth insulation and reducing the heating of the
dental pulp due to photoactivation [26, 27]. Moreover, the
photodynamic reaction triggered by laser interaction with the
dye leads to the production of free radicals that might contrib-
ute to the improved bleaching process, as well [26].

The hazard to the dental structure is a great concern related
to dental bleaching. Many studies were performed to verify
the permeability of dental tissues to different concentrations of
HP gels [28, 29]. The enamel behaves like a semi-permeable
membrane, allowing the passage of water and other sub-
stances with small molecular size, such as oxygen ions present
in the HP [2]. Accordingly, the Fick’s second law of diffusion
states that diffusion is proportional to the surface, diffusion
coefficient, and concentration and is inversely proportional
to the diffusion distance [30]. A recent study has shown evi-
dence that higher HP concentrations can reach dental pulp
chambers more quickly than less concentrated products [31].
Nonetheless, light activation does not increase the average
time for a 35% HP or 38% HP gel to reach the dental pulp
chamber [14, 32–34]. In contrast, the main purpose of light
application is to speed up the bleaching process and reduce the
time of exposure of teeth surfaces to the HP. An in vitro study
performed in human premolars with the same diode laser and
parameters used in the current study has shown that the tem-
perature rise in the pulp chamber is 2.73 °C when the tooth is
photoactivated. While we have not measured the increase in
the pulp chamber temperature when using the fiber tip, studies
in the literature show that the pulp safety threshold is a tem-
perature increase of 5.6 °C or less [35]. The laser-assisted
treatment evaluated in the present study was well-tolerated
by the patients, and the pulp vitality was preserved. The effect
of light applied with no hand piece attached to the fiber should

Table 3 Dental bleaching efficacy of conventional and laser-assisted
treatments in relation to right, left, upper, and lower arches

Quadrant Before After p value

Right upper (laser) 7.62 ± 3.21 2.48 ± 1.44 < 0.001

Right lower (laser) 6.73 ± 2.84 2.31 ± 0.88 < 0.001

Left upper (non-laser) 7.40 ± 2.94 3.57 ± 2.19 < 0.001

Left lower (non-laser) 6.82 ± 3.17 3.40 ± 2.38 < 0.001

Fig. 3 Comparison of dental
bleaching efficacy between
conventional and laser-assisted
treatments
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be better investigated in relation to cell viability, dental pulp
temperature rise, and possible biological hazardous effects on
this tissue and its surrounding.

A significant overall increase in whitening was observed
for canines, irrespective of the treatment type. Similar results
were previously reported when differences in color change
between incisors and canines were investigated after dental
bleaching [36, 37].

Conclusion

Within the limitations of this study, we conclude that the new
protocol of 940-nm diode laser-assisted tooth whitening has
shown effective in a short-term post-bleaching assessment.
Future studies should be conducted to examine whether the
above protocol is effective in a long-term trial.
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