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A B S T R A C T

Background: The appearance of the teeth is of great importance to patients, particularly tooth color. In recent
years, tooth whitening has been one of the most popular ways to restore tooth color. Bleaching gels can be
affected by heat, light or laser, which can improve its effects. This study intends to examine the effects of two
different wavelengths of diode laser (445 & 915 nm) after the bleaching process, on the enamel micro-hardness.
Methods: A total of 65 caries-free humans third molars were randomly divided into five groups (N = 13): first
group: bleaching gel activated with 915 nm diode laser (1.5 W), second: bleaching gel activated with 915-nm
(2.5 W), third: bleaching gel activated with 445-nm (1 W), fourth: bleaching gel activated with 445-nm (1.5 W),
fifth (control group): bleaching gel without laser activation. Micro-hardness test (Vickers test) was performed
before and after the treatment. The data were submitted to repeated measurement ANOVA and Tukey's HSD post
hoc test (α = 0.05).
Results: Enamel micro-hardness did not change significantly in groups 3 and 4 but decreased in groups 1 and 2.
Group 2 showed the most reduction in micro-hardness. There were no significant changes in the control group.
Conclusion: According to the results of this study, 445 nm Diode laser did not reduce enamel micro-hardness,
making it suitable for bleaching treatments. However, more studies are required to consider other factors, such
as color changes and pulp temperature.

1. Introduction

Tooth whitening is one of the most popular ways to restore and
improve tooth color, and tooth bleaching methods have received a lot
of attention in recent years (1).

During the bleaching process, hydrogen peroxide acts as a strong
oxidizing agent that converts to free radicals (2). These radicals attack
and break down the pigment molecules within the tooth, which cause
tooth discolouration and eventually whiten the tooth (3).

Tooth whitening agents can be affected by heat, light, or lasers,
which increase the temperature of the bleaching agent (4). Thus ac-
celerating the conversion of hydrogen peroxide to free radicals (5), and
causing the pigmented carbon chains to separate more quickly (6).
Eventually, this procedure reduces total in-office chair time and ac-
celerates the bleaching gel's action by energizing hydrogen peroxide

through the use of various light sources (3).
Laser energy can cause physicochemical changes in tooth enamel,

which is affected by crystalline changes in the hydroxyapatite crystal
and the elimination of carbonate content in the inter-crystalline areas.
Such changes also protect against harmful effects due to the widespread
penetration of hydroxyapatite. Besides, laser bleaching has caused
significantly lesser sensitivity compared to conventional in-office
bleaching (7).

Previous studies reported that Light activation of the bleaching gel
with hybrid LED sources was more effective than the control group.
Also, power bleaching provided faster and more intense bleaching than
bleaching gel without light activation (8).

Besides, some articles reported that color changes in power
bleaching were much better than bleaching gel without light activation
(9–11).
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Teeth whitening process involves the use of whitening gel on the
tooth surface for a long time, which may have harmful effects such as
changes in enamel micro-hardness and an increase in surface roughness
(12,13).

According to recent studies, micro-hardness was reduced during
bleaching and free radical activities (14). Various studies have been
performed to investigate micro-hardness changes in light-activated
bleaching (14–16).

Over the years, the effects of various lasers, more recently, including
diode lasers, have been studied on dental treatments (17). The wave-
lengths of 445 nm and 915 nm are known to be relatively new and have
been present in a few articles (18–22). FDA has approved the wave-
length of 445 nm, so the results are useful on the teeth (FDA: K180044).
Researchers have evaluated the healing power of 915 nm diode laser in
the oral cavity (21) and the effect of light-activated (Diode 915 nm
laser) bleaching on enamel and pulp chamber temperature increase
(23,24). Also, artificial caries resistance in enamel with topical Fluoride
activated by 445 nm diode laser has been studied (25). However, so far,
these wavelengths have not been considered in bleaching treatments.

Recently, lasers with a spectral wavelength in the blue region of 445
nm or 532 nm have been developed (17). Blue lasers have shorter
wavelengths and higher absorption in pigments, hemoglobin and mel-
anin (26). So they penetrate shallowly into the tissue and do not dis-
perse. It is one of the most critical advantages of them. As a result, the
risk of accidental damage in the deeper layers is reduced due to the
shallow penetration. In addition, less energy absorption occurs in the
environment, and an increase in the temperature of the surrounding
tissue does not occur as a side effect (27). This feature is vital due to the
absorption of the 445 nm laser in the bleaching gel pigments, and an
increase in gel temperature. Also, less penetration and scattering hap-
pens. However, the laser penetrates the hard tissue of the enamel less
and does not appear to affect the micro-hardness of the enamel. Due to
the effective results of LED light in the blue spectrum and the similarity
of the wavelengths, as well as the advantages of lasers, this spectrum of
wavelengths has been considered.

This study aimed to investigate the effect of a 445 nm (1 w and 1.5
w) and 915 nm (1.5 w and 2.5 w) diode laser after the bleaching process
on the micro-hardness of human tooth enamel.

2. Materials and methods

According to the results of Magalhaes (28) and using One-Way
ANOVA analysis, SPSS ll software with α= 0.05, β= 0.2, Effect size =
0.49 and mean standard deviation of 18.8; minimum sample size re-
quired for each of the five groups was 13.

Thirty-three human third molars have recently been extracted due
to periodontal and orthodontic problems, immersed in a 0.2% thymol
solution. The samples were selected to be free of caries, hypo-calcifi-
cation points and cracks. Then they were cut by high-speed disk, first
from the DEJ area, and were cut in half in mesio-distal direction.
Therefore, the total number of samples increased to 65 pieces.

The samples were mounted on acrylic resin with dimensions of 4 x 3
cm and a height of 1 cm by standard micro-hardness test frame. The
enamel surface was polished with 800, 1000 and 1200 sandpaper, and
it was immersed in physiological serum before, during and after the
experiment. They were randomly coded, and their initial micro-hard-
ness were measured and recorded three times, in the center, 1 mm to
the right, and 1 mm to the left of the center by entering 15 g of force by
Vickers micro-hardness tester (Leitz Miniload2 Microhardness Tester,
Leitz, Germany). Then they were randomly divided into five groups (n
= 13).

It is recommended to use 1-2 watts of power for diode laser and not
above 3 watts of power, to avoid overheating of the pulp chamber (29).

First group: Bleaching gel was applied to the samples and then
continuous irradiation of 915 nm diode laser (88dent- pocket laser,
Italy) with 1.5 W of power for 30 seconds with a handpiece (multi-tip 8

mm) was performed. The laser radiation process was performed three
times. One minute of rest was taken between irradiations. Then the gel
was left on the samples for 15 minutes.

Second group: Bleaching gel was applied to the samples and then
continuous irradiation of 915 nm diode laser (88dent- pocket laser,
Italy) 2.5 W for 30 seconds with handpiece (multi-tip 8 mm) was per-
formed. The laser radiation process was performed three times, and 1
minute of rest was taken between irradiations. Then the gel was left on
the samples for 15 minutes.

Third group: Bleaching gel was applied to the samples and then
continuous irradiation of 445 nm diode laser (Siroblue laser, dentsply
Sirona, Germany) with 1 W of power for 30 seconds with handpiece
(multi-tip 8 mm) was performed. The laser radiation process was per-
formed three times, and 1 minute of rest was taken between irradia-
tions. Then the gel was left on the samples for 15 minutes.

Fourth group: Bleaching gel was applied to the samples and then
continuous irradiation of 445 nm diode laser (Siroblue laser, dentsply
Sirona, Germany) 1.5 W for 30 seconds with handpiece (multi-tip 8
mm) was performed. The laser radiation process was performed three
times, and 1 minute of rest was taken between irradiations. Then the gel
was left on the samples for 15 minutes.

Fifth group (control): Bleaching gel was applied for 20 minutes with
no laser activation.

All samples were carefully washed by water and immersed in phy-
siological serum immediately after treatment with the mentioned pro-
tocol.

The same bleaching gel (Boost, chemical activation-H2O2 40%-
Ultradent- Opalescence, USA) was used for all groups.

(According to the manufacturer's instructions, the bleaching gel
should not remain on the teeth for more than 20 minutes).

After the treatments, the final micro-hardness was measured for all
samples.

The collected data were analyzed by repeated measurement ANOVA
and Tukey's HSD post hoc test using SPSS Statistics software.

3. Results

In this study, we tried to determine the relationship between diode
laser radiation with wavelengths of 915 nm (1.5 W and 2.5 W) and 445
nm (1 W and 1.5 W), and the effects on the human enamel micro-
hardness. The initial and final average hardness of study groups are
shown in Fig. 1.

Repeated measurement ANOVA showed that there is a significant
difference between groups (p = 0.000). Tukey's HSD follow up test
indicated that laser radiation with a wavelength of 915 nm significantly
reduces the micro-hardness of the enamel (p = 0.000). Micro-hardness
reduction in group 2 (915 nm, 2.5 W) was more than group 1 (915 nm,
1.5 W). Although laser radiation with a wavelength of 445 nm in groups

Fig. 1. Mean microhardness change of groups before and after treatment.
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3, 4, and the control group reduced enamel micro-hardness but did not
significantly differ (p> 0.05). The homogeneous subsets are presented
in Table 1.

4. Discussion

The results are based on the treatment protocol used, which is a
combination of studies and recommendations of manufacturers of the
product. According to the results, the diode laser radiation of 445 nm
did not considerably change the enamel's micro-hardness. However, the
wavelength of 915 nm significantly changed the micro-hardness of
enamel and increasing laser power was directly related to reducing
micro-hardness.

Tooth whitening process involves the use of whitening gel on the
tooth surface for a long time, which may have harmful effects such as 1)
Sensitivity due to increased enamel porosity (allows the whitening gel
to spread into the dentin and pulp through dentin tubes) 2) gingivitis 3)
damage to the throat and stomach (12) 4) changes in the micro-hard-
ness of enamel and increase in surface roughness (13).

There are concerns about the changes in enamel micro-hardness
because of its importance for maintaining dental health and durability
against chewing, and mechanical and chemical forces (30). Several
studies reported considerable changes in enamel micro-hardness
(14,15,31,32), some of them return to normal micro-hardness after one
to two weeks in artificial saliva (15,32) and some articles have not
reported considerable differences in the micro-hardness of enamel
(33,34).

The majority of studies have shown a reduction in enamel micro-
hardness during the use of a high concentration of bleaching gel similar
to the office bleaching (14,15,31,32). In our case, bleaching gel was
used for a maximum of 20 minutes at a time, which seems to be the
most significant difference from the recent studies on the bleaching gel
protocols.

With the development of lasers and other light sources used to ac-
tivate bleaching agents (4), the adverse effects of these sources on tooth
hardness have not been reported. There are doubts about the role of
these sources in increasing efficiency without damaging the structure of
the tooth (35). In recent years, numerous researchers have examined
the relationship between the radiation of laser types and the effects on
oral tissues, including soft tissue and hard tissue (36,37).

Some researches evaluated enamel and pulp chamber temperature
increase after laser radiation. De Moor reviewed numerous light
sources, including 915 nm Diode laser and their effects after bleaching
treatment. This study showed a rise in temperature at 1.5 W and 3 W
above the critical temperature (24). Kivanç showed diode laser (915
nm) activation during vital bleaching induces pulp chamber tempera-
ture increase, which may cause thermal tissue damage (23). Sulieman
showed, the rise in pulp chamber temperature, with the laser used at 1-
2W, was below the critical temperature thought to produce irreversible
pulpal damage (5.5 °C). However, a power setting of 3 W induced a
pulp chamber temperature increase above this threshold (16 °C);
therefore, caution is advised while using this setting (29).

We wanted to have the same power settings in both lasers, and 13

samples piloted with 445 nm and 2.5 W laser. However, due to the
burning of bleaching gel during the laser radiation, 2.5 W power setting
was replaced with 1 W in this laser.

Zhang et al., Compared KTP (532 nm) and diode laser (980 nm) and
LED in the bleaching process, Micro-hardness did not change sig-
nificantly in any of the three groups of light sources (38). A study by
Marcondes et al. aimed to create a specific protocol for Nd: YAG Laser,
micro-hardness of Nd: YAG laser-irradiated groups, and halogen light
was no different from the control group which had not received any
treatment (39). De Magalhaes showed bleaching gel activated with 830
nm diode laser did not change enamel micro-hardness significantly
(28). Dionysopoulos et al. used Er, Cr: YSGG laser in the bleaching
process. Bleaching groups with and without the laser treatment showed
a 10 percent reduction in the micro-hardness (31). In a study by Par-
reiras et al., In both groups, treated with 35% H2O2 bleaching gel, and
administered by 35% H2O2 bleaching gel with LED light activation, no
significant change in enamel micro-hardness was observed (15). Araujo
et al. compared LED light sources, argon laser and halogen light. In this
comparison, micro-hardness did not show any significant changes (33).
In research by Klaric et al., which used ZOOM2, LED405, OLED light
sources for bleaching activation, a substantial decrease in microhard-
ness was observed in all groups before activation with light sources.
Moreover, after light activation, micro-hardness change was insignif-
icant compare to the previous one(14). Nematianaraki et al. reported
enamel micro-hardness reduction after bleaching gel activation with
both plasma arc (350-700 nm) and diode laser (810 nm) groups (16).
Mondelli et al. reported that dental bleaching with different protocols
(15%, 25% and 35% HP) with or without laser activation (hybrid light)
reduces dental micro-hardness (40). Ghanbarzadeh et al., compared
home bleaching (carbamide peroxide 15%) with laser-assisted office
bleaching (hydrogen peroxide 40% + gallium-aluminum-arsenide
(GaAlAs) diode laser (810 nm)) on white spot lesions, enamel micro-
hardness decreased in both groups (41).

Despite the multiplicity of researches, there is still no agreement on
a specific protocol for laser radiation during bleaching treatment,
whereas laser devices are used in dental clinics. Also, it is challenging to
compare different lasers due to the difference in radiant power and
wavelengths of lasers. Some types of lasers for bleaching treatment
have not been studied yet.

Over the years, the use of LED lighting during the bleaching process
has been prevalent, and the results have been satisfactory. This light is
in the blue spectrum, and many studies have been done on its effec-
tiveness (42). So it is essential to check lasers with a spectral wave-
length in the blue region.

The high penetration depth of 915 nm laser in hard tissue and less
absorption in pigment (26,43,44) seems to have less effect on bleaching
gel and more penetration into the enamel. Thus, the more destructive
impact on enamel structure.

5. Conclusion

According to the results of our study, diode laser with a wavelength
of 445nm reduces the microharness of enamel less than 915nm laser
after laser assisted tooth whitening. However, more studies are required
to evaluate other features of tooth structure.. The obtained results were
according to the treatment protocol used, which is a combination of
studies and the manufacturers' recommendations. More studies are re-
quired to develop a specific protocol for using diode 445 nm laser to
activate bleaching agents.
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Table 1
Significance coefficient of the treated groups

Group N Subset for alpha = 0.05

1 2 3
2 13 −264.4429
1 13 −154.3810
5 13 −18.5238
4 13 −7.6410
3 13 −7.3095
Sig. 1.000 1.000 0.986

Means for groups in homogeneous subsets are displayed.
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