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ABSTRACT 

Teeth color has a significant impact on facial aesthetics. Tooth bleaching is the safest way to lighten the 
color of your teeth. Today, hydrogen peroxide is the most commonly used bleaching agent. The diode laser 
is one of the light sources that speeds up the bleaching process. One of the laser beam features is the laser 
beam profile, which depicts the distribution of laser intensity across the beam section. The goal of this 
study is to look into the effectiveness of Gaussian and Flat top beam profiles on tooth shade using two 
diode laser wavelengths of 810 and 980 nm in the tooth bleaching process. Fifty human anterior and pre-
molar teeth were extracted and placed in a tea and coffee solution for three weeks before being divided into 
five groups. The first group did not receive laser radiation because 40% hydrogen peroxide was used; in 
the second and third groups, the profile of the flat top beam and the wavelength were 810 and 980 nm, 
respectively; and in the fourth and fifth groups, the wavelength of the Gaussian beam profile was 810 and 
980 nm. The shade of the samples before and after bleaching was measured with a CIELab-based spectro-
photometer, and the results were analyzed using one-way ANOVA and Tukey’s multiple comparison test. 
All bleaching methods resulted in a significant change in tooth color (ΔE>3.3). There was a significant dif-
ference in average shade changes across groups (P<0.001). The highest degree of shade change was observed 
in two groups of lasers with a wavelength of 980 nm and profiles of Flat top beam (ΔE=5.35) and Gaussian 
(ΔE=5.02). There were no differences between the remaining groups. We conclude that the 980 nm wave-
length produces a greater shade change than the 810 nm wavelength and chemical method. The diode 
laser’s 810 nm wavelength has no effect on the shade of teeth. 
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Introduction 
 
The color of one’s teeth is a major concern for many in-
dividuals. Those with whiter and brighter teeth tend to 
have greater social appeal, leading to an increase in 
requests for teeth whitening.1 The factors that contribute 
to tooth discoloration can be divided into external and in-
ternal factors.2 Internal factors are caused by changes in 
the composition and thickness of tooth tissue which result 
in tooth discoloration. The cause of internal color change 
may be related to processes before or after tooth eruption. 
Some examples of factors that cause internal color change 
include alkaptonuria, amelogenesis imperfecta, dentino-
genesis imperfecta, fluorosis, tetracycline, hypoplasia of 
enamel, pulp hemorrhage, and root resorption. External 
factors are those that deposit on the enamel over time and 
change the color of teeth. Examples of external factors in-
clude improper oral hygiene techniques, smoking, con-
sumption of colored foods and liquids (such as tea and 
coffee), aging, and exposure to iron salts and chlorhexi-
dine.1,3-5 Various methods exist for treating tooth discol-
oration, such as bleaching, restorative treatment 
(composite and ceramic veneers), and full dental 
coverage.3 Bleaching is the most cautious method for 
whitening teeth. It involves brightening the color of teeth 
by breaking down chromogens and disrupting double car-
bon-carbon bonds through free radicals released from ox-
idizing agents. Bleaching can be performed in the office 
or at home.2,6 Throughout history, various oxidizing 
agents, such as calcium hypochlorite, acetic acid, oxalic 
acid, carbamide peroxide, and hydrogen peroxide, have 
been used.2,7 Today, the most commonly used agent for 
in-office bleaching is high-concentration hydrogen perox-
ide, which is accelerated with various sources of light and 
heat to release free radicals faster.2,5,6,8 

Light sources for activating the bleaching process include 
LED, laser, plasma, and halogen lamps.7 The photorecep-
tor molecules in the bleaching gel absorb the light, increas-
ing the temperature of the gel and resulting in the release 
of free radicals from hydrogen peroxide at a faster rate.7-9 
KTP, Nd:YAG, argon, carbon dioxide, and diode lasers 
are used in the bleaching process.5,10,11 The diode laser is 
a semiconductor laser with different active mediums. It is 
typically available in wavelengths of 810 and 980 nano-
meters and  widely used in dentistry. The energy produced 
by the diode laser is mainly absorbed by pigmented tissue 
and hemoglobin and has less absorption in water and hy-
droxyapatite (teeth), causing no damage to tooth tissue. 

The 980-nanometer wavelength of the diode laser has 
higher absorption in water than the 810-nanometer wave-
length. The diode laser increases the temperature of the 
bleaching gel in a short time and accelerates its activa-
tion.12-15 
When it comes to laser radiation, one crucial parameter 
is the intensity of the laser beam, which is determined by 
the ratio of the laser power to the cross-sectional area of 
the beam and the distribution of its intensity across that 
area. This distribution is what gives the beam its unique 
radiation profile.16,17 The beam profile is important be-
cause it affects energy density and concentration, which 
in turn determine how the beam propagates. There are 
two main types of beam profiles: Gaussian and Flat top. 
In Gaussian mode, the beam intensity is highest at the 
center of the beam and decreases symmetrically towards 
the edges. One drawback of this profile is that the intensity 
at the edges can be low, resulting in energy loss and un-
wanted heat generation in surrounding tissues if it falls 
outside the required range. In cutting applications, the 
Gaussian profile can also lead to irregular and rough edges. 
In contrast, the Flat top profile maintains a constant, uni-
form beam intensity across the entire width of the beam, 
with a homogeneous distribution of intensity in the beam’s 
cross-sectional area. Because there are no low-intensity 
margins with this profile, it’s more energy efficient and has 
fewer unintended effects on surrounding tissue. However, 
producing a Flat profile requires specialized tools and 
equipment, making it less economically feasible.16-18 To 
date, no studies have looked at the effect of beam profile 
on tooth bleaching. That’s why the main goal of this study 
is to compare the effects of two different profiles - Gaus-
sian and Flat top - on in-office teeth bleaching. 
 
 
Materials and Methods 
 
This research has been approved by the Ethics Council in 
Research at Alborz University of Medical Sciences under 
the code IR.ABZUMS.REC.1401.159. For this compre-
hensive laboratory-based study, we extracted a sample of 
healthy human anterior and premolar teeth from our re-
search population. To ensure adequate representation, we 
included 10 teeth in each group. Our inclusion criteria re-
quired that teeth have intact enamel on their incisal, ca-
nine, or molar cusps, as well as mandibular teeth. We 
excluded any teeth with caries lesions, visible cracks or hy-
poplastic lesions, or severe color changes within the tooth. 
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After selecting our sample, we removed any remaining soft 
tissue and debris from the teeth using an ultrasonic scaler. 
Then, we soaked the teeth in a 0.5% chloramine T solu-
tion for one week to ensure disinfection. Following dis-
infection, we immersed the teeth in a solution consisting 
of equal parts tea and coffee. To prepare the solution, we 
brewed a bag of Ahmad tea (Iran) for five minutes in a 
cup of boiling water and added instant Nescafe coffee (3-
in-1; Iran) to 180 milliliters of boiling water in equal pro-
portions. We changed the solution daily. Finally, we 
polished the teeth using a low-speed handpiece, brush, 
and Prophy-Mor Micro Black prophylaxis paste (Morva-
bon, Iran) and stored them in normal saline until the 
study’s commencement. 
The samples were dried and divided into five random 
groups. To ensure consistency in the angle before and 
after bleaching when determining the color inside the 
silicone impression, a fixed density was used. Opales-
cence™ Boost™ PF 40% (Ultradent, USA) was used 
as the bleaching gel in all groups for this study. In the 
first group, the teeth were exposed to the bleaching gel 
for 20 minutes without any laser irradiation. The other 
groups used Diode (Wiser 3, Doctor Smile, Italy) laser 
to activate the bleaching gel. In groups two through five, 
the laser had an irradiance of 2 watts, and the regime in-
volved placing the bleaching gel on the specimens. The 
laser was then irradiated three times for 30 seconds each 
time with a one-minute interval between each irradia-
tion. After the third laser irradiation, the gel remained 
on the teeth for seven minutes before being rinsed with 
water and dried for color evaluation. The second group 
used a laser with a wavelength of 810 nanometers and a 
Flat beam profile. The third group used a laser with a 
wavelength of 980 nanometers and a Flat beam profile. 
The fourth group used a laser with a wavelength of 810 
nanometers and a Gaussian beam profile, while the fifth 
group used a laser with a wavelength of 980 nanometers 
and a Gaussian beam profile. 
Data collection involved determining the color of the 
teeth before and immediately after bleaching. For this 
study, the CIELAB system was used to determine tooth 
color. CIELAB is a quantitative index developed by the 
International Commission on Illumination (CIE) for ex-
pressing color. It is a three-dimensional space with three 
components: L*, a*, and b*. The L* index represents color 
brightness, with values ranging from zero (black) to 100 
(white). The* index represents the amount of red-green 
color, where positive values indicate red and negative 

values indicate green. The b* index represents the amount 
of yellow-blue color, where positive values indicate yellow 
and negative values indicate blue. 
The color change (ΔEab*) in this system is calculated 
using the following formula: 
 

ΔEab *=[(ΔL*)2 + (Δa*)2 + (Δb*)2]1⁄2 
 
We utilized the SpectroShade Micro spectrophotometer 
(MHT Srl, Italy) to gather the necessary parameters. Be-
fore conducting the research, the color of the samples 
was measured twice using a calibrated spectrophoto-
meter by the manufacturer’s guidelines, and the mean of 
the two measurements was taken as the baseline tooth 
color. Post-bleaching, the color of the samples was again 
measured twice, and the average of the two readings was 
considered as the color after treatment, with the amount 
of color change in the samples being calculated via the 
ΔE formula. 
The collected data were subjected to statistical analysis 
using SPSS version 24 software. Quantitative results were 
reported as ‘mean ± standard deviation’. For comparison 
of mean CIELab parameters across groups, we employed 
one-way ANOVA followed by Tukey’s multiple compari-
sons test if deemed significant. To evaluate the normality 
of the distribution of CIELab color parameters, we uti-
lized the nonparametric Kolmogorov-Smirnov test, 
wherein no deviation from the assumption was observed 
(P>0.05). Additionally, we used the Levene test to assess 
variance homogeneity between groups, which was con-
firmed to be met (P>0.05). A significance level of 0.05 
was set for the tests. 
 
 
Results 
 
In this experimental laboratory study, the control group, 
810-nm wavelength laser with Flat top beam profile, 980-
nm wavelength laser with Flat top beam profile, 810-nm 
wavelength laser with Gaussian beam profile, and 980-nm 
wavelength laser with Gaussian beam profile were inves-
tigated and compared. In each group, 10 anterior teeth 
and premolars were evaluated. In Table 1, the mean values 
of color parameters L, a, and b were compared among the 
studied groups. 
In Table 2, the average values of color parameters ΔL, Δa, 
Δb, and ΔE have been compared among the studied 
groups. One-way analysis of variance showed that the 
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mean values of ΔL, Δa, and ΔE for the examined groups 
have a statistically significant difference (P<0.05), while 
the mean value of parameter Δb did not show a statisti-
cally significant difference among the examined groups 
(P>0.05). 
In all groups, the brightness of the teeth increased (ΔL>0), 
while the redness (Δa) and yellowness (Δb) decreased. 
Tukey’s multiple comparison test results for ΔL showed 
that the mean ΔL was significantly higher in the 980-
nanometer laser group with a flat top beam profile than 
the control group (P=0.022), the 810-nanometer laser 
group with a flat top beam profile (P=0.010), and the 810-

nanometer laser group with a Gaussian beam profile 
(P=0.020). There was no statistically significant difference 
between the other groups (P>0.05). For Δa, Tukey’s test 
showed that the mean Δa in the 980-nanometer laser 
group with a flat top beam profile was significantly higher 
than the 980-nanometer laser group with a Gaussian 
beam profile (P=0.039), but there was no significant dif-
ference between the other groups (P>0.05). 
All groups had clinically detectable color changes 
(ΔE≥3.3). Tukey’s test for ΔE showed that the mean ΔE 
was significantly higher in the 980-nanometer laser group 
with a flat top beam profile than the control groups 

Table 1. The average and standard deviation of color parameters (L, a, and b) before and after bleaching. 

Group number       Color parameter                             Before bleaching                                                             After bleaching 
                                                                        Average                   Standard deviation                         Average                   Standard deviation 

1                             L                                           74.91                                1.73                                       78.22                                1.71 
                              a                                            1.66                                 1.24                                        1.01                                 1.11 
                              b                                           16.46                                2.10                                       15.28                                2.12 

2                             L                                           75.72                                1.06                                       78.89                                0.89 
                              a                                            1.97                                 0.97                                        1.63                                 0.89 
                              b                                           15.01                                2.38                                       13.78                                2.29 

3                             L                                           73.43                                2.86                                       78.36                                1.78 
                              a                                            1.71                                 0.99                                        0.99                                 0.83 
                              b                                           14.67                                1.95                                       13.32                                1.58 

4                             L                                           76.31                                1.04                                       79.60                                1.88 
                              a                                            1.58                                 1.03                                        0.95                                 0.96 
                              b                                           15.50                                2.11                                       14.99                                2.22 

5                             L                                           71.58                                2.23                                       75.89                                2.93 
                              a                                            0.66                                 1.33                                        0.48                                 1.32 
                              b                                           16.93                                2.67                                       15.69                                1.90 

 

 

 

Table 2. Comparison of color parameter means (ΔL, Δa, Δb, and ΔE) in the examined groups. 

                                                 ΔL                                   Δa                                                Δb                                   ΔE 
                                       (variation range)              (variation range)                           (variation range)              (variation range) 

Group 1                               3.31±0.31a                      -0.65±0.3ab                                   -1.18±0.52                       3.62±0.37a 
                                             (2.8- 3.8)                         (-1.1- 0.2)                                     (-2.0- 0.5)                         (3.1- 4.1) 

Group 2                               3.17±0.56a                     -0.34±0.16ab                                  -1.23±0.54                       3.47±0.52a 
                                             (2.6- 4.4)                         (-0.6- 0.1)                                     (-2.0- 0.5)                         (2.9- 4.5) 

Group 3                               4.93±1.49b                      -0.72±0.64a                                   -1.35±1.33                      5.35±1.45b 
                                             (3.1- 6.8)                         (-2.3- 0.0)                                     (-4.8- 0.4)                         (3.3-6.8) 

Group 4                               3.29±1.24a                     -0.63±0.13ab                                  -0.51±0.47                       3.42±1.20a 
                                             (2.0- 5.7)                         (-0.9- 0.5)                                     (-1.3- 0.4)                         (2.2- 5.7) 

Group 5                              4.31±1.54ab                     -0.18±0.55b                                   -1.24±1.25                      5.02±1.44b 
                                             (2.2- 6.9)                         (-1.3- 0.6)                                     (-4.9- 2.9)                         (3.2- 7.5) 

P- Value                                    0.003                               0.021                                            0.567                             0<0.001 

*The table data is reported as “standard deviation±mean"”and (range of variation).                         
**In each variable, groups labeled with different English letters have a statistically significant difference in their means (P<0.05).
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(P=0.008), the 810-nanometer laser group with a flat top 
beam profile (P=0.003), and the 810-nanometer laser 
group with a Gaussian beam profile (P=0.002). The mean 
ΔE in the 980-nanometer laser group with a Gaussian 
beam profile was also significantly higher than the control 
groups (P=0.047), the 810-nanometer laser group with a 
flat top beam profile (P=0.022), and the 810-nanometer 
laser group with a Gaussian beam profile (P=0.017). No 
statistically significant difference was observed between 
the other groups based on the mean ΔE parameter 
(P>0.05). 
By using a one-way analysis of variance and Tukey’s mul-
tiple comparison test, it was found that the mean EΔ was 
significantly higher in the 980-nanometer laser groups 
with a flat top beam profile and a Gaussian beam profile 
than in the other groups (P<0.05). 
 
 
Discussion 
 
In this study, we investigated the impact of two different 
wavelengths (810 and 980 nanometers) of diode laser with 
both flat top and Gaussian beam profiles on dental bleach-
ing in a clinical setting. We evaluated the color change of 
teeth immediately after bleaching using the CIELab color 
change system. One critical factor that affects bleaching 
is the concentration of hydrogen peroxide (19). To more 
accurately examine the effect of wavelength and beam pro-
file, we used the same bleaching gel containing 40% hy-
drogen peroxide in all groups in this study. 
Our results showed that the greatest amount of color 
change (ΔE) occurred in the two laser groups with a 980-
nanometer wavelength, with the flat top beam profile 
(ΔE=5.35) and the Gaussian beam profile (ΔE=5.02). 
These changes were significant compared to other groups. 
Studies have shown that spectrophotometry is 2- 5 times 
more likely to achieve color matching than visual 
methods, and the reproducibility of color determination 
is also higher with spectrophotometry.20-24 Therefore, in 
our study, we used a spectrophotometer to evaluate color 
changes. 
The CIELab color classification system determines the de-
gree of change using ΔE, which has a specific calculation 
formula. The color change ΔE must be at least 3.3 to be 
clinically detectable.1,25 Based on this parameter, bleaching 
caused significant color changes in all study groups. 
We found no difference in color changes between the 810-
nanometer wavelength group and the control group in our 

study. However, in the 980-nanometer wavelength group, 
color changes were higher than in the 810-nanometer 
wavelength and control groups. This appears to be related 
to the principle that absorption of the Diode laser in water 
at 980 nanometers is higher than at 810 nanometers.12 
Higher laser absorption at 980 nanometers leads to a 
greater increase in the temperature of the bleaching gel 
and an increase in bleaching effectiveness.  
Other similar studies have reported conflicting results. In 
Ahrari’s study,26 the 810-nanometer wavelength Diode 
laser with a power of 3 watts, and in Saeedi’s study,10 the 
810-nanometer wavelength Diode laser with a power of 
1.5 watts showed no significant difference in color change 
compared to the control group. In Ehrari’s study, using 
the twice 30-second irradiation regimen with a 10-minute 
interval did not show a significant difference compared to 
the chemical activation method with a twice 20-minute 
gel application regimen. However, in Shababi’s study,11 
the 810-nanometer wavelength Diode laser with a power 
of 1.5 watts, and in Fekr-Azad’s study,27 the 810-nano-
meter wavelength Diode laser had better results compared 
to the chemical activation group. 
In a study conducted by Al-Karadaghi,28 it was found that 
a 980-nanometer wavelength Diode laser with a power of 
7 watts resulted in a greater color change compared to the 
control group. However, Surmelioglu’s study29 and 
Saeedi’s study10 showed no significant difference between 
the chemical activation method and a 980-nanometer 
wavelength Diode laser with a power of 7 watts or 1.5 
watts respectively. 
In this study, there was no significant difference in color 
change between the 810-nanometer wavelength Diode 
laser groups with flat top and Gaussian beam profiles. 
Similarly, there was no significant difference between the 
980-nanometer wavelength Diode laser groups with flat 
top and Gaussian beam profiles, suggesting that beam pro-
file type does not affect bleaching. At present, no studies 
have been found that compare the effectiveness of differ-
ent laser beam profiles in bleaching. 
One limitation of this study was the inability to follow 
up on long-term teeth changes to assess the stability of 
color changes. Additionally, no similar studies were 
found for comparison. Therefore, it is recommended 
that further studies be conducted to examine beam pro-
file radiation in bleaching using various lasers and dif-
ferent implementation methods. Long-term follow-up 
studies should also be conducted to compare different 
beam profiles’ effects on side effects such as increased 
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sensitivity after bleaching and increased pulp tempera-
ture. Various studies have reported different results for 
these side effects using different lasers; therefore, con-
ducting studies on these side effects with different beam 
profile radiation types is advisable. 
 
 
Conclusions 
 
Based on the results of this study, it can be concluded that 
the use of a 980-nanometer wavelength Diode laser pro-
duces better results in dental bleaching in the clinic. The 
810-nanometer wavelength did not show a significant dif-
ference in color change compared to the non-laser 
method. However, it should be noted that the bleaching 
time with laser use is less than without, which can make 
patients more comfortable. This study shows that beam 
profile radiation type does not affect the effectiveness of 
lasers in bleaching. Given the high cost of using flat-top 
beam profiles, a Gaussian beam profile can be used in 
Diode laser bleaching. 
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