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Abstract

Introduction: Bleaching process can affect surface roughness of enamel, which is a vital
factor in esthetic and resistance of tooth. The aim of this study was to compare surface
roughness of enamel in teeth bleached using Diode and Neodymium-Doped Yttrium
Aluminium Garnet (Nd: YAG) lasers with those bleached using conventional method.

Methods: In this study, 75 anterior human teeth from upper and lower jaws (These teeth

extracted because of periodontal disease) were randomly divided into 5 groups. Group 1:
Laser white gel (Biolase, USA) with 45% hydrogen peroxide concentration and GaAlAs
Diode laser (CHEESE™, GIGAA, China), group 2: Heydent gel JW, Germany) with 30%
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Hydrogen peroxide concentration and Diode laser, group 3: Laser white gel and Nd:YAG

laser (FIDELIS™, Fotona, Slovenia), group 4: Heydent gel and Nd:YAG laser and group 5:
The Iranian gel Kimia (Iran) with 35% hydrogen peroxide concentration were used. Surface
roughness of the samples was measured using the Surface Roughness Tester system (TR
200 Time Group, Germany) before and after bleaching. In each group, one sample was
randomly selected for SEM analysis.

Results: The results showed that the mean surface roughness of the teeth before and after
bleaching had a significant difference in all the study groups. It was indicated that after
bleaching, the mean surface roughness had increased in all the study groups. The highest
surface roughness was seen in the conventional bleaching group and the lowest surface
roughness was reported in group 3 (laser white gel + diode laser), in which the average
surface roughness increased by only 0.1 pm.

Introduction

Today, there is a worldwide trend towards esthetic treat-
ments for tooth discoloration. Extrinsic or intrinsic stains
can cause tooth discoloration. While polishing with rub-
ber cap is used to easily remove extrinsic stains, bleach-
ing, veneers, laminates and ceramic restorations are used
to treat intrinsic discoloration.!

Bleaching is the most conservative esthetic treatment for
tooth discoloration which has some advantages compared
to other treatments like cost efficiency and no need for
tooth preparation.?

In-office bleaching is carried out using hydrogen perox-
ide at concentrations ranging 30% to 40%, or carbami-
de peroxide 35% to 37%. Light sources are being used to
increase the free radicals of bleaching agents in the pro-
cess. Today, due to the high demand of patients for quick
and effective results, lasers such as diodes, Neodymi-
um-Doped Yttrium Aluminium Garnet (Nd: YAG) and
Erbium-Doped Yttrium Aluminium Garnet (Er: YAG)

Conclusion: It was concluded that using the Laser white gel and the diode laser for
bleaching resulted in the least surface roughness compared to conventional method.
Keywords: bleaching; micro roughness; hydrogen peroxide; laser.

laser have been introduced as light sources.

Bleaching treatment may cause morphological changes
and demineralization in mineralized structures.* This
alteration in tooth structure can lead to change in enam-
el micro-hardness and micro-roughness,” which can be
assessed by micro-hardness and micro-roughness tests.
These changes in the enamel are still a controversial and
conflicting subject in the literature.®

Bitter in its study concluded that bleaching can cause
obvious changes in the enamel morphology, such as de-
creased thickness of exposed prismless enamel, deminer-
alization of enamel prisms and increased surface porosi-
ty.” Although Xu et al did not detect any morphological
and surface chemical composition changes after bleach-
ing with neutral and alkaline bleaching solutions.®

If overbleaching happens, some side effects such as brit-
tleness and increased surface porosity can be produced.
Also, increasing the concentration of H O, enhances the
possibility of external root resorption.’
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Hence the aim of this study was to evaluate and compare
micro-roughness of the enamel of teeth bleached using
the diode and Nd: YAG lasers with those bleached using
regular method.

Methods

In this study, 75 maxillary and mandibular anterior teeth
with no caries or cracks were collected. These teeth ex-
tracted because of periodontal disease. The specimens
were stored in normal saline solution at 37°C after ex-
traction. The teeth were mounted in acrylic resin so that
buccal surfaces were exposed, then their pre-treatment
buccal surface micro-roughness was evaluated with a pro-
filometer (Surface Roughness Tester, TR 200 Time group
Germany) and they were divided into 5 random groups
as below:

Group 1: Bleaching with diode laser and Heydent gel
(30% Hydrogen peroxide concentration),

Group 2: Bleaching with Nd: YAG laser and Heydent gel,
Group 3: Bleaching with diode laser and laser white gel
(45% hydrogen peroxide concentration),

Group 4: Bleaching with Nd: YAG laser and laser white
gel, and

Group 5: Bleaching with Kimia gel (35% hydrogen perox-
ide concentration).

In group 1, the Heydent gel (production of Farafan Diag-
nostics Co, under license of Heydent, Germany Tehran
- Iran) with a 1 mm thickness was placed on the buccal
surface of the tooth, then diode laser (Wuhan Gigaa Op-
tronics Technology Co, LTD, China) was applied on the
gel for 30 seconds (810 nm, 1.5 W, 400 p fiber, continuous,
6 mm distance from the surface). After a 60 seconds inter-
val, the process was repeated and after that, the Heydent
gel was left on the buccal surface for 3 minutes and then
washed with distilled water.

In group 2, the Heydent gel with a 1 mm thickness was
placed on the buccal surface of the tooth, then Nd: YAG
laser (FIDELIS, Fotona, Slovenia) was applied on the gel
for 30 seconds (2.5 W, 25 Hz, 320 p fiber, 6 mm distance
from the surface). After a 60 seconds interval, the process
was repeated and after that, the Heydent gel was left on
the buccal surface for 3 minutes and then washed with
distilled water.

In group 3, the laser white gel ( Laser White 20, Biolase,
USA) with a 1 mm thickness was placed on the buccal
surface of the tooth, then diode laser was applied on the
gel for 30 seconds (810 nm, 1.5 W, 400  fiber, continu-
ous, 6 mm distance from the surface). After a 60 seconds
interval, the process was repeated and after that, the laser
white gel was left on the buccal surface for 3 minutes and
then washed with distilled water.

In group 4, the laser white gel with a 1 mm thickness was
placed on the buccal surface of the tooth, then Nd: YAG
laser was applied on the gel for 30 seconds (2.5 W, 25 Hz,
320 u fiber, 6 mm distance from the surface). After a 60
seconds interval, the process was repeated and after that,
the white laser gel was left on the buccal surface for 3 min-
utes and then washed with distilled water.

In group 5, only the Kimia gel (Kimia, Iran) was placed on
the buccal surface for 15 minutes and then washed with
distilled water.

The procedure of bleaching took 7 minutes and 30 sec-
onds in groups 1, 2, 3 and 4. All the specimens were dried
and then the enamel micro-roughness of the teeth was
evaluated using a profilometer.

One specimen from each group was randomly selected
for the electron microscope study (jsm829, Jeol, Tokyo,
Japan, 2000x).

Data were statistically analyzed using SPSS 15.0 package.
One-way analysis of variance (ANOVA) and Tukey post
hoc tests were used to test the significance for the effects
of bleaching agent on surface roughness at P<0.05

Results

The micro-roughness mean values of the 5 study groups
before bleaching are shown in Table 1. The ANOVA test
did not indicate any significant difference between mi-
cro-roughness mean values in all 5 groups before bleach-
ing (F,,,=0.102, P=0.98). The micro-roughness mean
value in all 5 groups was 1.54+0.48 pum.

The micro-roughness mean values of the 5 study groups
after bleaching are shown in Table 2. According to the
ANOVA test results, the micro-roughness mean value of
each group, before and after bleaching showed a signif-
icant difference. There was an increase in micro-rough-
ness value after bleaching in all 5 groups compared to the
micro-roughness of specimens before bleaching which
means bleaching can increase the micro-roughness of
enamel regardless of the procedure. The highest increase
in micro-roughness belonged to group 5 (bleached with
conventional method) and the lowest increase belonged
to group 3 (bleached with diode laser and white laser gel).
According to the Tukey post hoc test results, the lowest
micro-roughness value belonged to group 3 (bleached
with diode laser and white laser gel). This group showed
a significant difference with all the other study groups ex-

Table 1. The Micro-Hardness Mean Values of the 5 Study Groups
Before Bleaching

Mean
(pm)
1.57  Group 1 (Bleaching with diode laser and Heydent gel)
1.56  Group 2 (Bleaching with Nd: YAG laser and Heydent gel)
1.51  Group 3 (Bleaching with diode laser and Biolase gel)
1.54 Group 4 (Bleaching with Nd: YAG laser and Biolase gel)
1.52  Group 5 or control (Bleaching with Kimia gel)

Group

Table 1. The Micro-Hardness Mean Values of the 5 Study Groups
After Bleaching

Mean
(pum)
1.98  Group 1 (Bleaching with diode laser and Heydent gel)
2.18 Group 2 (Bleaching with Nd: YAG laser and Heydent gel)
1.61  Group 3 (Bleaching with diode laser and Biolase gel)
1.76  Group 4 (Bleaching with Nd: YAG laser and Biolase gel)
2.33  Group 5 or control (Bleaching with Kimia gel)

Group
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cept for the group 4 (bleached with Nd: YAG laser and
white laser gel).The results also indicated that there was
a significant difference between group 5 (conventional
bleaching) with all the other groups except for the group 2
(bleached with Nd: YAG laser and Heydent gel). There was
not a significant difference between group 1 (bleaching
with diode laser and Heydent gel) and group 2 (bleached
with Nd: YAG laser and Heydent gel) (P=0.73), although
these 2 groups had significantly higher micro-roughness
compared to the groups 3 and 4 (bleached with diode la-
ser and White laser gel, bleached with Nd: YAG laser and
White laser gel) (P=0.01).

The SEM results were in accordance with micro rough-
ness results, bleaching with laser white gel and diode laser
increased the lowest surface roughness.

Discussion

Today, bleaching is a renowned esthetic process for dis-
coloration treatment. It is a procedure to remove stains
from dental structure.’ Hydrogen peroxide has long been
used as a gel in bleaching process. Bleaching treatment
can change the enamel micro-hardness and micro-rough-
ness.’ In this study, we evaluated 2 bleaching gel (Heydent
and white laser) with 2 light sources (Nd:YAG and diode)
and compared them with conventional bleaching (Kimia
gel). The result of this study indicated that using diode
laser would lead to less micro-roughness compared to the
conventional method.

Different studies have evaluated various light sources in
the bleaching process and some of them indicated that
using laser as a light source would lead to better results.'
In this study, it was concluded that using laser in bleach-
ing would take less contact time between gel and tooth
surface, and therefore it would produce more favorable
results regarding enamel micro-roughness. It was con-
cluded that white gel produces more favorable results
compared to Heydent gel and also diode laser as a light
source leads to less enamel micro-roughness compared to
Nd: YAG laser. The highest micro-roughness in conven-
tional method was due to the high pH level of Kimia gel
used in the process.

The results of this study were in accordance with the stud-
ies of Pinto etal," Dominguez etal,'? De Vasconcelos etal,"?
and Sasaki et al," which reported that in-office bleaching
increases surface roughness of enamel. The results of
the present study were in contrast with the results of
McGuckin et al,’ Mondelli et al'® and Borges et al'” which
indicated that in conventional bleaching procedure, the
enamel micro-roughness could not increase. The discrep-
ancy in these results may have been caused by different
light sources, different tooth type selection or other ma-
terial in the study and also storage of specimens in saliva.
In this study, the specimens were stored in distilled water
which does not have the remineralizing effect of saliva
due to fluoride. Also in this in vitro study anterior teeth
that were extracted because of periodontal disease, were
studied and hence the results could be somehow different
compared to clinical conditions.

Bleaching can cause structural changes in the enamel too,
besides the change in surface micro-roughness. The alter-
ation in the rate of absorbed water and the disintegration
in the enamel surface can lead to the stain accumulation
and discoloration.'”*

When the surface roughness of enamel is increased, some
adversities are expected as result, such as decrease in
enamel resistance, increase in enamel brittleness, perme-
ability and stain and plaque accumulation.?*

Some methods have recommended to increase gel con-
centration or working time in order to get more effective
results in bleaching. In this study, we were searching for a
bleaching method that could have the least adverse effects
on teeth, while helping us use a less concentrated gel in
a less working time to achieve safer and more favorable
result.

Using diode laser as a light source in bleaching has some
benefits such as less working time due to its in-depth ac-
tivity, more efficiency and safety due to its reaction with
specific chromophores in the bleaching gel.®

Regarding the limitations of this study and other previous
in vitro ones, it is necessary that further researches take
place to find a bleaching method with minimal side ef-
fects, simulating the clinical conditions.

Conclusion

Considering the limitations of this in vitro study it was
concluded that white laser gel produces more favorable
results compared to Heydent gel and also diode laser as
a light source leads to less enamel micro-roughness com-
pared to Nd: YAG laser. Therefore bleaching with white
laser gel and diode laser would lead to the most favorable
results while conventional bleaching increases enamel
surface roughness the most.

It is recommended that further researches study clinical
situations and in-vivo conditions such as storing spec-
imens in saliva instead of distilled water. Also it is sug-
gested to evaluate carbamide peroxide besides hydrogen
peroxide in the future studies.
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