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Abstract

The aim of this study was to evaluate the surface roughness of resin impregnated area of tooth before
and after bleaching with different procedures. Buccal surfaces of extracted maxillary premolars were luted with
orthodontic resin cement and polished until smooth with tungsten carbide bur. Initial surface roughness of the
polished area was measured. Teeth were divided into 4 groups as follows: group 1) bleached with 10 % carbamide
peroxide 8 hours per day (15 days), group 2) bleached with 20 % carbamide peroxide 8 hours per day (9 days), group
3) bleached with 40 % hydrogen peroxide 3 cycles (2 cycles at day 1 and 1 cycle at day 6) and group 4) bleached
with 40 % hydrogen peroxide 2 cycles at day 1 and with 10 % carbamide peroxide 8 hours per day (9 days). Mean
initial surface roughness between groups was not statistically different. After bleaching, the surface roughness was
measured again. Data were analyzed using pair T-test and F-test one way ANOVA (p<0.05). Results revealed that
all bleaching methods significantly increased the surface roughness of the resin impregnated areas. However, there
was no significant difference between groups.
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Introduction

Tooth bleaching is a conservative treatment for
whitening the tooth color. Currently, there are various
approaches of tooth bleaching either in dental clinic or at
patient’s home with low and high concentrations of bleaching
agents.1–3 Mechanism of vital tooth bleaching is based on
hydrogen peroxide or chemical agents containing peroxides
due to their high oxidizing capability. The process starts
when hydrogen peroxide bursts into oxygen, water and

free radicals. These small radical molecules will diffuse
through enamel and dentin to oxidize chromophores inside
the tooth. Double bonds of the color molecules are broken
into single bonds leading to brightened color.2,4,5 Carbamide
peroxide is another tooth bleaching agent that decomposes
to 30% hydrogen peroxide and 70% urea. Hence, 10 % and
20% carbamide peroxide provide 3-3.5% and 6-7% of
hydrogen peroxide, respectively.1
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Tooth surface morphology could be affected
by bleaching process. Increasing surface roughness and
decreasing surface hardness were reported in previous
studies which used hydrogen peroxide and carbamide
peroxide.1–3 High concentration of bleaching agents induced
more changes of the enamel surface.4 This surface alteration
can lead to biofilm formation and tooth staining.6
In case of fixed orthodontic treatment, adhesive
cement still remains on tooth surface after bracket is
debonded. It will normally be polished out from the tooth
surface, but impregnated cement layer approximately
30-50 microns is left in the enamel.7 Surface of this hybrid
layer can be stained and appears as a spot on the tooth.8,9
Typically, this layer can finally be abraded out later by
brushing. However, some orthodontic patients need to
brighten their teeth immediately after the appliances
are removed. This cement-enamel layer acts as a barrier,
preventing the bleaching agent to diffuse inside the tooth.5-7
Bleaching on the resin impregnated area results in delayed
color changes compared to sound tooth structure.10 Nantanapiboon and Maneenut10 used low- and high-concentration
bleaching agents as well as several bleaching methods
for resin impregnated tooth bleaching. They reported that
prolongation of bleaching time was needed in resin impregnated site. The mismatched color between the resin
impregnated area and the surrounding area was initially
observed in the first week of bleaching and declined at
the later weeks. Time used for blending the color of resin

Figure 1 Silicone jig and bleaching tray preparation
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impregnated area and the color of surrounding tooth
depended on the bleaching agent concentration. The
period of mismatched color was reduced by using high
concentration of bleaching agents.
At present, there is no data about the effect
of bleaching agent on resin impregnated area on tooth
surface whether there will be less or more roughness
after bleaching. Therefore, the aim of this study was to
investigate whether different bleaching methods and
different concentrations of bleaching agents could affect
surface roughness of resin impregnated area of the tooth.

Materials and methods

Extracted human maxillary premolars were
collected. Teeth were cleaned using dental scaler and
polished with fine pumice slurry using a low-speed handpiece.
They were inspected for signs of cracks, decay and restoration
by stereomicroscope (Stereo Microscope SZ61, Olympus,
Japan). Forty sound teeth were included into the experiment.
The selected teeth were stored in 0.1% thymol solution
at 37 degrees Celsius.
Teeth were mounted on acrylic resin blocks and
individual silicone jig, 1 mm thick, was prepared. Circular
hole, 6 mm in diameter, was made on the silicone jig at
buccal surface of the tooth for locating the experimental
area. Bleaching tray with 1 mm space at buccal aspect was
also fabricated. Positioning of silicone jig and bleaching
tray on each tooth could be repeated. (Fig. 1)

Figure 2 Resin Impregnated layer preparation

Resin Impregnated layer preparation (Fig. 2)
The silicone jig was placed on the tooth and buccal
area in the hole was etched with 37% phosphoric acid
for 30 seconds, rinsed with spray-water for 30 seconds,
completely air-dried with air spray for 10 seconds, primed
and luted with clear light-cured orthodontic adhesive
cement (Transbond XT, 3M/Unitek, Monrovia, CA, USA)
about 0.5 mm thick. The cement was pressed against
tooth surface using a transparent cylindrical crystal, 6 mm
in diameter and 2 mm in height. Light (1,100-1,330 mW/mm2)
from light curing unit (DemiTM Plus, Kerr, USA) was applied
through the crystal for 40 seconds. The cylindrical crystal
and silicon jig were removed from the tooth and light from
light curing unit was applied on cement for 20 seconds.
Specimen was stored in distilled water at 37 degrees Celsius
for 24 hours.
The on-surface cement polishing was carried out
with a slow speed 30-fluted tungsten carbide bur (Shofu
dental corporation, Japan) without water.11 The bur was
changed after polishing 5 specimens. The polishing was
stopped when the cement was reduced to the same
level of tooth surface and its smoothness was checked
by dental explorer. The specimen was polished with nonfluoride pumice for 30 seconds and rinsed with 20 ml of
distilled water. The resin impregnated area was confirmed
using stereomicroscope (Stereo Microscope SZ61, Olympus,
Japan) at X40 magnification. (Fig. 3)

Figure 3 Resin impregnated area

Initial surface roughness at the polished area was
measured using a non-contact surface roughness tester
(Infinite Focus SL, Alicona. Austria). Roughness average
(Ra) value was calculated from 3 measurements. Surface
texture measurement (Sa) value was also calculated.
Teeth were divided into 4 groups, means initial surface
roughness of which were not statistically different.
Bleaching protocols
Teeth in each group were subjected to 4 bleaching
methods, according to the previous study results.10 (Table 1)
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Table 1 Bleaching protocols
Group

Bleaching agent

Bleaching time

1

Opalescence 10% carbamide peroxide, Ultradent, USA
(Home-bleaching)

8 hours per day, 15 days

10

2

Opalescence 20% carbamide peroxide, Ultradent, USA
(Home-bleaching)

8 hours per day, 9 days

10

3

Opalescence Boost 40% hydrogen peroxide, Ultradent, USA
(In-office bleaching)

2 cycles at day 1 and repeated 1
cycle at day 6

10

4

Opalescence Boost 40% hydrogen peroxide, Ultradent, USA
(In-office bleaching) and
Opalescence 10% carbamide peroxide Ultradent, USA
(Home-bleaching)

2 cycles of in-office bleaching at day 1,
followed by 8-hour home bleaching per
day for 9 days

10

For group 1 and 2, bleaching tray with gel was
applied to the tooth for 8 hours per day for 15 days and
9 days, respectively. After 8-hour bleaching on each day,
tray was removed, gel was rinsed out and tooth was stored
in non-fluoride artificial saliva (Artificial saliva, Faculty of
Dentistry, Chulalongkorn University, Thailand) at 37 degrees
Celsius for 16 hours.
For group 3, the bleaching tray with gel was
applied to the tooth for 2 cycles (20 minutes per cycle)
at day 1.12 The tray was removed, gel was rinsed out
and the tooth was stored in non-fluoride artificial saliva
at 37 degrees Celsius for 5 days. The other bleaching
cycle was done at day 6. In group 4, 2 bleaching cycles
(20 minutes per cycle) were done at day 1 followed by
home bleaching for 8 hours per day for 9 days. After each
bleaching session, the tray was removed, gel was rinsed
out and the tooth was stored in non-fluoride artificial
saliva at 37 degrees Celsius.
After bleaching procedure was done, the surface
roughness of resin impregnated area in all groups was
re-measured.

Teeth

The research proposal was approved by Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University. The study code was HREC-DCU2020-081.

Statistical Analysis

The data was analyzed by SPSS version 26.0
with a 95 % confidence interval to indicate the significant
difference using paired t-test and F-test one way ANOVA.

Results

F-test one way ANOVA revealed that before
bleaching, resin impregnated surface roughness (Ra and Sa
values) of all groups were not significantly different (p>0.05)
(Table 3). After bleaching, pair T-test revealed that surface
roughness of all groups was significantly increased (Table 2).
However, F-test one way ANOVA showed that
the increasing of roughness was not statistically different
among groups (Table 3).
Surface roughness images revealed smooth resin
impregnated surface of all groups before bleaching. The
surfaces were rougher after bleaching (Fig. 4).

Table 2 Surface roughness, before and after bleaching
Material

Group 1
10% Carbamide peroxide

4

Ra
Before
bleaching

After
bleaching

Mean (SD)

Mean (SD)

514.44 nm.
(92.89)

946.11 nm.
(107.85)
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Sa
p - value
0.013*

Before
bleaching

After
bleaching

Mean (SD)

Mean (SD)

985.89 nm2
(93.69)

1526.54 nm2
(249.21)

p - value
0.003*

Table 2 Surface roughness, before and after bleaching (cont.)
Material

Ra
Before
bleaching

After
bleaching

Mean (SD)

Mean (SD)

Group 2
20% Carbamide peroxide

532.16 nm.
(61.07)

950.98 nm.
(138.42)

Group 3
40% Hydrogen peroxide

535.17 nm.
(37.60)

Group 4
40% Hydrogen peroxide follow by
10% Carbamide peroxide

514.19 nm.
(60.77)

Sa
Before
bleaching

After
bleaching

Mean (SD)

Mean (SD)

0.025*

998.93 nm2
(89.27)

1602.47 nm2
(270.09)

0.041*

937.75 nm.
(187.67)

0.050*

1009.40 nm2
(76.46)

1492.93 nm2
(325.57)

0.047*

809.88 nm.
(97.44)

0.011*

982.88 nm2
(88.30)

1384.48 nm2
(297.26)

0.031*

p - value

p - value

* Means of surface roughness before and after bleaching for each group

Table 3 Demonstrated the p-value of Ra and Sa before and after bleaching
Ra

Between groups

Sa

Before bleaching
(p–value)

After bleaching
(p–value)

Before bleaching
(p–value)

After bleaching
(p–value)

0.670

0.204

0.893

0.454

Figure 4 Represented images of resin impregnated surface area, before and after bleaching
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Discussion

Using the non-contact surface roughness tester
in this study could avoid the scratched surface of the
specimen and could measure the roughness at the deep
level. Apart from the scale of roughness average (Ra) and
surface texture value (Sa) reported, 3D image of the surface
could be generated. The principle of this tester is that
laser light emits from the light source to the measured
surface and reflects to the charge-coupled device camera
to assess the roughness of the specimen.12
This present study found that using either 10%
or 20% carbamide peroxide or 40% hydrogen peroxide or
40% hydrogen peroxide combined with 10% carbamide
peroxide increased the roughness of resin impregnated
surface. Without SEM picture of the polished surface, it
could be speculated that after on-surface cement was
polished to the level of enamel, the surface of this resin
impregnated layer should consist of exposed enamel
and resin. Orthodontic resin cement’s components are
similar to those of resin composite filling material. The
matrix part comprises bisphenol A-glycidyl methacrylate
(Bis-GMA), triethylene glycol dimethacrylate (TEGDMA)
and camphorquinone. The fillers are inorganic silica 77 %
by weight and also contain phosphorous hexafluoride.13
Reaction to bleaching of the surface may be similar to
that of sound tooth structure and resin composite. Previous
study revealed that the effect of both 10% CP and 40%
HP increased the surface roughness of resin composite.14
This may be accounted for by that the peroxide containing
compound decomposing from the bleaching agent oxidized
the remaining double bonds of the polymer chains. According
to the study of Durmer and colleagues15, they discovered
that hydrogen peroxide reacted with not only the double
bonds, but also the single bonds in resin composite
polymer. This may cause resin matrix degradation and
dissolution. This phenomenon may be increased in the
present study due to the immersion of the tooth sample in
artificial saliva for a period of time during bleaching. Water
sorption of the resin impregnated layer could degrade
the resin matrix.16 Moreover, free radicals derived from

6
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the peroxide compound affected at the resin matrix–filler
interface resulting in the dislodgement of the filler. The
stress occurred from the water absorption of resin composite
was another factor for the dislodgement of resin the filler.
On the other hand, Londono17 studied the effect of vital
tooth bleaching on the solubility and roughness of dualcured and self–adhesive resin cement (Rely X ARC and
Rely X Unicem) for crown cementation (Rely X ARC and
Rely X Unicem) and found that the in-office bleaching
agent, 38% hydrogen peroxide, and the home bleaching
agent, 20% carbamide peroxide, did not affect the resin
cement surface roughness. The authors explained that
the self-cured resin cement would create the rigid and
stable network so the oxidation reaction of bleaching agent
could not proceed.
Bleaching agents have the capability to increase
surface roughness of the intact enamel. Previous study18
revealed that higher concentration of the bleaching agent
created more roughness after using 35% carbamide peroxide.
The chemical agents in bleaching gel could lead to a loss of
calcium and alter the Ca to P ratio on the tooth surface.19
Bleaching agents might also enlarge gapsbetween enamel
prisms, creating invasive tract to the surface. However, the
damages have not been detected macroscopically or
clinically visible. In contrast, 10% carbamide peroxide agent
does not affect the enamel surface.
Tooth bleaching agents normally have neutral
20
pH. The differences among them are only the chemicals
and concentrations that are used for initiating the free radicals.
Duration of the bleaching procedures in this present study
was from the result of the previous study10, which was
different for each group. According to the manufacturers’
recommendation, the high concentration of bleaching
agent, such as 40% hydrogen peroxide, has less tooth-contact
time than the lower concentrations, i.e. 10% and 20%
carbamide peroxide. The increase in roughness (Sa and Ra)
of all groups in this study were not statistically significant
(Table 3). This finding implies that the total amount of free
radicals released from each group was comparable and

affects the surface roughness in the same rate. Nevertheless,
if the contact time of all the groups had been the same,
some differences would have occurred.
This study used the customized tray to carry the
bleaching agent for the in-office bleaching, called “Sealed
in office bleaching”. This method was introduced to control
the amount of peroxide in the oral situation21 as in this study
to control the amount of gel for each tooth. Previous study
showed that using a customized tray with 35% hydrogen
peroxide in the in-office method did not affect the level of
sensitivity reported by the patient during the procedures.
However, this technique may increase the chances and
intensity of tooth sensitivity for the first 24 hours after the
completion of the procedure.21
Nowadays, many bleaching approaches have
been provided to achieve the most effective way of tooth
whitening. The combination between in-office and homebleaching methods (group 4) is recommended. Tooth whitening
starts with in-office bleaching followed by continuous homebleaching. Previous studies found that the combination
of both methods reduced the risk of tooth sensitivity and
gingival irritation. Moreover, the final whitened tooth appeared
faster than using single individual mean.22
The present study did not evaluate the amount
of peroxide penetrating into the tooth. The previous study
by Benetti and colleagues.23 revealed that the bleaching
agents could enter the pulp through enamel and dentin
after bleaching for 60 minutes. However, there was no
report of penetration of bleaching agents through both
resin composite and dentin into deeper area of the tooth.
Since this resin impregnated layer is hybrid layer which
has different properties from enamel and resin cement.
Therefore, the outcome of bleaching on this layer may
not be similar to that on the enamel or resin composite
Tooth bleaching process contributed to tooth
surface changes24–26 and altered the surface characteristic
of resin composite and glass ionomer cement.27 From the
present study, the surface roughness of resin impregnated
area was increased after bleaching which may lead to more
biofilm and bacterial accumulation. Previous studies showed

that the rougher surface of resin composite and resinmodified glass ionomer cement promoted cariogenic
bacteria (i.e., Streptococcus mutans and Streptococcus
sanguinis) biofilm adhesion after tooth bleaching. All of
these bacteria are the pathogenic bacteria that may cause
dental caries.14,28,29
In a clinical situation, the use of high concentration
of hydrogen peroxide may cause the patient discomfort
or tooth sensitivity during bleaching procedure. This side
effect seems to be higher in hydrogen peroxide treated
teeth compared to carbamide peroxide treated teeth due
to the ability of hydrogen peroxide in producing more
free radicals.1,3-5 The result of the present study showed
that there was no significant difference of roughness
among groups of different methods used as shown in
figure 4. Therefore, the use of a non-aggressive bleaching
agent such as 10% carbamide peroxide seems to be more
appropriate regarding tooth sensitivity. Moreover, it is
recommended to re-polish the resin-impregnated surface
after bleaching with fine and superfine polishing discs to
decrease the roughness of the surface.

Conclusion

The surface roughness of resin impregnated area
of tooth is influenced by bleaching procedures. All bleaching
methods induce significantly increased roughness, but the
final roughness is not significantly different between methods.
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