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Abstract
Introduction: Tooth whitening or dental bleaching is a cosmetic
procedure that has established itself in Dentistry; however, the
staining because of the ingestion of some types of food may cause
several factors leading to the failure of this treatment. Objective:
This study aimed to evaluate in vitro the influence of the immersion
of whitened teeth in solutions with a high degree of pigmentation
on the efficacy of the bleaching performed with 16% hydrogen
peroxide. Material and methods: Fifty-six human teeth were selected,
bleached for 4 hours a day during 14 days and randomly divided
into 7 groups (n = 8). The groups G1/G2 and G3 were immersed
in coloring solutions immediately (IM) after bleaching (AP): G1
– tooth whitening + coffee (IM), G2 – tooth whitening + cola-based
soft drink (IM) and G3 – tooth whitening + red wine (IM); G4/and
G6 were immersed in the solutions for 2 hours (AP), G4 – tooth
whitening + coffee (AP), G5 – tooth whitening + cola based soft
drink (AP), G6 – tooth whitening + red wine and (AP) G7 – control.
After bleaching with an immersion time of 5 minutes, with the aid
of a digital spectrophotometer, the final color (FC) was measured 24
hours after the end of the bleaching treatment (day 15). Results: The
results for ANOVA showed no statistical differences in all groups.
Conclusion: There was no influence on the effectiveness of tooth
whitening immersed in coloring solutions.
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Introduction

Material and methods

The beauty standards presented by the media,
based on white and well aligned smiles with the
need to look good for acceptance in society, are
causing that the cosmetic procedures are the
most requested procedures in the dental office,
and functional procedures end up getting on low
priority [3, 13]. Among these procedures, tooth
whitening, which besides providing fast results and
being easily implemented, is considered minimally
invasive [12].
To succeed in the bleaching treatment is
necessary to identify the etiologic factor of the
darkening. The natural color of the teeth is altered
by extrinsic and intrinsic agents. As extrinsic agents,
it can be cited: excessive consumption of tobacco,
certain medications, chromogenic bacteria and dyes
from the diet, such as coffee, tea, wine, mate and some
soft drinks [21]. Intrinsic alterations have several
causing sources, such as malformation of dental
tissues, dental trauma, certain systemic medications
(tetracycline) and iatrogenic procedures [19].
The bleaching for vital teeth can be accomplished
by using two techniques: home bleaching and inoffice whitening. Basically, what differs one technique
from another is the time of whitening and the
concentration of the bleaching agents [13]. In the
home technique, low concentrations of the bleaching
agent are used, among which one can opt by the
carbamide peroxide or hydrogen peroxide. In the
in-office technique, highest concentrations of the
bleaching agent are used, and consequently, there is a
smaller time interval. The home bleaching technique
has been well accepted since it was described by
Haywood and Heymann, in 1989 [8].
In the bleaching process, the bleaching agents
act by releasing the oxygen into the dental structures
in a reaction so-called oxidation-reduction. This
process is directly related to the concentration
of the bleaching agent and the time in which the
enamel is in contact with the agent [1]. The dental
permeability associated with the low molecular
weight allows the oxygen to diffuse through the
enamel and dentin. On the other hand, the pigments
have a high molecular weight and longer chains that
in the bleaching process are broken into smaller
molecular chains [4, 9].
By starting the bleaching treatment, the patients
receive several recommendations, including dietary
restrictions, because there is not a given space of time
after the end of treatment so that we can introduce a
diet rich in foods and beverages with high potential
of pigmentation without any interference in the result.
Therefore, the aim of this study was to assess the
efficacy of the bleaching treatment associated with
the immersion in coloring solution.

This project was submitted and approved by the
Ethical Committee in Research of the Ingá School
under protocol number 0217.0.362.000-11.
Seventy-three human teeth, premolars and
molars free of caries and restorations, were stored
into 37% formaldehyde solution just after their
extraction. Next, the teeth underwent crown and
root scaling and planing through Robinson brush
and pumice. With the use of a spectrophotometer
(VITA Easyshade Compact), 56 teeth were selected
to meet the inclusion criteria: shade A3 or higher
saturation. The specimens were randomly selected
in six experimental groups and one control groups
(figure 1):

Figure 1 – Specimens embedded in dental wax plate

A f ter t he a ssi g n ment of t he g roups, a n
impression with alginate of each wax plate with
the respective teeth embedded was taken to obtain a
dental cast to construct an acetate tray in a vacuum
laminator (VH Equipamentos, Araraquara, Brazil).
To make the process easier, each tray was identified
with the number of the group it was assigned. The
color was determined through the parameters of the
international CIElab system (L* a* b*), in which L*
indicates the luminosity (its mean ranged from 0
– black to 100 – white), and a* and b* correspond
to the shade: a* represents the saturation at the
red-green axis and b* at the blue-yellow axis,
enabling the specificity of any color. With the use
of the digital spectrophotometer the initial values
of L*, a* and b* were determined through three
readings in the medium third of the buccal surface
of each tooth to obtain the mean of the initial color
of each tooth to be evaluated (CI).
After these separations, the teeth were submitted
to the bleaching process for 14 consecutive days.
They were in touch with the bleaching agent for 4
hours per day. This was accomplished by the 16%
carbamide peroxide gel (Whitegold Home, Dentsply,
Petrópolis, Brazil), applied through the tray onto
the buccal surface. After the determined period,
the trays were removed from the plates and washed
under running water.
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The groups were divided according to the coloring solution and the moment of the bleaching
immersion, as follows (table I):
Table I – Division of the groups according to the solution used

Group

Solution

Immersion into the solutions

Time of immersion

G1

Coffee

Immediately after bleaching

5 minutes

G2

Cola-based soda

Immediately after bleaching

5 minutes

G3

Red wine

Immediately after bleaching

5 minutes

G4

Coffee

2 hours after bleaching

5 minutes

G5

Cola-based soda

2 hours after bleaching

5 minutes

G6

Red wine

2 hours after bleaching

5 minutes

G7

Control

Only bleaching

Control

The samples were immersed into the coloring
solutions during 5 minutes (once per day), through
vibrating movements, with the aid of a vibrator
device (VH Equipamentos, Araraquara, Brazil).
Next, the samples were removed and carefully
washed i n runni ng water a nd i mmersed i n
artificial saliva (Medfórmula, Maringá, Paraná,
Brazil). The saliva composition was as follows:
KH2PO4 (25 mM) 100 ml + Na2HPO4 (24 mM)
100 ml + KHCO3 (150 mM) 100 ml + NaCl
(1.0 mM) 100 ml + MgCl2 (0.15 mM) 100 ml
+ CaCl2 (1.5 mM) 100 ml + Citric acid (0,002
mM) 6 ml.
At every 24 hours, the bleaching procedures
and the immersion in the solutions were performed.
The exposure to the coloring solutions occurred
during 5 minutes only once per day always after
the tooth bleaching.
Elapsed 24 hours after the treatment ending,
a new color analysis was performed at the same
place of the first analysis to determine the final
color (CF). The difference between CI and CF (ΔE)
was calculated according to the follow equation:
ΔE = [(Δa)² + (Δb)² + (ΔL)²]1/2. The values obtained
from ΔE were statistically evaluated by ANOVA and
Tukey test, with a level of significance of 5%.

Graph 1 – Initial (before bleaching) and final (after
bleaching and immersion) means for the coordinate L*

Graph 2 – Initial and final means for the coordinate a*

Results
The color alteration was statistically analyzed
through the coordinates of L*, a* and b*, in all
groups. In graphs 1, 2 and 3 are shown the means
of each coordinate for each group evaluated. All the
groups were bleached and compared regarding to
the initial and final results.

Graph 3 – Initial and final means for the coordinate Δb*
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The values of ΔL*=L*final- L*initial, Δa*=a*finala*initial and Δb*=b*final-b*initial were converted to
obtain ΔE*= [(ΔL*)2 + (Δa*)2 + (Δb*)2] 0.5. ANOVA
was applied to observe if there was statistical
significance among the analyzed groups. There
was no statistical differences among groups ΔE
(p = 0.2332) (table II). Also, there is no significant
statistically difference when the values were
individually analyzed ΔL (0.3026), Δa (0.3709) and
Δb (0.0747).
Table II – Mean and standard deviation values of the
groups

Groups

ΔE and sd

G1

15.36±1.01
14.90±0.83
14.98±1.05
15.99±1.37
14.59±2.50
16.12±1.07
15.39±1.17

G2
G3
G4
G5
G6
G7

Thus, based on the results presented, the
coloring solutions had no significant influence on
the process of tooth whitening.

Discussion
The aim of this study was to investigate in
vitro if the contact of the tooth after being whitened
through the home technique with 16%carbamide
peroxide with high potential coloring solutions
jeopardize the results of the bleaching treatment.
It is highlighted that for this procedure, the intake
of food and/or beverages that have a high content
of dye should be avoided. The use of food dye is
contraindicated during the bleaching treatment.
However, most patients ultimately did not follow
this recommendation.
In the literature there are few studies related
to this subject, most studies used bovine teeth
for analysis. Bovine teeth have lower permeability
compared to human teeth. According to Schmalz
et al. [18], the permeability of bovine teeth becomes
half of that found in human teeth. One possible
explanation is that the density of the bovine dentinal
tubules is greater [17]. Therefore, in this study,
human teeth were used for clinical simulation.
For this study, we selected three solutions with a
high degree of pigmentation: coffee, red wine and
cola-based soda. These solutions are among the
most cited drinks in the literature as the causes

419

of extrinsic staining, however, they can become
as intrinsic stains when they penetrate into the
enamel microporosities [3]. Caneppele et al. [5]
conducted a study with the same solutions, and
Teo et al. [20] also included black tea. Cardoso et
al. [6] used only coffee, Attin et al. [2] used only
black tea and in the study of Ley et al. [11], they
used red wine.
In this process, the immersion time in the
coloring solution was 5 minutes to simulate the
time consumption in the general population. In
the study of Caneppele et al. [5] the immersion
totalized10 minutes daily, divided into two moments.
In the study of Cardoso et al. [6] the specimens
were immersed into coffee, 5 times per day during
60 seconds. Attin et al. [2] left the specimens
immersed into black tea for10 minutes. These
aforementioned authors corroborate this study by
the fact that no significant statistically differences
were found between the color of the specimens.
However, further studies are necessary, since in the
studies cited the immersion time was relatively low.
A longer immersion time means, in practice, larger
or excessive consumption of substances containing
coloring agents, which can be a determining factor
in tooth staining. One observation is the work of
Téo et al. [20]: the samples remained in contact with
the coloring solutions for about 1 hour. However,
this does not occur in practice, and as a result,
all substances showed high potential for staining.
The immersion in artificial saliva containing
calcium and phosphate ions after bleaching and
immersion procedures was done to simulate the
oral environment and thereby remineralize the teeth
[16], likely to several other studies [2, 5, 6, 11].
The measurement of the color of the teeth
was carried out by the spectrophotometry method
which provides accurate data, compared to visual
evaluation, which is executed by comparing the
color of the tooth with resin or porcelain scales.
The color determination was carried out through
the CIE lab system (L*a*b*), in which L* means
luminosity and a* and b* indicates the color and the
saturation [7]; the mean of these measurements is
∆E, in which the statistical test was performed.
The medium third was used as a parameter for
the color reading because it best represents the color
of the teeth; the cervical third is more darkened
and the incisal third more translucent. Differences
in color among these regions are clinically and
statistically significant [20].
Although the results of this study show that
the dyes from the diet influenced on the results
obtained at the end of the bleaching treatment, it
is necessary to observe that the dietary restrictions
still must be recommended by the dentists so that
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there is not an intake excess of this type of diet by
the patients, since in this study we used a minimum
time of 5 minutes and these pigments were part of
extrinsic changes of the color of the teeth.

Conclusion
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