
Influence of Staining Solutions on
Color Change and Enamel Surface

Properties During At-home and
In-office Dental Bleaching:

An In Situ Study

NR Carlos � AVD Pinto � FLB do Amaral � FMG França � CP Turssi � RT Basting

Clinical Relevance

The consumption of cola and coffee can affect the color change of enamel during both at-
home and in-office bleaching treatment. In addition, the consumption of cola changes the
microhardness, roughness, and micromorphology of the enamel surface.

SUMMARY

The purpose of this in situ study was to

evaluate the influence of staining solutions

(coffee and cola) on the color change, micro-

hardness, roughness, and micromorphology of

the enamel surface during at-home and in-

office dental bleaching. One hundred and

thirty-five enamel bovine blocks were pre-

pared to perform the evaluations. Fifteen vol-

unteers used an intraoral appliance with nine

enamel blocks for 15 days. The enamel blocks

were randomly assigned among the different

groups according to the three treatments: in-
office bleaching with high hydrogen peroxide
concentration (Opalescence Boost PF 40%, Ul-
tradent) for 40 minutes in three sessions (first,
eighth, and 15th days of treatment), at-home
bleaching with low carbamide peroxide con-
centration (Opalescence PF 10%, Ultradent) for
60 minutes daily for 15 days, and a control
group (no bleaching agent applied). The enam-
el blocks were immersed daily in different
staining solutions (coffee or cola) for 30 min-
utes for 15 days or were not submitted to
staining (control) to obtain a factorial scheme
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(333) of the dental bleaching treatment and
staining solution (n=15). The microhardness
analyses (Knoop), roughness evaluations (Ra),
surface micromorphological observations, and
color measurements (using the CIELAB system
and the VITA Classical scale) were made before
and after the bleaching treatments to assess
immersion in staining solutions. Mixed model
tests showed that there was a decrease in
enamel microhardness after exposure to cola
compared with coffee and the control group
(p,0.0001) for both bleaching techniques.
Roughness was higher for the cola groups
(p,0.0001), and there was no significant dif-
ference between the coffee and the control
groups. Generalized linear models showed that
when no staining solution was applied, lighter
color scores were found for the VITA Classical
scale (p,0.0001). Without the staining solu-
tions, there was an increase in luminosity (DL)
(p=0.0444) for in-office bleaching. Lower val-
ues of Da (p=0.0010) were observed when the
staining solutions were not used. The Db
(p=0.3929) did not vary significantly between
the bleaching agents, but when cola was ap-
plied, the values were significantly higher
than for the control (p=0.0293). Higher values
of DE (p=0.0089) were observed for in-office
bleaching without staining solutions, while
lower values of DE were observed for the in-
office associated with coffee immersion. Re-
gardless of whether being submitted to bleach-
ing, the enamel stained with cola showed a
decrease in microhardness, an increase in
roughness, and changes in the micromorphol-
ogy. The efficacy of the bleaching agents was
greater when no staining solution (cola or
coffee) was used, and in-office bleaching
showed greater color change than the at-home
bleaching technique.

INTRODUCTION

The color of dental elements can be modified
noninvasively with dental bleaching procedures
using either carbamide peroxide or low-concentra-
tion hydrogen peroxide (in the at-home treatment) or
else using high concentrations of hydrogen peroxides
(for in-office bleaching), which leach out the chro-
mophores present in the dental structure.1 In dental
bleaching, carbamide or hydrogen peroxides release
oxygen and perhydroxyl free radicals, capable of
diffusing through the dental structure, breaking
down the large and pigmented molecules (chromo-

phores) into smaller molecules, modifying the reflec-
tion of the wavelength of light, and consequently
altering tooth coloration.2

In addition to color change, changes of a micro-
morphological nature may be associated with the use
of bleaching agents of low or high concentration,
including enamel erosion or porosity3-6 and greater
enamel surface roughness3,6-8 and permeability.9

These changes may be associated with decreased
enamel microhardness and loss of mineral con-
tent.4,8,10 They occur due to the composition of
bleaching agents, concentration of the peroxide used,
pH, application time, storage medium (water or
saliva), and protocols of the bleaching techniques. In
this respect, surface micromorphology changes have
been observed when using agents with higher
concentrations of hydrogen peroxide9 and lower pH
values.5,11 These surface changes could lead to
greater roughness and consequent higher adhesion
of biofilm and pigments to the enamel,12 thus
compromising bleaching efficacy.

For this reason, patients undergoing dental
bleaching have been cautioned to avoid food and
drinks rich in coloring agents, such as coffee, red
sauces, red wines, tea, and chocolate.13 Although
Matis and others14 observed that the consumption of
pigmented food and beverages was not related to less
bleaching effectiveness, they did not evaluate a
control group with patients who did not have a diet
free of pigmented foods or beverages for comparative
purposes. An in vitro study by Liporoni and others15

found that the consumption of wine after tooth
whitening with 35% hydrogen peroxide led to the
staining of the enamel structure. In contrast, Attin
and others16 demonstrated that a tea solution used
for 10 minutes at different time intervals during
bleaching with 10% carbamide peroxide did not
influence the enamel color.

Among the pigmented drinks consumed by the
population, coffee has high penetration and presence
in Brazilian and American households. In 2017, 1.07
tons were consumed, putting Brazil right behind the
United States in terms of consumption.17 Cola-based
soft drinks, especially Coca-Cola, also have broad
population penetration—worthy of note, it is one of
the most well known brands in the United States
and ranked first among the best beverages in 2010.18

Coffee and cola are listed as the leading solutions
causing tooth staining.19-22 This is because both
solutions present pigments that are adsorbed or
absorbed by the substrate23 in addition to having low
pH values that may potentiate dental staining: coffee
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is described as having a pH of about 5.5 24 and cola of
about 2.6.21

Some in vitro studies have evaluated the staining
caused by coffee or cola associated with the bleaching
treatment. When performing the bleaching tech-
nique with trays, Attia and others19 observed lower
color stability of the dental element when it was
exposed to coffee during tooth whitening with 16%
carbamide peroxide for 28 days. Coffee also caused
staining of the enamel after dental bleaching with
6% hydrogen peroxide in the study by Bazzi and
others20 De Araújo and others21 observed enamel
that was stained with cola for one hour after
bleaching with 10% hydrogen peroxide for 21 days.
In regard to the in-office bleaching technique, only
Mori and others22 evaluated in situ the effect of
coffee staining after bleaching with 35% hydrogen
peroxide and found no influence on color change.
Briso and others25 also evaluated in situ the effect of
staining with coffee and grape juice during bleaching
with 10% carbamide peroxide and observed no
difference in the final color at the end of the
treatments. In a clinical study, Rezende and others13

showed that exposure to coffee during bleaching
treatment does not seem to affect the degree of at-
home bleaching. However, no in situ study has
evaluated the effect of coffee and cola on at-home and
in-office dental bleaching treatments. In an in situ
study, which is considered a preclinical study, the
constant presence of saliva may influence the surface
characteristics of dental enamel bleaching and have
a remineralizing effect, and saliva may also deposit
pigments on the dental surface. The null hypotheses
to be tested were that there are no differences in
enamel’s 1) microhardness, 2) roughness, 3) micro-
morphology, or 4) color change between at-home and
in-office dental bleaching submitted to the tested
staining solutions (coffee and cola) or not submitted
to any solution.

METHODS AND MATERIALS

Sample-Size Calculation and Patient Selection

Fifteen participants of both sexes were selected for
this in situ study. The participants were selected
after performing a sample-size calculation, consider-
ing the experimental design as one of repeated
measures, in a 3 3 3 factorial scheme (solutions
and bleaching agents). The inclusion of 15 partici-
pants enabled a high degree of freedom (269) and
error (112) for the factors under study of ‘‘bleaching
agent,’’ ‘‘solutions,’’ and the interaction of ‘‘bleaching
agents vs solutions.’’ The error was also high (126)
for the ‘‘time’’ factor and for the interactions among

‘‘time’’ and the other factors. The G*Power soft-
ware26 for this experimental design (n=15) indicated
an effect size higher than 0.80 for a 5% level of
significance and a mean effect size of 0.25.27

Participants were included or excluded from the
study based on history taking and clinical examina-
tion. The inclusion criteria were between 18 and 30
years of age and the presence of at least 24 sound
teeth. The exclusion criteria were28 people wearing
dentures or fixed/removable orthodontic appliances,
pregnant or breast-feeding women, smokers, and
patients using medication that could reduce their
salivary flow.

Four men and 11 women having a mean age of
21.7 years participated in this study. An impression
of the upper arch was made for each volunteer, and a
mold was obtained in dental stone on which a
removable acrylic intrabuccal device for the palate
was placed. It contained niches of a little over 5 3 5 3

3 mm to position nine blocks of enamel.

Preparation of Enamel Slabs

Sixty freshly extracted bovine incisors were ob-
tained, cleaned, and stored in the freezer at -188C
until the experimental phase but no longer than
two months prior. Before use, the teeth were
thawed, and the roots were removed from the
coronary portion with double-faced diamond discs
(KG Sorensen, Barueri, Brazil). The crowns were
sectioned to obtain dental blocks (5.035.033.0 mm)
that were embedded in polyether resin (Maxi
Rubber, Campinas, Brazil) and polished (Ecomet
250 grinder, Buehler Ltd, Lake Bluff, IL, USA)
with adhesive abrasive paper (Buehler) using a
granulation of 600 and then 1200. The polishing
was performed with alumina suspension at 0.3 lm
(Alfa Micropolish, Buehler) and a felt cloth (Bueh-
ler). The enamel blocks were cleaned in an
ultrasound device with deionized water for 10
minutes to remove any residues as a result of the
polishing procedure. Afterward, the enamel blocks
were sterilized with ethylene oxide.25 Two hundred
enamel blocks were obtained at the end of this
phase.

Microhardness Measurements

Three Knoop microhardness indents were made
before applying the treatments, 150 lm from each
other, on the top surface of each enamel slab using a
microhardness tester (HVS-1000, Panambra, São
Paulo, Brazil) under a 25g load applied for five
seconds. The blocks selected presented microhard-
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ness values closest to the mean (376.44641.89 kgf/
mm2).

Roughness Measurements

Initial roughness measurements were performed
with a profilometer (Surftest SJ-210, Mitutoyo,
Suzano, Brazil) on the surface of the dental slabs.
The mean roughness (Ra) was measured with a
static load of 5 N and speed of 0.05 mm/s. The cutoff
value was 0.25 lm in a sequential mode, and the
measurement distance was 2.5 mm. Three tracings
were made on each specimen at different locations,
and the arithmetical mean was calculated. The
values were obtained and tabulated. The mean value
was obtained by selecting blocks of enamel with
roughness values closest to the mean (0.0460.01
lm). At the end of this phase, 138 enamel blocks
were selected for the experiment (135 for the micro-
hardness, roughness, and color analysis and three
for the baseline micromorphological analysis).

Color Analysis

The initial color of the enamel slabs was evaluated
with a spectrophotometer (Easyshade Advance,
VITA, Bad Säckingen, Germany) whose tip (with a
5.0-mm diameter) was placed at the center of the
enamel surface to ensure reproducibility. The eval-
uations were carried out in a location sheltered from
outside luminosity. The measurements were taken
in duplicate to improve accuracy. When the two
readings were the same for the VITA Classical scale,
the value obtained at the second reading was used. If
the two readings did not match, another measure-
ment was made to reach agreement between the two
readings.

All the color analyses regarding the parameters of
the VITA Classical scale and the Commission
Internationale de L’éclairage (CIE) color coordinates
were performed using a spectrophotometer, where
L* represents lightness, a* represents the point on a
red-green scale, and b* represents the point on a
yellow-blue scale (CIELAB).

Clinical Phase: Bleaching and Staining
Protocols

A week before the bleaching treatment began (run-in
period) and throughout the entire treatment, the
participants standardized the toothbrush (Colgate
Slimsoft, Colgate-Palmolive, São Bernardo do Cam-
po, Brazil) and dentifrice used (Colgate Maximum
Anticaries Protection, 1500-ppm fluoride toothpaste,
Colgate-Palmolive).

Nine enamel slabs were positioned in the appli-
ance according to the treatments to be applied,
randomly allocated in lines and columns (Figure 1).
The devices were delivered to the volunteers early in
the morning, together with instructions for daily use,
for a total of 15 days. The volunteers were told to use
the device throughout the day and night and remove
it only for meals. When the device was removed from
the oral cavity, it had to remain in a plastic box
wrapped in damp gauze.22 The device and the dental
blocks had to be brushed twice a day with toothbrush
and toothpaste, applied with 10 back-and-forth
movements on top of each row.

After the first four hours of use (in which there
occurred the formation of a pellicle of acquired
biofilm),29 the devices were collected by the research-
er for the application of bleaching agents (Table 1).
The enamel slabs on line 1 received the in-office
bleaching treatment with 40% hydrogen peroxide
(Opalescence Boost PF 40% [OPA40], Ultradent).
The enamel slabs in line 2 received no bleaching
agent (control). In line 3, the bleaching treatment
was performed with 10% carbamide peroxide (Opal-
escence PF 10% [OPA10], Ultradent) (Figure 1). In
applying the bleaching agents, 0.02 mL of each gel
was applied to the surface of the dental enamel,
taking care not to let the gel overflow and invade the
neighboring enamel blocks. OPA40 was applied only
on treatment days 1, 8, and 15; it had to remain on
the surface of the enamel for 40 minutes. OPA10 was
applied daily for 60 minutes, for a total of 15 days of
treatment (except on weekends, when no bleaching

Figure 1. Line 1: in-office bleaching (40% hydrogen peroxide); line 2:
no bleaching (control); line 3: at-home bleaching (10% carbamide
peroxide). Column 1: immersion in coffee; column 2: no immersion;
column 3: immersion in cola solution.
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treatment was performed). Removal of the bleaching
agents was done initially with gauze, followed by
washing with distilled water for 10 seconds.

After performing the bleaching treatments, the
device was inserted into the oral cavity to be used by
the research volunteer for two hours. After this time,
the devices were again collected for immersion of the
blocks into the staining solutions daily for a total of
15 days, except on weekends, where no spotting
treatment was performed.

The enamel slabs from column 1 (Figure 1) were
submitted to staining with coffee. The coffee was
prepared with 50 mL of hot water and one teaspoon
of soluble coffee (Nescafé Original, Nestlé, Araras,
Brazil), according to the manufacturer’s instruc-
tions. The enamel slabs were immersed into 30 mL
of the coffee solution (considering a volume of 10 mL
of solution per dental block) for 30 minutes daily,
simulating the contact of the coffee with the dental
structure for one day of consumption.19,22 After

immersion, the blocks were washed in distilled water
for 10 seconds. The enamel slabs from column 2 were
not submitted to any staining solution. Finally, the
slabs from column 3 were submitted to the cola
solution (Coca-Cola, Rio de Janeiro, Brazil) by
immersing them in 30 mL of this cola (considering
a volume of 10 mL of solution per dental block) for 30
minutes daily.

The pH for each bleaching agent and solution was
obtained by using a pH meter (MS Tecnopon Special
Equipment Ltd, Piracicaba, Brazil) and in triplicate.
The corresponding pH values obtained were as
follows: 6.64 for the at-home bleaching agent, 7.24
for the in-office bleaching agent, 2.51 for the cola,
and 4.78 for the coffee.

At the end of 15 days, the intraoral device was
collected on the morning following the last day of
treatment. A representative figure comparing the in
situ device before and after 15 days of use is
presented in Figure 2. The enamel blocks were

Table 1: Bleaching Agents, Compositions, and Manufacturers

Bleaching Treatment Composition (Percentage in Weight)a Mode of Use

OPA40, Opalescence Boost PF 40%
(Ultradent South Jordan, UT, USA) BCRFX

Hydrogen peroxide (,40), sodium fluoride (1.1-1.5),
potassium nitrate (,5), potassium hydroxide (,5)

40 min per session for three sessions
with 1-wk intervals between sessions

OPA10, Opalescence PF10% (Ultradent)
DO2J6

Carbamide peroxide (,20), polyacrylic acid (,10),
sodium fluoride (0.25), sodium hydroxide (,5)

60 min per day for 15 d

a According to the material safety data sheet of each product.

Figure 2. Representative images of the in situ device before and after 15 days of use. (A): In situ device before insertion into the oral cavity. (B): In
situ device after 15 days of use.
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removed from the intraoral device and stored in
Eppendorf tubes left in relative humidity for final
analysis of microhardness, roughness, and color.

Micromorphological Analysis of the Enamel
Surface

Three enamel blocks from each group (before and
after each combination of bleaching treatments and
staining solutions) were separated for analysis by
scanning electronic microscope (SEM) (LEO Electron
Microscopy, Oxford, England) to obtain representa-
tive images. They were submitted to gold sputtering.
Images were taken at 50003 magnification. A single
operator evaluated the enamel surface for the pres-
ence of erosion, irregularities, and depressions. The
examiner was blinded during the SEM evaluation.

Statistical Analysis

The color of the tooth was obtained according to the
VITA Classical scale and was converted into num-
bers according to numerical values previously estab-
lished in the literature:13 B1, A1, B2, D2, A2, C1, C2,
D4, A3, D3, B3, A3.5, B4, C3, A4, and C4. Note that
the smaller the numerical value, the brighter the
tooth appears. The values of DL*, Da*, and Db* were
calculated by comparing the baseline to the after-
treatment time period. After obtaining the values of
DL*, Da*, and Db* for each treatment, DE* was
calculated using the following mathematical formu-

la: DE* =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDLÞ2 þ ðDaÞ2 þ ðDbÞ2

q
, where DE* = the

color change, DL* = L*final � L*initial, Da* =
a*final� a*initial, and Db* = b*final� b*initial. The
color data in the VITA Classical scale and CIELAB

Figure 3. Representative enamel surface micromorphological features. (A): Baseline. (B): Coffee þ at-home bleaching. (C): Coffee þ in-office
bleaching. (D): Coffee þ no bleaching. (E): No solution þ at-home bleaching. (F): No solution þ in-office bleaching. (G): No solution þ no bleaching.
(H): Cola solution þ at-home bleaching. (I): Cola solution þ in-office bleaching. (J): Cola solution þ no bleaching.
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system did not meet the assumptions of a parametric
analysis and were analyzed by generalized linear
models considering the study design.

The microhardness data met the assumptions of a
parametric analysis. Roughness was determined by
performing logarithmic transformation. Mixed-mod-
el methodology was applied for repeated measure-
ments in a 3 3 3 (PROC mixed) factorial scheme for
microhardness and roughness. All analyses were
carried out using SAS software (version 9.2, SAS
Institute Inc, Cary, NC, USA) considering a 5% level
of significance.

RESULTS

There was no significant interaction among the
factors of type of bleaching treatment, staining
solution, and time period influencing microhardness
(p=0.1556), but there was a significant effect
resulting from the interaction between staining
solution and time period (p,0.0001). Microhardness
averages were not significantly different among the
treatments at the baseline time. At the final time
period (after the last bleaching session), the micro-
hardness of the enamel submitted to staining with

cola was significantly lower than that of the other
groups (p,0.0001), highlighting a significant de-
crease in microhardness (p,0.0001) in relation to
the initial time period regardless of whether bleach-
ing was performed (Table 2).

There was no significant interaction among the
factors of type of bleaching, staining solution, and
time period influencing roughness values (p=0.9112),
but there was a significant effect of these factors on
the interaction between staining solution and time
period (p,0.0001). At the beginning, there was no
significant difference among the treatments. Howev-
er, at the final time period, the roughness was greater
for the enamel submitted to cola (p,0.0001) and
increased significantly by the final time period
regardless of whether bleaching was performed
(p,0.0001) (Table 3).

There was a significant effect between staining
solution and time period for the VITA Classical
shade (p,0.0001) but no significant effect of the
interaction among the factors of bleaching treat-
ment, staining solution, and time period (p=0.5684).
In the groups where no staining solution was used, a
smaller color score was observed at the final vs the

Table 2: Microhardness Means (Standard Deviations) in kgf/mm2 According to Staining Solution, Bleaching Agent, and Time
Perioda

Time Period Solution Bleaching Agent

No Bleaching At-Home In-Office

Baseline Coffee 370.56 (40.84) Aa 377.53 (43.73) Aa 395.13 (49.24) Aa

Cola 396.00 (37.40) Aa 365.09 (36.94) Aa 375.93 (43.70) Aa

No solution 367.40 (36.59) Aa 370.22 (48.73) Aa 370.13 (35.62) Aa

Final Coffee 353.16 (98.86) Aa 364.69 (106.85) Aa 304.90 (85.90) Aa

Cola 121.44 (78.10) Abb 130.76 (77.71) Abb 116.76 (90.31) Abb

No solution 398.98 (116.51) Aa 339.77 (91.74) Aa 358.80 (99.47) Aa
a Means followed by different letters (uppercase horizontally and lowercase vertically, comparing solutions at each time period) differ among the time periods (p�0.05).
b Differ significantly from the baseline in the same conditions of bleaching agent and solution (p�0.05).

Table 3: Roughness Means (Standard Deviations) in lm According to Staining Solution, Bleaching Agent, and Timea

Time Period Solution Bleaching Agent

No Bleaching At-Home In-Office

Baseline Coffee 0.04 (0.01) 0.04 (0.01) 0.03 (0.01) a

Cola 0.04 (0.01) 0.03 (0.01) 0.05 (0.02) a

No solution 0.04 (0.02) 0.04 (0.01) 0.03 (0.01) a

A A A

Final Coffee 0.05 (0.06) 0.04 (0.02) 0.04 (0.02) b

Cola 0.20 (0.05)b 0.18 (0.05)b 0.21 (0.06)b a

No solution 0.04 (0.01) 0.04 (0.01) 0.03 (0.01) b

A A A
a Means followed by different letters (uppercase horizontally and lowercase vertically, comparing solutions at each time period) differ among each time period (p�0.05).
b Differ significantly from the baseline in the same conditions of bleaching agent and solution (p�0.05).
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initial time periods (p,0.0001). The color scores for
OPA40 were significantly lower than those of the
other treatments at the final time period (p=0.0034).
The enamel color scores were lower at the final time
period, when no staining solution was used
(p=0.0154) (Table 4).

When in-office bleaching was performed and no
staining solution was used, a greater increase in the
DL value was observed than for at-home bleaching
(p=0.0444). There was no significant difference
between the bleaching agents when they were
associated with the staining solutions. There was
also no significant difference between the bleaching
agents in regard to Da (p=0.8270), and lower values
were observed when no staining solution was used
(p=0.0010). The Db value also did not vary signifi-
cantly between the bleaching agents (p=0.3929) but
was significantly higher when cola was used
(p=0.0293). In contrast, higher DE values were
observed when cola was associated with the bleach-
ing treatments (p=0.0089). Even when no staining
solution was used, lower values were observed for
the control and the at-home bleaching groups.
Higher DE values were observed for in-office bleach-
ing when no staining solution was used (Table 5),
while lower values of DE were observed for the in-
office associated with coffee immersion.

The SEM images (Figure 3) at baseline show that
the enamel surface had a smooth and polished
appearance (A). The groups submitted to the coffee
solution and those not submitted to any solution
(control) had the same characteristics of no erosion
or porosity regardless of application or nonapplica-
tion of the bleaching agents (B to G). However, when
the enamel was immersed in cola (H to J), the
surface had a rough appearance, irregularities, and

cracks regardless of whether the bleaching agent
was applied.

DISCUSSION

The effectiveness of bleaching agents containing
hydrogen peroxide and carbamide peroxide in high
and low concentrations is influenced by the physical,
mechanical, and micromorphological properties of
the enamel subjected to beverages rich in pigments
consumed during the bleaching technique. Even
though laboratory studies have been carried out to
evaluate this influence,16,19-21 intraoral conditions
cannot be reliably reproduced and must be analyzed
with studies using in situ methodology.

When evaluating the microhardness of dental
enamel not submitted to staining solutions, no
significant changes were observed between the
evaluation time periods with or without the bleach-
ing agents. Both bleaching agents used have fluo-
rides in their composition. This may have contribut-
ed to slowing the demineralization process30 and
enhancing enamel remineralization.31,32 In addition,
the manufacturer of the bleaching gels does not
specify what thickening agent is used. Since carbopol
(polycarboxylic acid)—present in the composition of
many bleaching agents as a thickening agent—is
known to cause enamel demineralization,33,34 it may
be suggested that both gels presented another
component as the thickener. The pH values of the
bleaching agents are also close to neutral (6.64 for
the at-home agent and 7.24 for the in-office agent),
thus contributing to balancing the demineralization
and remineralization processes. Furthermore, the
permanent presence of saliva—because this was a in
situ study—has an enamel remineralizing action
because it is supersaturated in minerals.35-37 In vitro

Table 4: Means (Standard Deviations) of the VITA Classical Scores According to Staining Solution, Bleaching Agent, and Time
Perioda

Time Period Solution Bleaching Agent

No Bleaching At-Home In-Office

Baseline Coffee 11.13 (1.55) 10.73 (2.66) 10.67 (2.61) a

Cola 10.33 (2.55) 10.20 (3.23) 10.33 (2.38) a

No solution 10.36 (2.59) 11.27 (1.71) 10.67 (3.58) a

A A A

Final Coffee 10.60 (3.20) 10.47 (2.77) 8.93 (4.20) a

Cola 10.79 (2.58) 11.07 (3.01) 9.47 (3.48) a

No solution 8.27 (3.03)b 8.93 (3.41)b 5.67 (3.85)b b

A A B
a Means followed by different letters (uppercase horizontally and lowercase vertically, comparing solutions for each time period) differ among each time period
(p�0.05).
b Differ significantly from the baseline in the same conditions of bleaching agent and solution (p�0.05).
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studies have shown that even when artificial saliva
solutions are used, bleaching gels with more acidic
pH have been found to decrease enamel microhard-
ness35 and can negatively influence hardness values
during bleaching.38

Even in the groups not submitted to any bleaching
agent, the application of coffee did not promote any
changes in enamel microhardness. However, the
association of cola caused a decrease in microhard-
ness in all the bleaching groups. Thus, the first null
hypothesis was rejected, namely, that there are no
differences in enamel microhardness between at-
home and in-office dental bleaching submitted to
staining solutions (coffee and cola) or not submitted
to any solution. It is known that enamel exposed to
solutions with a low pH for a certain period of time
can present demineralization37 or erosion.40 Al-
though the coffee solution presented a pH of 4.78,
it was unable to cause demineralization in contact
with the enamel for 30 minutes a day. Therefore, it
can be suggested that, even with an acidic pH and
with the same immersion time for coffee and cola,
the demineralizing or erosive potential of coffee was
not as harmful to the enamel as the effects caused by
cola, which had a pH of 2.51. Among the soft-drink
beverages, cola has the highest erosive potential41,42

and requires more time for saliva to neutralize the
acid medium.42 Cola is also different from other soft
drinks because of the phosphoric acid in its compo-
sition, which gives the beverage its acidity. Although
there are a number of studies that show that cola

causes a reduction in microhardness,21,42 no studies
were found that evaluated the influence of coffee on
enamel microhardness. In the present study, even
the constant presence of saliva and fluoride (from the
fluoride toothpaste used for brushing the enamel
blocks) was not enough to maintain or recover the
initial microhardness values observed prior to
immersion in cola.

The reduction in enamel microhardness when
using cola was accompanied by increased roughness
and by micromorphological changes similar to
depressions and enamel erosion with or without
use of the bleaching agents. Likewise, the second
and the third null hypotheses were also rejected
since differences were in fact observed in the enamel
roughness and micromorphology between at-home
and in-office dental bleaching submitted to staining
solutions (coffee and cola) or not submitted to any
solution. Other studies also reported that cola
promotes greater enamel roughness44,45 and leads
to dental erosion.41,46 These effects are duly ex-
plained by the acidic and erosive characteristics of
the beverage, which raise roughness values to a
threshold of about 0.2 lm.47 These higher values
may increase plaque accumulation. However, when
neither coffee nor cola nor any bleaching agent was
used, the roughness and micromorphology of the
enamel were not altered, and the enamel surface
looked smooth and polished, just like the bleached
enamel surfaces observed in the in situ study by
Zeczkowshi and others.48 Although the literature

Table 5: Means (Standard Deviations) of the CIELAB Color Change According to Staining Solution, Bleaching Agent, and Time
Perioda

Variable Solution Bleaching Agent

No Bleaching At-Home In-Office

DLb Coffee 0.39 (6.40) Aab 3.91 (6.69) Aa 2.33 (4.03) Ab

Cola �0.20 (4.03) Bb 0.67 (6.47) Aa 2.74 (5.44) Aab

No solution 5.27 (5.56) ABa 3.47 (7.15) Ba 7.68 (5.20) Aa

Dac Coffee 1.70 (2.28) Aa 1.54 (1.83) Aa 0.34 (1.89) Aa

Cola 1.30 (2.01) Aa 1.63 (3.04) Aa 1.19 (2.52) Aa

No solution 0.14 (0.91) Ab �0.41 (2.23) Ab �1.50 (2.60) Ab

Dbd Coffee �0.27 (5.97) Aab 1.42 (5.49) Aab �3.27 (6.41) Aab

Cola 3.69 (4.44) Aa 2.52 (7.49) Aa �0.33 (8.67) Aa

No solution �2.47 (3.48) Ab �3.00 (3.78) Ab �5.75 (6.25) Ab

DEe Coffee 7.77 (4.53) Aa 8.07 (5.44) Aa 7.83 (3.56) Ab

Cola 6.40 (3.53) Ba 9.12 (5.32) Aa 9.89 (3.98) Aab

No solution 7.44 (4.55) Ba 6.83 (6.56) Ba 11.47 (5.74) Aa
a Means followed by different letters (uppercase horizontally and lowercase vertically, comparing solutions at each time period) differ among each time period (p�0.05).
b p(bleaching)=0.0444; p(solution)=0.0886; p(bleaching vs solution)=0.0530.
c p(bleaching)=0.8270; p(solution)=0.0010; p(bleaching vs solution)=0.7010.
d p(bleaching)=0.3929; p(solution)=0.0293; p(bleaching vs solution)=0.2950.
e p(bleaching)=0.0089; p(solution)=0.7486; p(bleaching vs solution)=0.0718.
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has reported that both at-home bleaching using 10%
carbamide peroxide7,49 and in-office bleaching50 can
change tooth roughness and promote erosion, the
products currently available for dental bleaching
have fewer detrimental effects due to the moderniz-
ing changes made in their composition over time. For
example, the bleaching agents used today are less
acidic than those available in the 1990s and in 2000,
which had a pH from 4.3 to 5.2 for at-home use51 and
from 4.3 to 5.5 for in-office use.5,10,32 Today’s
bleaching process has a shorter time protocol for
using the agents in trays52,53 and a modified
thickener.32,33 Although manufacturers do not de-
clare the composition of bleaching agents in their
entirety, it is known that the ingredients have been
modified over time in response to the constant
innovations and solutions that the research commu-
nity has offered to manufacturers over time.

When no staining solution was used, the enamel
had lower color scores for the VITA Classical scale,
thus confirming that the bleaching treatments were
effective in promoting the desired result. In regard to
the bleaching agent used for at-home use, the color
changed about three shades on the scale (from 11.27
before bleaching to 8.93 afterward), whereas the
color change in the in-office treatment was five
shades on average (from 10.67 to 5.67). Although
these results may be related to the differences in the
concentrations of the hydrogen peroxide agents used
(10% carbamide peroxide for the at-home bleaching
and 40% hydrogen peroxide for in-office) and the
application time of only one hour per day for the at-
home bleaching agent52 (instead of overnight as
recommended by the manufacturer), other studies
have also shown that bleaching with carbamide
peroxide in low concentrations54,55 and hydrogen
peroxide in high concentrations56,57 has had satis-
factory results. Furthermore, similar effectiveness
between the techniques was reported in a systematic
review,58 but it did not take into consideration the
variations in protocols (daily use time, number of
bleaching sessions, and product concentration) of the
bleaching techniques in the studies included.

Lighter tooth staining was also found in the
present study when no gel was applied and no
pigmented solution was used. Although all proce-
dures were performed with utmost care to avoid
contamination of the gel with blocks belonging to
another group positioned alongside, it is believed
that there may have been diffusion of the residual
gel into the oral cavity, influencing the magnitude of
DL* and DE*, which were high for this group despite
meticulous removal of the gel. Because the devices

were positioned on the palate, contact of the tongue
with the surface of the enamel was unavoidable, and
a small amount of gel residue could have diffused to
the other blocks due to the low molecular weight of
the free radicals released by the degradation of the
peroxides. This is because peroxides can move freely
between the structures of the substrates,59 leading to
the color changes observed in the nonbleached group
caused by the proximity between the blocks. Al-
though this approximation may have influenced the
results for the no-bleaching and no-staining group,
its effect cannot be avoided in the at-home and in-
office bleaching groups submitted to the staining
solutions together with other factors that may also
explain the changes observed in the negative control.
For example, although all care was taken to measure
the colors correctly, the spectrophotometer may have
been positioned incorrectly on the specimens, or the
size of the enamel blocks may have been too small to
accommodate the tip of the spectrophotometer,
issues that will have to be dealt with more knowingly
in future studies.

When analyzing the staining with cola vs coffee
solutions, no differences were found based on the
color analysis by the VITA Classical scale between
before and after bleaching or between these solu-
tions in the group that did not undergo bleaching.
Thus, it may be suggested that, although the
bleaching treatment was effective (as observed in
the nonstained groups), the staining solutions used
may have interfered in the final result of the
treatment. Hence, the fourth null hypothesis was
rejected since there were no differences in the
enamel color change between at-home and in-office
dental bleaching submitted to staining solutions
(coffee and cola) or not submitted to any solution. In
this respect, it is known that extrinsic staining is
associated with the adsorption of pigments on the
enamel surface, which can be removed efficiently
with professional prophylaxis.60 It has been report-
ed that coffee and cola can stain teeth due to their
dark coloration and acidic pH.21,61 Low pH values
may cause increased enamel permeability,9 which
may facilitate the penetration of the pigments
during bleaching, thus interfering in the color
results.13,21 However, it has been found that the
compounds that cause staining are constituted by
chains of macromolecules, which barely permeate
the enamel,62 causing the pigments to be adsorbed
on the surface of the enamel.

When analyzing the change in brightness (DL), the
groups not subjected to bleaching or staining
presented higher values than the group submitted

604 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



to staining with cola, which showed a reduction in
luminosity. A more pronounced change in luminosity
was found for teeth submitted to in-office bleaching
without staining (greater luminosity) than for at-
home bleaching without staining. This result could
be related to the higher concentration of hydrogen
peroxide contained in the bleach used in the in-office
versus at-home treatments. In the latter, the bleach
may require more time in contact with the teeth to
produce a result with higher luminosity, as obtained
by Briso and others25 and Attin and others,16 who
associated different staining solutions (coffee, grape
juice, and black tea) with 10% carbamide peroxide
and observed higher values of brightness variation
in the absence of staining. The present study also
showed that the cola reduced the brightness of the
enamel when no bleaching treatment was used,
corroborating the findings by Pirolo and others,63

who demonstrated the potential of cola to stain.

An analysis of the color change in the Da variable,
in the groups submitted to staining, indicated that
more reddish pigments,25 such as those present in
coffee (brown pigment) and coca (caramel pigment),
may not have actually been removed by different
bleaching techniques but rather may have been
adsorbed into the surface of the enamel. However,
the most important color spectrum for whitening
studies is the Db variable since it is related to the
color change of positive values, corresponding to
colors from the yellow color band to the blue range,
which presents negative values.64 It was found that
teeth became more yellow when the enamel blocks
were subjected to cola solutions and showed inter-
mediate yellowing values when submitted to coffee.
When submitted to cola, the enamel blocks presented
positive values, corresponding to the yellow color
band regardless of having been submitted to a
lightening process. When tooth enamel is exposed
to an acidic substance, surface demineralization may
occur, leaving the enamel more susceptible to
pigment deposition, thereby explaining the results
found.

Regarding color change (DE), values above 3.3
present clinically perceptible color changes and
prove the effectiveness of the bleaching proce-
dures.65 DE values above 8 cause extremely percep-
tible changes.66 In the group where the enamel
blocks were not exposed to staining but were
submitted to office bleaching, the value of DE was
11.47. This group was significantly different from
the other nonstained groups, resulting in a desirable
clinical response by the patients who completed the
treatment. Even though all the other groups pre-

sented DE values above 3.3, indicating that all the
groups presented clinically perceptible color changes
after treatment, it still cannot be concluded that all
the groups were affected by the bleach when
considering each group (L*, a*, and b*) individually.
This is because there is a ‘‘competitive’’ effect
between the bleaching agents and the staining
solutions that promotes bleaching (by degrading
pigmented molecules) and darkening (by depositing
dark pigments). Because DE values are the result of
the interaction of all the parameters, they should not
be evaluated separately; otherwise, there may be
misinterpretation. Thus, it can be observed that the
groups submitted to staining with cola had the
following characteristics: 1) less alteration in lumi-
nosity than the bleached groups; 2) the teeth
presented more red pigments than those not sub-
mitted to staining, whether or not they received the
bleaching treatment; and 3) the teeth were more
yellowish than those not submitted to staining,
whether or not they received the bleaching treat-
ment. In relation to staining with coffee, the lesser
change in luminosity and the greater presence of
reddish pigment may have influenced the DE values
when associated with in-office bleaching. This can be
explained by the daily immersion in coffee, whereas
the in-office bleaching session was performed only
once a week. Hence, this daily immersion influenced
the color change, whereas the less frequent in-office
dental bleaching decreased staining effectiveness,
although a clinically perceptible color change was in
fact achieved with in-office bleaching (DE value
higher than 3.3).

Thus, considering the results for the VITA Clas-
sical scale and the L*, a*, and b* parameters, it can
be concluded that the association of staining solu-
tions to the bleaching treatment influences the color
of the teeth during both at-home and in-office
bleaching treatments and results in a less effective
color change. In addition, cola also led to significant
changes in microhardness, roughness, and micro-
morphology of the enamel. This may indicate that its
consumption in everyday situations may also result
in damage to the enamel surface.

CONCLUSIONS

Regardless of the bleaching treatment used (10%
carbamide peroxide for at-home use and 40%
hydrogen peroxide for in-office bleaching), there
was a decrease in microhardness, an increase in
roughness, and changes in the micromorphology of
the cola-stained enamel. The effectiveness of the
bleaching agents was higher in the absence of the
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staining solutions (coffee or cola), and the in-office
bleaching option presented a greater color change
than at-home bleaching.
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