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Does a toothpaste containing blue 
covarine have any effect on bleached 
teeth? An in vitro, randomized and 
blinded study

Abstract: The objective of this study was to analyze the effect of 
bleaching toothpastes, both conventional and those containing the 
new whitening agent Blue Covarine, on teeth previously bleached 
by conventional techniques (in-office and at-home). Squared bovine 
enamel/dentin blocks (6.0 x 6.0 x 2.0 mm) were randomly distributed 
in 6 groups (n = 15), according to the technique used to bleach 
them (in-office: HP35%; at-home: PC10%) and the type of bleaching 
toothpaste (none: control; Blue Covarine containing: BC; and without 
Blue Covarine: NBC). Experimental groups denominated HP35%, 
HP35%BC and HP35%NBC received in-office tooth bleaching before 
toothbrushing, and groups PC10%, PC10%BC and PC10%NBC were 
subjected to at-home tooth bleaching prior to toothbrushing. After 
bleaching treatment, groups HP35%BC, PC10%BC, HP35%NBC and 
PC10%NBC underwent daily tooth brushing in a brushing machine for 
3 minutes (150 strokes/min, with a load of 375 g). Tooth color alteration 
was measured by reflectance spectroscopy (Vita EasyShade, Vident, 
Brea, CA, USA) at: T0 (baseline) – after in-office or at-home bleaching 
treatment; T1 – immediately after tooth brushing; T2 - 7 days and T3 - 14 
days after tooth brushing. Data was analyzed by repeated measures 
mixed ANOVA and the Bonferroni post hoc test, with a significance 
level of 5%. Statistically significant differences were found between 
different experimental groups, evaluation times and for the interaction 
between them (p < 0.001). Tooth brushing using either bleaching 
toothpaste (conventional or with Blue Covarine) showed no color 
alteration on teeth previously bleached by in-office and at-home tooth 
bleaching. The use of bleaching toothpastes on previously bleached 
teeth did not produce a color alteration.

Keywords: Tooth Bleaching; Bleaching Agents; Denture Cleansers; 
Dentifrices.

Introduction
The desire for whiter teeth is responsible for the rapid growth of tooth 

bleaching over the past decade and has led to the development of numerous 
techniques and products for this purpose. There are three main dental 
bleaching approaches: supervised at-home bleaching; in-office bleaching; 
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and over-the-counter at-home bleaching products 
such as strips, mouthwashes and toothpastes.1,2 The 
first two techniques are based on the action of free 
radicals from the reaction of hydrogen peroxide 
or carbamide peroxide with the tooth structure.2,3 

However, during the bleaching process, free radicals 
may cause adverse reactions,4,5,6,7 including trans 
and postoperative tooth sensitivity.7,8,9 The action 
of the over-the-counter products is based mostly 
on two mechanisms: bleaching of intrinsic stains 
using oxidizing agents to break down the organic 
molecules present in the tooth structure, and the 
removal and control of extrinsic stains through the 
action of abrasive agents.

Over-the-counter bleaching products usually 
have low levels of hydrogen peroxide (3% - 6%) and 
are self-applied to teeth once or twice per day for 
up to 14 days, depending on the dose and time of 
exposure.2 Bleaching toothpastes work by removing 
and/or controlling extrinsic staining by the action 
of optimized abrasives, surfactants, enzymes 
and polyphosphates.10 These may be used in the 
maintenance and retouching techniques after at-home 
or in-office bleaching or with bleaching function 
and, in this case, they must be used regularly (for 
example, twice a day), and take 2-4 weeks for effects 
to begin to show.11

The International Commission on Illumination 
(CIE) in 1976 defined a tridimensional color space 
which provides a representation for color perception. 
The three axis are L*, a* and b*, where L* represents a 
measure of the object’s luminosity and the axis a* and 
b* represent chromaticity coordinates.12 Some tooth 
bleaching studies using peroxide based products have 
shown that the yellow-blue axis is the most important 
for bleaching color perception than a change in the 
axis L* and a*.13,14 Furthermore, a reduction of the b* 
value occurs more quickly and to a higher degree 
than changes to the L* values.15,16 Therefore, the b* 
component is the most important bleaching indicator.

This observation was applied in the development of 
a new bleaching toothpaste composed of modified silica 
and a blue pigment (Blue Covarine).17,18 The bleaching 
effect of Blue Covarine are based on modifying the 
perception of tooth color by depositing a thin blue 
film on the surface of the enamel (an optical effect).17 

This toothpaste also contains a more effective abrasive 
system for the removal of extrinsic stains compared 
to other bleaching toothpastes based on silica.19 An 
in vitro study demonstrated that, after brushing 
extracted teeth with a Blue Covarine containing 
toothpaste, a film of Blue Covarine was deposited 
over tooth surface and shifted the yellow axis to the 
blue, providing a measurable and perceptible tooth 
bleaching effect.18

Clinical and laboratorial studies have shown 
toothpastes containing Blue Covarine produce 
immediate bleaching effects and have been suggested 
as a new approach for tooth whitening.17,18,20 However 
the effect of this toothpaste on previously bleached 
teeth has yet to be studied. Thus, this study evaluated 
the effect of a toothpaste containing Blue Covarine in 
teeth previously bleached by at-home and in-office 
techniques. The hypothesis to be tested is that the use 
of a toothpaste containing Blue Covarine promotes 
changes in the color of teeth which have previously 
been whitened by conventional bleaching techniques.

Methodology

Study design
This in vitro, controlled, randomized, paired and 

blinded study (examiner) used 90 bovine incisors 
selected according to the criteria that they are of 
similar color, have good structural integrity and 
have surface regularity. The dependent variable was 
color alteration (ΔE) and the independent variables 
were toothpaste (3 levels – without any toothpaste, 
toothpaste with Blue Covarine and toothpaste without 
Blue Covarine) and evaluation times (4 levels – T0, T1, 
T2 and T3). Evaluation times also led to a repeated 
measures variable.

Samples preparation
After prophylaxis, the bovine incisors had their 

roots removed using a low-speed, water-cooled 
diamond saw (Isomet 4000, Buehler Ltd., Lake Bluff, 
USA). Then, the teeth were sectioned in mesiodistal 
and cervical-incisal directions to obtain dental blocks 
of 6.0 x 6.0 x 2.0 millimeters. The samples were 
numbered and randomly assigned to experimental 
groups by random drawing using Microsoft Excel 
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2010 (Microsoft, Redmond, Washington, USA). The 
samples were then embedded in a neutral gray 
acrylic resin in sets of five teeth per resin block, 
which were coded and stored in artificial saliva 
under stirring at 36 ± 1.0°C for a week prior to 
testing. The 18 experimental sets were randomly 
distributed in 6 experimental groups (n = 15), 
and were designated according to the bleaching 
technique used: in-office bleaching agent with 
35% hydrogen peroxide - HP35% (Whiteness HP, 
FGM Produtos Odontológicos, Joinville, Brazil) 
or at-home bleaching agent using 10% carbamide 
peroxide - CP10% (Whiteness Perfect®, FGM Produtos 
Odontológicos, Joinville, Brazil). The groups with 
also designated based on the toothpaste used: none 
(control), with Blue Covarine – BC (Close Up White 
Now, Unilever Brazil, São Paulo, Brazil) and without 
Blue Covarine – NBC (Colgate MaxWhite, Colgate 
Palmolive Brazil, São Paulo, Brazil). This resulted in 
a total of 6 groups: HP35%, HP35%BC, HP35%NBC, 
CP10%, CP10%BC and CP10%NBC.

Bleaching Protocols
Each group was submitted to the respective 

conventional bleaching technique, either in-office 
or at-home. The groups HP35%, HP35%BC and 
HP35%NBC were bleached using a 35% hydrogen 
peroxide in-office bleaching agent. The bleaching agent 
was prepared as recommended by the manufacturer. 
Two bleaching sessions were performed with a 
seven days interval between them. In each of the 
bleaching sessions, the bleaching agent was applied 
three times, and each application was 15 min in 
duration. After each session the sample sets were 
washed and placed in artificial saliva. The total time 
of contact of the bleaching agent with the dental 
enamel was 90 minutes.

The experimental groups CP10%, CP10%BC and 
CP10%NBC were treated by an at-home tooth bleaching 
agent containing 10% carbamide peroxide. For this 
purpose, individual trays were fabricated with 
1 mm acetate plaques (Whiteness, FGM Produtos 
Odontológicos, Joinville, Brazil), standardizing a 1 mm 
thick bleaching gel on each dental block. The trays 
and the respective set were placed in a container with 
artificial saliva kept under gentle agitation and at a 

temperature of 36 ± 1oC for 4 hours daily. Then, the 
bleaching agent was removed, the sets were washed 
in water and stored in artificial saliva. This procedure 
was repeated for 14 consecutive days, resulting in a 
total contact time of 3360 min between the bleaching 
gel and the dental structure.

After conventional bleaching, the groups HP35%BC, 
CP10%BC, HP35%NBC and CP10%NBC underwent 
toothbrushing in an automatic brushing machine 
(MAVTEC – Comércio e Serviços e Desenvolvimento 
para Laboratório, Ribeirão Preto, Brazil). The 
experimental sets were fixed in the machine and 
brushed with either a toothpaste containing Blue 
Covarine (groups HP35%BC and CP10%BC) or a 
control toothpaste without Blue Covarine (groups 
HP35%NBC and CP10%NBC) in 3 brushing cycles, 
each 1 minute in duration, in order to simulate the 
toothbrushing standard recommended for patients 
(3 times per day, 1 minute each time). Toothpastes 
were previously mixed in distilled water and sodium 
carboxymethyl cellulose solution at 0.5% (CMCS), in 
a toothpaste:water:CMCS rate of 1:1:1, following a 
method adapted from Joiner et al.10,17 The brushing 
test machine was programmed with a load of 375 g 
and a brushing rate of 150 strokes/min, resulting in a 
total of 450 strokes per set. After toothbrushing, the 
sets were washed in water to completely remove the 
toothpaste and stored in artificial saliva. The control 
group (C) did not received any treatment, and the 
samples remained in artificial saliva under stirring 
and controlled temperature (36 ± 1.0°C) during the 
experiment. The artificial saliva was changed once 
a week for all the groups.

Tooth color evaluation
The color alteration was measured with a 

reflectance spectrophotometer, the Vita EasyShade®, 
Vident, Brea, USA by a blinded evaluator who was 
previously calibrated on the instrument. The examiner 
measured the color of 20 teeth at two different times, 
with a one week break between measurements. The 
calibration was calculated by the intraclass correlation 
coefficient (ICC). The ICC obtained was 0.74, which 
is classified as good calibration.21

Tooth color was analyzed based on ∆L, ∆a, ∆b and 
∆E coordinates from the CIELab color system. The 
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measurements were performed at T0 (baseline) – after 
the conclusion of at-home or in-office tooth bleaching, 
T1 – immediately after toothbrushing, T2 – 7 days after 
toothbrushing, and T3 - 14 days after toothbrushing. In 
order to evaluate the effect of the different treatments 
on the color alteration, we considered the difference 
between the baseline color at T0 compared to the 
subsequent time measurements (T1, T2 and T3).

Data analysis
Data for color alteration (∆E) and each CIELab 

color axis (L*, a* e b*) were analyzed by a repeated 
measures mixed ANOVA. First, the conditions 
for the application of this test, namely the normal 
distribution, sphericity and homogeneity of variances 
were analyzed through the Shapiro-Wilk, Mauchly 
and Levene tests, respectively (p < 0.05). The Mauchly 
test indicated the need for the Greenhouse-Geisser 
correction (p < 0.001). The Bonferroni test was used 
to identify which pairs of means differed for the 
interaction between the variables and experimental 
groups. All the statistical tests were performed with 
the assistance of PASW Statistics Software (PASW 
Statistics 21.0, SPSS Inc., Chicago, USA), considering 
a type I error probability (α) of 0.05.

Results
each experimental group color characteristics 

(L*, a* and b*) at baseline - means ± standard deviation 
(SD) – are shown in Table 1. Statistical analysis was 
performed for each outcome: color alteration (∆E), 
luminosity (∆L), alteration on the green-red axis 
(∆a) and alteration on the blue-yellow axis (∆b), as 
described below.

Color alteration (∆E)
The repeated measures mixed ANOVA showed 

significance for evaluation time (p < 0.001) and for the 
interaction between evaluation time and experimental 
groups (p = 0.002). Differing experimental groups 
did not result in any differences (p = 0.107). The 
Bonferroni test evidenced significant differences 
between CP10%NBC at T3 and HP35%, CP10% and 
CP10%BC at T1 and HP35%NBC at T1, T2 and T3. 
Means and respective confidence intervals (95%CI) 
are illustrated in Table 2.

Luminosity (∆L)
Significance was found for the different experimental 

groups (p = 0.041), and for the interaction between 
experimental groups and evaluation time (p < 0.001). 

Table 2. Mean and Confidence interval (95%CI) for color alteration (∆E) for each experimental group at each evaluation time.

Evaluation time

Experimental group

HP35% CP10% HP35%BC CP10%BC HP35%NBC CP10%NBC

mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI

T1 3.0 bc 1.1 2.5 bc 1.1 4.9 ab 1.1 3.6 b 1.1 3.4 b 1.1 4.6 ab 1.1

T2 4.6 ab 1.1 4.9 ab 1.1 5.0 ab 1.1 4.4 ab 1.1 3.4 b 1.1 4.8 ab 1.1

T3 4.6 ab 1.1 4.9 ab 1.1 4.2 ab 1.1 5.4 ab 1.1 3.3 b 1.1 6.2 a 1.1

*Different letters means significant differences (p < 0.05).

Table 1. Means and standard deviation (±SD) of the baseline color characteristics for each experimental group.

Experimental group
L* a* b*

mean ± sd mean ± sd mean ± sd

HP35% 84.3 ± 3.8 0.5 ± 2.6 11.2 ± 4.0

CP10% 86.8 ± 2.6 -3.1 ± 1.3 7.0 ± 4.4

HP35%BC 81.8 ± 6.7 3.1 ± 5.1 11.0 ± 3.9

CP10%BC 85.0 ± 6.4 1.3 ± 3.7 7.5 ± 3.3

HP35%NBC 84.6 ± 3.3 -3.2 ± 1.2 9.9 ± 3.3

CP10%NBC 86.9 ± 3.2 1.1 ± 3.7 6.6 ± 3.0

*Different letters means significant differences (p < 0.05).
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Statistically significant difference between CP10% 
and HP35%BC at T1 and T4 as well as HP35%NBC at 
T2 and T3 were found. Table 3 shows the means and 
confidence intervals (95%CI).

Green-Red axis (∆a)
The ANOVA analysis demonstrated a statistically 

significant difference only for the experimental groups 
(p < 0.001). The Bonferroni method found significance 
between the HP35% and HP35%BC and the group 
CP10%NBC. Means and confidence intervals (95%CI) 
are shown in Table 4.

Blue-Yellow axis (∆b)
The repeated measures mixed ANOVA found 

significant differences for the evaluation time (p < 0.001), 
experimental group (p < 0.001) and the interaction of 
factors (p < 0.001). The Bonferroni method demonstrated 

that CP10%NBC at T2 and T3 were different than HP35% 
at T1 and HP35%BC at T1 and T2. Table 5 shows the 
means and confidence intervals (95%CI).

Discussion
This study evaluated the effects of bleaching 

toothpastes with or without Blue Covarine on the 
color alteration of teeth previously bleached by 
at-home and in-office tooth bleaching techniques. 
These bleaching toothpastes were compared with 
control groups which only received bleaching by 
conventional techniques (HP35% and CP10%) and 
were not treated with bleaching toothpastes.

The L*, a* and b* parameters at baseline 
(Table 1) show similar bleaching results for all 6 
experimental groups, regardless of the bleaching 
agent used (at-home or in-office tooth bleaching). 
As previously demonstrated, these results also 

Table 4. Means and Confidence intervals (95%CI) for ∆a for each experimental group at all evaluation times.

Evaluation time

Experimental groups

HP35% CP10% HP35%BC CP10%BC HP35%NBC CP10%NBC

mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI

T1 -1.1 b 0.5 -0.4 ab 0.5 -1.7 bc 0.5 0.1 ab 0.5 -0.5 ab 0.5 0.0 a 0.5

T2 -1.4 b 0.6 -0.2 ab 0.6 -2.0 bc 0.6 -0.5 ab 0.6 -0.2 ab 0.6 0.2 a 0.6

T3 -1.4 b 0.6 -0.2 ab 0.6 -1.6 bc 0.6 -0.5 ab 0.6 -0.1 ab 0.6 0.3 a 0.6

*Different letters means significant differences (p < 0.05).

Table 5. Mean and Confidence intervals (95%CI) of ∆b for each experimental group at each evaluation time.

Evaluation time

Experimental groups

HP35% CP10% HP35%BC CP10%BC HP35%NBC CP10%NBC

mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI

T1 -1.1 c 1.2 0.5 bc 1.2 -2.5 c 1.2 1.2 ab 1.2 -0.7 bc 1.2 1.4 ab 1.2

T2 0.4 bc 1.2 1.0 ab 1.2 -1.1 c 1.2 2.6 ab 1.2 -0.5 bc 1.2 3.4 a 1.2

T3 0.4 bc 1.2 1.0 ab 1.2 1.2 ab 1.2 2.5 ab 1.2 1.1 ab 1.2 2.9 a 1.2

*Different letters means significant differences (p < 0.05).

Table 3. Mean and Confidence intervals (95%CI) of luminosity (∆L) for each group during all evaluation times.

Evaluation time

Experimental group

HP35% CP10% HP35%BC CP10%BC HP35%NBC CP10%NBC

mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI mean* 95%CI

T1 -1.5 ab 1.5 -1.8 ab 1.5 -1.4 ab 1.5 -2.5 ab 1.5 -1.4 ab 1.5 -3.3 ab 1.5

T2 -2.7 ab 1.5 -4.4 b 1.5 -0.8 ab 1.5 -1.6 ab 1.5 -1.1 ab 1.5 -1.7 ab 1.5

T3 -2.7 ab 1.5 -4.4 b 1.5 -2.5 ab 1.5 -1.3 ab 1.5 0.3 a 1.5 -3.7 b 1.5

*Different letters means significant differences (p < 0.05).
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evidence similar bleaching efficacy after two weeks 
of treatment for both at-home and in-office bleaching 
techniques using carbamide peroxide and hydrogen 
peroxide, respectively.22,23

An in vivo study by Collins et al.20 has demonstrated 
that a single toothbrushing with a toothpaste 
containing Blue Covarine provided a significate 
and immediate reduction on b* axis (yellow-blue) 
and an increase on WIO index, compared to the 
baseline and to a control toothpaste containing 
silica. Joiner et al.17 also identified toothpastes 
containing Blue Covarine as a new approach for 
tooth bleaching due to a reduction of ∆b values 
generated by this toothpaste in their study. These 
results were not demonstrated in this study and 
the use of the toothpaste containing Blue Covarine 
did not display any color alteration. This may be 
due to the fact that previous studies using Blue 
Covarine containing toothpastes measured the 
color by digital image analysis and, in our study, we 
used a reflectance spectrophotometer. Torres et al.24 
found no significant results of ∆E, ∆L and ∆b for the 
toothpaste containing Blue Covarine when analyzing 
the color with the aid of a spectrophotometer. The 
reflectance spectrophotometer analyzes the color 
of teeth, ceramics and other translucent materials 
and is configured to analyze the dentin and deep 
enamel color, ignoring the reflection and surface 
irregularities.25 For this reason, it’s possible that 
this device cannot capture the presence of the thin 
Blue Covarine film on the surface of the samples, 
nor any visible optical effects caused by this coating.

After toothbrushing with the bleaching 
toothpastes with or without Blue Covarine, the 
maintenance of color alteration (ΔE) was observed 
and recorded by measurements immediately after, 7 
days after and 14 days after brushing for the groups 
previously bleached by the in-office technique. 
The groups bleached by the at-home technique 
showed progressive increases in ΔE values, although 
only the CP10%NBC group obtained statistically 
significant differences at T3. This fact does not prove 

the effectiveness of toothpastes with or without 
Blue Covarine, but does indicate that the at-home 
bleaching continues to change the color of the teeth 
even 14 days after the end of treatment.

For ΔL, there was a tendency to lose luminosity 
over time, with the axis displacement shifting towards 
black. Only CP10%BC and HP35%NBC showed shifts 
toward white, which may indicate better interaction 
of the toothpaste containing Blue Covarine with 
teeth bleached by carbamide peroxide while the 
toothpaste without Blue Covarine interacts better with 
hydrogen peroxide. The a* axis showed a greater shift 
toward the green axis immediately after brushing 
in the HP35%BC group, but no significant difference 
was found for the HP35% group. These results 
were maintained over time and were significantly 
different than the results of CP10%NBC, showing 
a progressive shift towards red. The b* axis also 
demonstrates a shift towards yellow over time for 
all groups. Immediately after brushing, although 
not statistically significant, the HP35%BC showed 
the greatest change in the blue direction and this 
effect can be observed up to 7 days after brushing. 
However, the same cannot be said for CP10%BC and 
no definitive bleaching effect of toothpaste containing 
Blue Covarine was demonstrated.

Considering the results discussed herein, the 
hypothesis of this study can be rejected. No statistically 
significant bleaching were achieved on teeth previously 
bleached by in-office or at-home bleaching techniques 
when using a conventional bleaching toothpaste or 
a bleaching toothpaste containing Blue Covarine.

Conclusion
Within the limitations of this in vitro study, it can 

be concluded that the use of conventional bleaching 
toothpastes and bleaching toothpastes containing Blue 
Covarine do not show an improvement in whitening 
teeth which have already been treated with at-home 
and in-office conventional tooth bleaching protocols 
using either 10% carbamide peroxide or 35% hydrogen 
peroxide, respectively.
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