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Aim: To evaluate the influence of the parameters L* a* b* on 
the variation of the color of bovine tooth enamel submitted to 
artificial darkening, after simulated brushing, with whitening 
toothpastes containing blue covarine. Methods: To undertake 
this study in vitro, 60 specimens (SP) were divided into 6 
groups (n=10): control group (CGwater) and 5 test groups 
(GT1-Colgate Total 12, GT2-Oral-B 3D White Perfection, GT3-
Colgate Luminous Instant White, GT4-CloseUp White Diamond 
Attraction, GT5-Sorriso Xtreme White). The specimens were 
darkened with coffee and submitted to simulated brushing for 
6, 12, and 24 months. The alteration in the color was evaluated 
using CIELAB parameters and the ∆L, ∆a, ∆b and ∆E were 
calculated. The data was analyzed through generalized 
linear models using the R program and considering a level of 
significance of 5%. Results: The parameters L*, a* and the ∆L, 
∆a obtained better results in the test group than in the control 
group. There were no statistical differences between CG and 
the test groups for the evaluation of the b* parameter. In the 
evaluation of the ∆b, the GT3 differed statistically from the 
CG. In relation to the ∆E, all the group tests showed a variation 
in color statistically greater than that of the CG and the GT4 
showed the greatest variation, not differing from the GT3 
during the periods studied. Conclusion: The mechanical and 
optical whitening agents positively influenced the values L*a* 
and b*, as well as in its variations and in the ∆E. It is important 
to emphasize, however, that to analyze tooth whitening it is 
necessary to evaluate their parameters together.
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Introduction

Color is a perceptual phenomenon and, for that reason, subjective which depends on 
the observer, lights and object. Thus, with the purpose of establishing colorimetric cri-
teria to quantify and describe this human perception, the Comission Internationale de 
l’Eclairage (CIE) defined color in three dimensions: luminosity or value, which is the lumi-
nosity relative to the color and encompasses the quantity of gray; the shade, the real 
color of the object such as green, red, blue and yellow; and chroma, which is the concen-
tration or intensity of the shade1. CIE also instituted in 1976, the tridimensional space of 
color (CIELAB) in order to provide representation to perceptions of colored stimulate2.

CIELAB is defined numerically by three measurements: Luminosity (L*) which varies 
between 0 to 100; the a* coordinate, the red-green axis, which varies between -80 to 
+80, and the b* coordinate, the yellow-blue axis, which varies between -80 to +802. 
The L* parameter corresponds to the luminosity, the closer it is to zero, the darker the 
object is and the closer to 100 the lighter it will be. Positive values of b* indicate yellow 
tones and negative b* values indicate blue tones. And negative values of a* indicate 
green tones, whereas positive values indicate red tones. Thus, the higher the value of 
L* and the lower the values of a* and b*, the tooth will be lighter and whiter1,3.

Since the tooth whitening occurs through the reduction of yellowing tones of the teeth, 
the alteration in the b* value seems to be the most important parameter to perceive 
the whitening, followed by the increase in the L* value and with less impact through the 
reduction of the value of a*. Further, through the CIELAB system, it is possible to deter-
mine the difference between two colors through the calculation of the numerical dis-
tance between the L*a*b* coordinates, denominated as ΔE, when evaluated together1,3,4.

Toothpastes with a whitening function have been developed to service the aesthetic 
demands of having whiter teeth. The most used whitening agents in toothpaste are 
mechanical agents (abrasives), chemical (peroxides) and optical (blue covarine). The 
abrasives, such as hydrated silica, calcium carbonate and mica, mechanically remove 
the teeth’s extrinsic stains and are the most commonly used agents in toothpaste5. 
The chemical agents, such as hydrogen peroxide, oxidize the organic pigments located 
within the structure of the tooth, however their effects in toothpaste are considered 
limited due to their low concentration level and more importantly, hydrogen peroxide’s 
instability in aqueous environments5,6. The use of the optical agent blue covarine, on 
the other hand, aims to modify the spectrum of absorption and reflection of light, alter-
ing the color of the shaft of the tooth from yellow to blue, decreasing the value of b*7.

Blue Covarine-based toothpaste has been recommended for daily use, and produces 
an immediate whitening action after using it, fostering a gradual effect1,8. Together 
with the whitening agents, other agents that help to remove extrinsic stains such as 
anti-plaque and anti-calculus agents, surfactants and enzymes, as well as activated 
carbon, are also found in toothpaste5,9.

Since the expected tooth whitening results from the removal of extrinsic pigments 
and stains, as well as the removal of optical agents, the changes in the teeth’s color-
ation do not always correspond to the patient’s expectations. Thus, it is important to 
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perform studies that investigate the role of each of the parameters within the CIELAB 
system in the alteration of the teeth’s color.

Given what has been outlined here, the objective of this study was to evaluate the 
influence of the L* a* b* parameters in the color variation of bovine dental enamel 
after simulated brushing with whitening toothpaste. The tested hypothesis evaluated 
was there are no difference among the groups regarding the L* a* b* parameters.

Materials and methods

Selection and preparation of the specimens

To perform this study in vitro, 60 units of bovine incisors composed the specimens. 
Initially, the teeth were affixed and adapted in a precision cut-off machine (model 
ELSAW, ElQuip®, São Paulo, SP, Brazil) and, with the aid of a diamond wheel (model 
ER04003 HC 4 x 0.012 x 1/2, ERIOS® equipment, São Paulo, SP, Brazil) were sectioned, 
separating the crown from the root of the dental units. From the crowns, cuts in the 
oral-lingual direction were made to obtain 60 fragments (8mm x 8mm x 2 mm) which 
were then flattened in a milling machine (Politriz metalográfica PL VO60 Biopdi®, 
São Carlos, SP, Brazil) on the oral surface, with the aid of water sanding discs in a 
sequence of granulation (320, 400, 600, 1200), in order to make the surfaces uniform 
and without the exposure of the enamel. Preparation of the specimens was finalized 
after they were fixed in Centerglass® orthophtalic resin. After polishing, the specimens 
were put into the L-200 ultrasonic cube (Schuster® Ltda.) for 10 minutes to remove 
any possible residues of polishing.

Experimental Groups

The 60 specimens were randomized and divided into 6 groups (n=10), the control 
group (CG – water) and the test groups (GT1, GT2, GT3, GT4 e GT5) (Table 1). The 
main whitening agents present in the toothpastes are described in Table 2.

Table 1. Description of the test groups with the toothpastes.

Groups Toothpastes Composition Manufacturer

GT1  Colgate 
Total 12

Sodium fluoride 0,32%, triclosan 0,3%, sorbitol, hydrated silica, 
sodium laurylsulphatePVM/MA, carrageenan, sodium hydroxide, 

sodium saccharin, titanium dioxide, limonene.
Colgate-Palmolive

GT2
Oral-B 

3D White 
Perfection

Sodium fluoride (1100 ppm de flúor), glycerine, hydrated silica, 
sodium hexametaphosphate, PEG-6, tisodium phosphate, 

carrageenan, sodium lauryl sulphate, cocamidopropil betaine, 
Mica (Cl 77019), sodium saccharin, PEG-20M, xanthum gum, 

titanium dioxide (Cl 77891), sucralose, limonene, CI74160.

Procter & Gamble 
(P&G)

GT3

Colgate 
Luminous 

Instant 
White

Hydrated silica, sorbitol, glycerine, PEG-12, pentasodium 
triphophate, tetrapotassium pyrophosphate, sodium 

laurysuphate, aroma, taste, cellulose gum, cocamidopropil 
betaine, sodium saccharin, xanthum gum, Sodium fluoride 
(1100 ppm of flurine), sodium hydroxide, hidroxipropilmetil 

cellulos, propilenglicol, polysorbate 80, mica, Cl 74160 
(pigmento azul),CI77891, titanium dioxide, CI 73360, Cl 17200, 

Cl 42051, Eugenol.

Colgate-Palmolive

Continue
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Darkening of the specimens

After randomization, the specimens are kept immersed in soluble coffee solution 
(Nescafé, Nestlé®, Brazil) at 37 °C, for 7 days, with daily changes according to the 
methodology proposed by Munchow et al.10 (2016). To prepare the coffee, the manu-
facturer’s instructions were followed.

Abrasion test

Simulated brushing was performed at three intervals of time: 6 months (25,000 cycles), 
12 months (50,000 cycles) and 24 months (100,000 cycles) with a brushing machine 
(ElQuip®, São Paulo, SP, Brazil). The “heads” of the dental brushes with soft bristles 
(Classic Clean/Colgate-Palmolive Company® São Paulo, Brazil) were used for the 
brushing of the specimens. Toothpaste solutions were prepared (1:2) of slurry of 
toothpaste: water according to the Tao et al.11 (2017) and and submitted to pH veri-
fication (pHmetro Modelo 2000 Quimis® Aparelhos Científicos Ltda., São Paulo, Dia-
dema, Brazil).

Color evaluation

Color alteration was evaluated by the Spectrophotometer Easyshade - Vita®, which 
provides the readings for the CIE L* a* b*. This system allows for the measurement of 
the difference in color between the two samples and shows the quantity of color alter-
ation between the two readings (∆E). Parameters for colors were obtained: before the 
beginning of the experiment, after the process of darkening and after the simulated 
brushing over the periods of 6, 12 and 24 months.

Groups Toothpastes Composition Manufacturer

GT4
Close Up 
Diamond 
Attraction

Sorbitol, Water, hydrated silica, sodium layryl sulphate, PeG-32, 
Aroma, Sodium fluoride, cellulose gum, mica, Sodium saccharin, 

trisodium phosphate, copolymen PVM/MA.
Unilever

GT5

Sorriso 
Xtreme 
White 

Evolution

Hydrated silica, sorbitol, glycerine, peg-12, pentasodium 
triphosphate, tetrapotássio pirophosphate tetrapottasium, 

sodium lauryl sulphate, aroma, carboximetilcellulose, Sodium 
fluoride, xanthum gum, sodium hydroxide, CI 74160, CI 42090.

Colgate-Palmolive

Continuation

Table 2. Principal whitening agents present in the toothpastes tested.

Groups Toothpastes Mechanical Optical

GTI Colgate Total 12 Hydrated silica -

GT2 Oral-B 3D White Perfection Hydrated silica
Mica

Blue covarine
(CI: 74160)

GT3 Colgate Luminous Instant White Hydrated silica
Mica

Blue covarine
(CI: 74160)

GT4 Close up Diamond Attraction- Power White Hydrated silica
Mica

Blue covarine
(CI: 74160)

GT5 Sorriso Xtreme White Evolution Hydrated silica Blue covarine
(CI: 74160)
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From the determinations of the CIELAB parameters, the ∆L, ∆a, ∆b and ∆E were cal-
culated according to the following equation12 :

∆L: (L1-L0)

∆a: (a1-a0)

∆b: (b1-b0)

ΔE=[(ΔL*)2+(Δa*)2+(Δb*)2]1/2

Statistical Analysis

Exploratory analysis indicated that the data did not meet the presuppositions of a 
parametric analysis and was analyzed through generalized linear models. The param-
eters L*a*b* followed the model of repeated measurements in time, but as significant 
differences between the groups appeared at the beginning, this time was considered 
as a co-variable in these models. The ∆L, ∆a, ∆b and ∆E were also calculated at dif-
ferent intervals of time and generalized linear models were applied, since the data did 
not meet the presuppositions of ANOVA. Analyses were performed in the R program, 
considering the level of significance of 5%.

Results
The results were analyzed using the CIELAB parameters and those of ∆L, ∆a, ∆b and ∆E.

In relation to the L* parameter, all the test groups showed a value of L* higher than 
that of the control group in all periods of time studied. After 06 and 12 months of 
simulated bushing, the group GT2 showed the highest values of L*, however it did 
not differ from GT1. After 24 months of simulated brushing, it was observed that the 
groups GT1 and GT2 showed higher values of L*, not differing significantly from GT3 
and GT5 (Table 3).

Table 3. Median (minimum; maximum) of the variable relative to color (values L, a and b) in function of 
group and time.

Variable Group
Time

1Initial (Covariable) 26 months 312 months 424 months

L

CG 55.15 (39.40; 69.00) 54.70 (39.50; 69.70) Ad 56.60 (38.20; 70.40) Ac 55.75 (37.80; 70.40) Ad

GT1 64.50 (32.20; 71.10) 74.95 (42.90; 76.90) Ca 75.40 (45.10; 79.70) Ba 78.35 (51.90; 81.90) Aa

GT2 66.30 (55.00; 74.70) 75.20 (60.90; 85.40) Ba 77.25 (63.00; 86.30) Ba 78.15 (64.60; 87.00) Aa

GT3 60.75 (50.90; 74.70) 74.00 (50.60; 82.80) Cc 75.40 (55.60; 86.40) Bab 76.90 (69.50; 86.40) Aab

GT4 49.05 (25.80; 70.20) 74.30 (43.70; 87.90) Ab 71.00 (62.20; 79.30) Ab 72.40 (68.30; 79.30) Abc

GT5 56.50 (44.80; 67.40) 71.45 (53.50; 75.90) Cc 74.45 (58.90; 79.00) Bb 75.40 (61.00; 81.50) Aab

a*

CG 19.60 (11.40; 25.80) 17.35 (11.16; 25.80) Aa 19.25 (11.20; 26.40) Aa 19.40 (11.10; 26.00) Aa

GT1 12.15 (7.40; 24.60) 8.00 (4.10; 21.40) Ae 7.05 (3.30; 24.10) Ad 5.50 (2.50; 21.70) Acd

GT2 11.15 (4.50; 14.30) 6.20 (0.30; 9.80) Aef 5.10 (-0.10; 9.80) ABd 5.25 (-0.40; 8.60) Bcd

GT3 13.00 (8.00; 20.60) 5.95 (3.70; 13.30) Af 5.80 (3.50; 13.20) Bd 4.90 (1.50; 9.00) Cd

GT4 21.65 (9.00; 29.90) 9.00 (2.80; 24.20) Ad 9.25 (5.70; 15.30) Ab 7.95 (5.70; 11.20) Ab

GT5 16.90 (7.50; 23.20) 10.45 (4.80; 13.50) Ac 8.95 (4.20; 12.70) Bbc 7.45 (3.70; 11.80) Ccd
Continue
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Analyzing the ∆L after 06, 12 and 24 months of simulated brushing, all the test groups 
showed higher ∆L than the CG. However there was no statistical difference in the 
three time periods studies between the test groups (Table 4).

Variable Group
Time

1Initial (Covariable) 26 months 312 months 424 months

b*

CG 43.10 (35.60; 48.20) 42.30 (35.30; 47.40) Aa 43.15 (32.60; 47.30) Aa 43.10 (33.20; 47.60) Aa

GT1 43.85 (29.30; 47.10) 41.05 (34.60; 44.60) Aa 39.80 (34.90; 44.90) Aab 38.55 (34.20; 44.60) Aab

GT2 43.70 (37.70; 45.60) 39.65 (30.80; 43.00) Aa 38.25 (31.50; 43.10) Aab 37.50 (32.50; 42.40) Aab

GT3 43.65 (40.50; 46.80) 38.70 (33.50; 43.90) Aa 38.55 (33.00; 44.00) Aab 37.00 (34.30; 41.90) Aab

GT4 40.10 (17.40; 44.90) 37.95 (33.60; 46.10) Ba 43.50 (37.60; 51.00) Aa 42.90 (36.00; 49.10) Aba

GT5 43.05 (40.00; 46.40) 41.20 (34.10; 46.70) Aa 41.40 (34.70; 45.50) Aa 41.25 (35.40; 45.10) Aab
1Before brushing, 2 25,000 cycles, 350,000 cycles and 4100,000 cycles. Distinct letters (capital letters on the 
horizontal small letters on the vertical show the statistically significant differences (p≤0.05).
Valor L*: p(grupo)<0,0001; p(tempo)=0,0002; p(interação)=0,7009
Valor a*: p(grupo)=0,0031; p(tempo)<0,0001; p(interação)=0,0049
Valor b*: p(grupo)=0,041; p(tempo)=0,0004; p(interação)<0,0001

Continuation

Table 4. Median (minimum; maximum) of the variables relative to color (ΔL, Δa and Δb) in function of 
group for each time interval.

Variable Group
Time

0 to 6 months 0 to 12 months 0 to 24 months

ΔL

CG 0.40 (-0.60; 5.50)c 1.55 (-1.20; 2.60)b 0.50 (-3.40; 2.80)b

GT1 10.00 (5.80; 12.20)ab 11.05 (8.40; 14.00)a 14.90 (10.30; 19.70)a

GT2 10.10 (5.10; 13.50)ab 11.55 (4.40; 14.50)a 11.65 (9.60; 17.00)a

GT3 13.20 (-8.40; 20.60)ab 13.85 (-3.40; 23.90)a 16.10 (10.50; 24.00)a

GT4 19.95 (8.80; 35.10)a 24.00 (0.80; 49.40)a 25.15 (1.30; 50.90)a

GT5 12.65 (0.10; 24.00)ab 14.10 (5.50; 30.90)a 15.00 (7.60; 29.80)a

p-value <0.0001 0.0009 0.0003

Δa

CG -0.07 (-7.30; 1.23)a -0.20 (-1.50; 0.90)a 0.10 (-2.50; 1.60)a

GT1 -3.90 (-6.00; -3.00)ab -5.20 (-6.70; -0.50)ab -6.05 (-8.60; -2.90)ab

GT2 -4.60 (-5.60; -3.00)b -4.55 (-7.50; -2.80)ab -5.30 (-7.50; -2.40)ab

GT3 -5.70 (-11.00; -0.10)b -5.80 (-11.90; -1.80)b -6.90 (-12.60; -5.60)b

GT4 -7.90 (-17.40; 1.20)b -10.55 (-22.20; 3.10)b -12.65 (-22.60; 2.10)b

GT5 -4.55 (-11.70; -1.90)b -5.95 (-13.80; -2.90)b -6.60 (-14.90; -3.80)b

p-value 0.0004 0.0007 0.0003

Δb

CG -0.55 (-1.70; 2.00)ab -0.10 (-3.00; 1.40)ab -0.60 (-3.50; 1.30)ab

GT1 -2.80 (-3.80; 5.30)abc -3.95 (-5.20; 9.60)abc -5.80 (-7.80; 12.10)bc

GT2 -3.95 (-6.90; -2.10)bc -4.65 (-7.30; -1.50)bc -4.75 (-7.10; -1.70)bc

GT3 -5.05 (-7.10; -1.70)c -5.35 (-9.40; -1.60)c -6.25 (-9.00; -0.70)c

GT4 0.35 (-11.30; 20.60)abc 2.95 (-2.20; 28.10)a 3.15 (-1.80; 26.80)a

GT5 -1.55 (-17.80; 15.70)abc -2.20 (-18.90; 15.90)abc -1.95 (-19.00; 16.90)abc

p-value 0.0004 <0.0001 <0.0001
*Distinct letters on the vertical side indicate statistically significant differences (p≤0.05).



7

Odilon et al.

In relation to the a* parameter, all the test groups showed lower a* values than that of 
CG in the three periods studied. Comparing the groups, after 06 months of simulated 
brushing, the GT3 group showed a lower value of a*, not differing significantly from GT2. 
After a period of 12 months, the GT2 group showed a lower value of a*, not differing 
statistically from GT1 and GT3. And after 24 months of simulated brushing, the GT3 
showed a lower value of a*, not differing statistically from GT1, GT2 and GT5 (Table 3).

In relation to ∆a, over the interval of 0-6 months, all the groups showed a ∆a sta-
tistically greater than that of the control group except GT1. Over the period of 0-12 
months and 0-24 months, the groups GT3, GT4 and GT5 showed a ∆a statistically 
higher than that of CG (Table 4).

In relation to the b* parameter, after the periods of 06, 12, and 24 months of simulated 
brushing, there were no statistical differences between the CG and test groups (Table 3). 
As to the ∆b, in the three periods of time studied, it was observed that the GT3 showed 
a higher ∆b and was the only group which differed statistically from the CG (Table 4).

In the time intervals of 0-6, 0-12 and 0-24 months, all the groups presented a ∆E sig-
nificantly higher than that of the CG. The GT4 group showed a higher ∆E, not differing 
statistically from GT3 in the three periods of times studied and from the GT5 at the 
interval of 0-6 months (Table 5).

Discussion
The literature relative to the evaluation of color through the individual parameters of 
CIELAB demonstrates that the perception of dental whitening occurs with the increase 
of L*, decrease of b* and to a lesser degree the decrease in the a* parameter1,8.

The whitening agents can be incorporated into toothpastes to be used for daily oral 
hygiene. In general, whitening toothpastes promote teeth whitening through the abra-
sive removal of the extrinsic stains on the enamel13. The abrasives have the capacity 
to polish the surface of the enamel, according to the format and size of the abrasive 
particles, resulting in surface smoothness and an increase in the luminosity of the 
surface of the tooth14, directly influencing the value of the L* parameter of the CIELAB 
system, which represents the luminosity of the surface.

Table 5. Median (minimum; maximum) of ΔE.

Group
Time

0 to 6 months 0 to 12 months 0 to 24 months

CG 1.38 (0.33; 8.19) c 2.29 (0.86; 3.31) c 2.08 (1.21; 4.89) c

GT1 11.40 (7.45; 13.61) b 13.02 (10.22; 16.09) b 17.33 (12.54; 23.30) b

GT2 11.82 (7.71; 15.21) b 13.43 (7.21; 15.84) b 14.05 (11.11; 19.05) b

GT3 15.00 (9.14; 23.72) ab 16.06 (8.43; 27.09) ab 18.74 (13.82; 27.85) ab

GT4 22.37 (11.19; 39.18) a 26.83 (7.16; 61.01) a 27.84 (5.58; 61.80) a

GT5 14.91 (3.34; 26.88) ab 15.99 (8.41; 33.77) ab 16.38 (11.44; 33.16) b

p-value <0.0001 0.0001 0.0001
* Distinct letters on the vertical side show the statistically significant differences (p≤0.05)



8

Odilon et al.

In the present study, all the whitening toothpastes and for conventional use have the 
mechanical agent hydrated silica isolated or associated with mica, in their formula-
tion. This suggests that the presence of abrasives results in the polishing of the sur-
face of the specimens, increases shine, and thus justifies the greater ∆L observed 
in the test groups, even those brushed with conventional use toothpaste. However, 
different concentrations, shapes and sizes of the abrasive particles present in the 
toothpastes can explain the different values of luminosity in each group when evalu-
ating the L* parameter in an isolated manner.

The parameter a* considers the pivot of the red-green color, so after dental whitening 
there is a reduction in the value of a*. However, according to the literature, this param-
eter has less influence on the perception of tooth whitening3,15. In the current study, all 
the test groups showed lower values for a* than the control group. This finding can 
also be justified by the presence of mechanical agents in all the toothpastes evaluated 
which resulted in the removal of extrinsic stains on the enamel.

Studies affirm that the reduction in the b* parameter is the most important factor for per-
ception of tooth whitening, principally when the optical whitening agent blue covarine is 
used1,3. In the current study, when the b* parameter was evaluated in an isolated manner, 
there was no difference observed between the test groups and the control group. How-
ever, in ∆b, only the GT3 differed statistically from the control group in all the intervals of 
time studied. Analysis of the formulation of GT3’s toothpaste showed the presence of 
two mechanical whitening agents, hydrated silica and mica, as well as blue covarine and 
the blue pigment evident, which when associated, seems to result in a whitening effect3.

In addition to the abrasive agents, surfactant active and anti-plaque/anti-calculus 
agents help in tooth whitening. The surface-active agents act by removing the hydro-
phobic compounds from the surface of the tooth, while the anti-plaque/anti-calculus 
agents prevent deposit of the chromophores on the surface of the enamel and inhibit 
the formation of calculus, where the formation of extrinsic stains could occur5.

The GT3 group was the only one to show two surface active agents and three anti-cal-
culus agents simultaneously in its composition. According to the literature, sodium 
laurylsulphate5,16 and cocamidopropil betaine16 are the surface active and the anti-cal-
culus agents are pentasodium triphosphate5,16, tetrapotassium pyrophosphate5,16 and 
sodium hydroxide16.Thus, the composition of the mechanical and optical whitening 
agents and agents which aid in the whitening present in the formulation of tooth-
pastes of the GT3 seems to explain the results observed in this group.

The ∆E represents the variation of color of the same object from those of ∆L, ∆a, ∆b 
calculated together12. In the current study, all the test groups showed significantly higher 
∆E than the control group, and this finding could be justified by the presence of the 
mechanical agent hydrated silica which is present in all the whitening toothpastes and 
for conventional use. However, in the comparison between the test groups, only GT4 
differed from GT1, the group brushed with all the whitening toothpastes and for conven-
tional use toothpaste. Such a finding can be justified by the different concentrations of 
whitening agents present in their formulations. However, due to the patent rights of the 
manufacturers, access to the detailed information about the composition of the tooth-
pastes is limited. Thus, conclusive comparisons could not be undertaken17.
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The literature is controversial in relation to the influence of the CIELAB parameters on 
the perception of the color alteration when evaluated separately. Some authors report 
that the b* parameter is the most important for tooth whitening7,18, while other authors 
observe greater alteration in the L* parameter after whitening19,20. Further, there are 
studies which point out that the results of the three parameters influence in the same 
way for whitening21,22. However, when analyzing the results of the studies, the fact that 
the research was performed using different methodologies, different types of whiten-
ing materials, agents and methods should be taken into consideration, and therefore 
there was no consensus in the literature. In the current study, it was observed that in 
the GT4 group, which had the greatest variation in color, the parameters which were 
most prominent were the ∆L and ∆a, suggesting that these parameters had more 
influence on the result than ∆E.

In light of this, it is possible to conclude that the simulated brushing of the bovine 
enamel with the whitening and conventional toothpastes promoted a whitening 
effect, mainly due to the presence of abrasive and mechanical agents, and that the 
presence of other components in the formulation seems to help in the removal of 
extrinsic stains.

In conclusion, mechanical whitening and optical agents influence the values of L*a* 
and b*, as well as their variations in ∆E, after simulated brushing, resulting in improve-
ment in the color of bovine enamel. However, it is important to emphasize that to 
analyze dental whitening through the CIELAB system, it is necessary to evaluate the 
parameters together.
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