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Effect of whitening dentifrices: a 
double-blind randomized controlled trial

Abstract: The aim of this clinical study was to evaluate tooth color 
changes (ΔE) and tooth sensitivity (TS) associated with whitening 
dentifrices. Sixty participants were selected according to inclusion 
and exclusion criteria and then allocated to three groups (n = 20): 
Colgate Luminous White (G1), Close Up White Now (G2) and Sorriso 
dentifrice (G3-control). The participants were instructed to use only 
the provided dentifrice and toothbrush in standardized oral hygiene 
procedures for 4 weeks. ΔE was assessed by spectrophotometry 
(CIELab System) whereas TS was determined by a visual analog scale 
at baseline and weekly using four assessment points. The data were 
analyzed by two-way ANOVA and Tukey’s post-hoc test and Friedman 
test (α = 0.05). ΔE (baseline-assessment point 4) showed no significant 
difference (p>0.05) across the groups: G1 (ΔE = 5.1), G2 (ΔE = 6.8), 
and G3 (ΔE = 4.4). Δb (baseline-assessment point 4) was significantly 
different (p < 0.05) in G2 (3.8) when compared to G1 (-0.2) and G3 (0.3). 
There was no significant difference (p > 0.05) in TS at baseline. Both the 
control and whitening dentifrices caused similar tooth color changes 
(ΔE). There was no significant TS during the study period. 

Keywords: Treatment Outcome; Color; Dentin Sensitivity; Toothpastes; 
Tooth Bleaching.

Introduction 
Dentifrices claiming whitening properties are largely available all 

over the world and are the most accessible over-the-counter option to 
those who want to whiten their teeth, as tooth color has become an 
esthetic concern, especially in recent years.1 Studies have shown that 
dissatisfaction with discolored teeth ranges from 18 to 53%,2 being observed 
in approximately 40% of individuals aged 16 to 54 years.1 In this sense, 
whitened teeth may influence quality of life as they improve satisfaction 
with dental appearance.3 There are many approaches to manage intrinsic 
and extrinsic tooth discoloration, including at-home and in-office tooth 
bleaching treatment supervised by the dentist, restorative treatment, and 
even prosthetic treatment. 

Access to in-office treatments is restricted to part of the population. 
Therefore, there has been an interest in developing methods so that patients 
can remove stains and apply tooth whitening at home. Accordingly, 
dentifrices, due to their ease of use and low cost, have been used as 
vehicles for whitening agents. Some in vitro studies attest the effectiveness 
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of whitening dentifrices4,5,6 and some published 
clinical trials demonstrate greater effectiveness 
of one or another product.7,8,9,10,11 In general, these 
studies have argued that whitening dentifrices may 
reduce or significantly inhibit the extrinsic staining 
of natural teeth compared to control dentifrices. 
Despite methodological differences, most studies 
have used the CIELab system to observe enamel color 
changes; however, they have not evaluated all of the 
available parameters. They have observed only the 
delta E; but considering color or even staining, the 
changes from red to green and from yellow to blue 
and in luminosity are actually important.

The CIELab color scale is based on three 
elements: hue, chroma, and lightness (value), 
in which L* represents lightness, and a* and b* 
represent the color-opponent dimensions on a 
red/green and yellow/blue axis, respectively. Along 
the a* axis, positive values indicate a tendency 
towards red and negative values a tendency towards 
green. Along the b* axis, negative values indicate 
a tendency towards blue and positive values a 
tendency towards yellow.12

This scale may be used in every object whose color 
can be measured. It is actually the most widely used 
system in different studies6,12,13,14 and it is recommended 
by the American Dental Association.15 Also, there 
are delta values associated with this scale (ΔL*, Δa*, 
and Δb*) which indicate how the sample differs 
from the standard for L*, a* and b* and are used to 
calculate total color difference (ΔE) by the formula 
ΔE = [(ΔL*) 2 + (Δa*) 2 + (Δb*) 2 ]1/2.16

Whitening dentifrices include different active 
ingredients in their composition, such as chemical 
and optical agents, and normally contain a higher 
amount of abrasives and detergents than do 
conventional dentifrices.2,17 Even though chemical 
action is not well elucidated, abrasive components 
associated with tooth brushing seem to be the 
main factor leading to the tooth whitening effect 
as a result of stain removal.6,18,19 In this sense, it is 
important to point out that dentifrices with higher 
amounts of abrasive may produce increased surface 
roughness in dental tissues20,21 or restorations,22 
dentin abrasion,18 or even tooth sensitivity,23 
especially if they are used routinely.

In this way, our research hypothesis is that two 
commercially available whitening dentifrices are 
efficient because they change tooth color without 
causing side effects (e.g., tooth sensitivity – TS). 
To test this hypothesis, Colgate Luminous White® 

(Colgate-Palmolive Company, São Paulo, Brazil), 
Close Up White Now® (Unilever, São Paulo, Brazil), 
and Sorriso® (Colgate-Palmolive Company, São 
Paulo, Brazil) dentifrices were clinically evaluated 
and compared as to their capacity of altering tooth 
color, using the colorimetric index according to the 
CIELab model and assessing tooth sensitivity by the 
visual analog scale (VAS).

Methodology
This was a double-blind, randomized controlled 

trial conducted at the School of Dentistry of Ribeirão 
Preto, University of São Paulo, Brazil, following the 
guidelines published by Consolidated Standards 
of Reporting Trials (CONSORT). The study was 
approved by the local Ethics Committee (Protocol 
no. 01546412.4.0000.5419) and complied with the 
Declaration of Helsinki. The clinical trial was 
registered at the U.S. National Institutes of Health 
(ClinicalTrials.gov) #NCT02483013.

The sample size was calculated by the G Power 
software.24 With a 95% confidence interval, an 80% 
power, and an effect size2 of 80%, a sample size of 
n = 60 (20 in each group) was necessary.

Subjects who desired to participate in the study were 
examined and selected according the following inclusion 
criteria: (a) age over 18 years, (b) at least six anterior 
teeth without restorations, and (c) good general and 
oral health (no dental caries and periodontal disease). 
The exclusion criteria were: (a) tooth sensitivity, (b) any 
condition that could cause tooth sensitivity (non-carious 
cervical lesions, dentin exposure), (c) participants under 
orthodontic treatment, and (d) smokers. 

The selected participants signed an informed 
consent form. Sixty eligible participants were randomly 
allocated, by using sequentially numbered envelopes, 
to one of the following three groups according to the 
dentifrice used (n = 20): Colgate Luminous White (G1), 
Close Up White Now (G2), and Sorriso (G3 – Control). 
Table 1 shows the experimental groups and the 
composition of each dentifrice.
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One of the authors, who was not involved with 
the clinical period of the study, removed the contents 
of the dentifrices and placed them in new identical 
packages for the three experimental groups, and 
then he labeled the dentifrices with different codes; 
therefore, the examiners and the participants were 
blinded to the dentifrices being delivered. 

At the beginning of the treatment period, the 
participants received one of the three dentifrices 
and a soft-bristled manual toothbrush (Johnson & 
Johnson®). In order to standardize oral hygiene, the 
participants were instructed to perform three daily 
brushings for at least 2 to 3 minutes for 4 weeks and 
to use only the assigned dentifrice during that period. 

Tooth color and TS were assessed at baseline 
(prior to the treatment) and once weekly at the 1st 
(t1), 2nd (t2), 3rd (t3) and 4th (t4) assessment points 
by two previously calibrated blinded examiners. 
Tooth color was measured at each visit using a Vita 
Easyshade spectrophotometer (VITA Zahnfabrik, 
BadSäckingen, Germany). Color was determined 
with CIEL*a*b* parameters. Thus, the values of L* 
(lightness), a* (hue on the red-green axis) and b* 
(hue on the blue-yellow axis) were recorded. In order 
to standardize the assessment, three measurements 
were taken from the middle third of the buccal surface 
of the right central incisor.

TS was assessed by using a visual analog scale 
(VAS) whose scores ranged from zero (no pain) to 10 
(intolerable pain). A cold air (approximately 10 °C) 
stimulus was applied from a triple syringe placed 
1 cm from the buccal surface in the cervical area of 
the selected teeth (16, 11, 26, 36, 41 and 46) during 
3 seconds; additionally, a tactile stimulus (dental probe 
# 05) was applied to the cervical region (mesial and 

distal areas) of each tooth. The participants recorded 
sensitivity perception by placing a mark on the scale.

∆E was calculated in order to compare color changes. 
In addition, differences at each assessment point for a*, b* 
and L* values were considered. The data were analyzed 
by two-way ANOVA and by Tukey’s post-hoc test, using 
dentifrices and time as factors.  To observe TS, VAS values 
were evaluated with Friedman test (between the three 
groups at the 5th assessment point). The Prism software, 
version 6.0 (GraphPad, CA, USA), was used to analyze 
the data and statistical significance was set as α = 0.05. 

Results
Sixty-nine participants were screened for eligibility, 

of which 60 met the eligibility criteria. Approximately 
67% of the selected participants were women and 33% 
men, with a mean age between 19 and 36 years (Table 2). 
At the end of 4 weeks, 50 participants completed the 
study. Three, four, and three participants from G1, G2 
and G3, respectively, were lost to follow-up (Figure 1).

The analysis of variance for ∆E revealed no 
statistically significant differences (p>0.05) neither 
for the dentifrice factor nor for the assessment point 
factor during the study period. Despite no significant 
results for ∆E, its values were markedly high after 
4 weeks, implying  visible changes in tooth color in 
G1 (ΔE = 5.1), G2 (ΔE = 6.8), and G3 (ΔE = 4.4). 

Table 1. Experimental groups, dentifrice and composition. 

Group Dentifrice Composition 

G1
Colgate Luminous White® 

(Colgate-Palmolive Company,  
São Paulo, Brazil)

Water, hydrated silica, sorbitol, pentasodium triphosphate, tetrapotassium 
pyrophosphate, sodium lauryl sulfate, polyethylene, cocamidopropyl betaine, 
sodium saccharin, sodium hydroxide, sodium fluoride (1100 ppm fluoride), 
titanium dioxide, blue #1 aluminum lac. 

G2
Close up White Now®  
(Unilever, São Paulo, Brazil)

Water, sorbitol, hydrated silica, PEG-32, sodium lauryl sulfate, flavor, cellulose 
gum, sodium fluoride, sodium saccharin, PVM/MA Copolymer, glycerin, trisodium 
phosphate, dipentene.

G3  
(Control)

Sorriso®   

(Colgate-Palmolive Company,  
São Paulo, Brazil)

Calcium carbonate, water, glycerin, sodium lauryl phosphate, 
monofluorphosphate (1450 ppm), cellulose gum, pyrophosphate, sodium 
bicarbonate, benzene alcohol sodium saccharin, sodium hydroxide.

Table 2. Baseline demographic data for subjects starting the study.

Group
Number of volunteers Age

Men Women Mean Range

G1 6 14 22.2 21–24

G2 8 12 23.4 19–36

G3 6 14 23.1 19–31
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Table 3 shows the values and statistically significant 
differences of ∆E, ∆L, ∆a and ∆b for each group. G1 
participants showed significant alterations in ∆L 
when compared to assessment points t1-t2 and t2-t3. 
G2 exhibited significant alteration in ∆a between t2-t3 
and t3-t4. ∆b also showed a statistically significant 
difference in time and dentifrice factors in G2. 
Regarding time, there was a significant difference 
between Baseline-t4 and Baseline-t1, t1-t2 and t2-t3. 
Concerning dentifrices, Tukey’s test showed that, after 
4 weeks of treatment, ∆b was significantly different 
for G2 when compared with G1 and G3 (control).

TS showed no statistically significant difference 
(p>0.05) between groups and assessment points.

Discussion 
Different in vitro4,6,13 and clinical studies9,10,11,14,23 have 

investigated the effectiveness of whitening dentifrices 
and obtained contradictory results. Their efficacy has 
been determined by their relative ability to prevent 
or reduce the formation of extrinsic stains or tooth 
color changes over time.2 In particular, regarding 
tooth color change, only ΔE or other parameters from 
the scale have been considered, frequently neglecting 
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Figure 1. The consort flow chart.
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luminosity and chromaticity. Those factors change 
the optical effect of tooth color; so, even if there were 
no significant color alteration, they would provide a 
sensation of whiter teeth. In addition, possible side 
effects caused by whitening dentifrices, such as tooth 
sensitivity, requires more clinical evidence on the 
safety and effectiveness of these products.

The hypothesis of our study was accepted, as 
both whitening dentifrices tested caused clinically 
perceptible color alteration without causing TS. In this 
respect, the findings of this clinical trial reveal that 
even though there was no statistical difference in ΔE 
among the groups, the overall clinical effect showed 
that all of the dentifrices, including the control 
one, caused a clinically perceptible color alteration. 
According to the NBS criteria, the results obtained 
for ΔE after 4 weeks of treatment G1 (ΔE = 5.1), 
G2 (ΔE = 6.8) and G3 (ΔE = 4.4) are clinically perceptible 
to the human eye. By evaluating ΔE, it may be implied 
that this color alteration is related to an overall 
reduction in tooth staining. 

The main components of a whitening dentifrice 
include surfactants, polyphosphates, enzymes – some 
of which contain low peroxide concentrations and 
abrasives that are probably the primary stain removal 
ingredient in these dentifrices.6,19 In fact, whitening 
dentifrices are considered superficial stain agents 
rather than bleaching agents per se,19 since abrasive 
cleaning primarily exerts influence only on extrinsic 
stains and does not greatly influence any underlying 
intrinsic discoloration or the natural shade of the 
tooth.2 In our study, the tested dentifrices did not 
contain hydrogen peroxide in their composition; 
nevertheless, all of them, including the control one, 
had abrasive agents. Therefore, it may be suggested 
that the cause of this color alteration could result 
from the efficacy of different abrasive agents in the 
gradual removal of extrinsic stains.

The whitening effect has been associated with the 
amount of abrasives in dentifrices6 and in addition 
to type, its amount is closely related to dentifrice 
abrasiveness.4 Thus, the color alteration at different 

Table 3. Mean values and standard deviation of ∆E, ∆a, ∆b, ∆L for each group.

Variables G1 G2 G3

∆E

Baseline-t1 3,9 ± 3,0aA 5,5 ± 2,8aA 3,8 ± 2,6aA

t1-t2 4,7 ± 3,1aA 4,7 ± 3,4aA 4,1 ± 2,5aA

t2-t3 4,2 ± 2,8aA 4,8 ± 2,3aA 5,6 ± 2,8aA

t3-t4 4,5 ± 2,9aA 5,2 ± 3,9aA 5,4 ± 3,7aA

Baseline-t4 5,1 ± 2,8aA 6,8 ± 3,5aA 4,4 ± 3,0aA

∆a

Baseline-t1 -0,1 ± 0,6aA 0,3 ± 1,2aAB 0,2 ± 0,5aA

t1-t2 0,3 ± 0,6aA -0,3 ± 1,0aAB -0,1 ± 0,6aA

t2-t3 -0,1 ± 0,9aA  0,5a ± 1,2aA -0,2 ± 1,1aA

t3-t4 0,0 ± 1,1aA -0,4b ± 1,2aB -0,2 ± 0,7aA

Baseline-t4 0,1 ± 1,0aA 0,1 ± 0,9aAB 0,0 ± 0,7aA

∆b

Baseline-t1 0,0 ± 1,0aA -0,2 ± 2,6aB -0,1 ± 1,4aA

t1-t2 0,0 ± 1,9aA 0,2 ± 2,6aB 0,3 ± 2,7aA

t2-t3 0,1 ± 1,7aA 0,8 ± 1,9aB 0,3 ± 3,3aA

t3-t4 -0,4 ± 1,1aA 2,8 ± 3,9aAB 0,2 ± 2,5aA

Baseline-t4 -0,2 ± 1,4aA 3,8 ± 4,1bA 0,2 ± 1,9aA

∆L

Baseline-t1 -0,3 ± 4,8aAB -1,7 ± 5,2aA -1,7 ± 4,0aA

t1-t2 -2,2 ± 4,7aB -2,0 ± 4,7aA -0,2 ± 4,0aA

t2-t3 2,4 ± 4,0aA 2,1 ± 4,2aA 0,0 ± 5,2aA

t3-t4 -0,2 ± 5,2aAB 0,3 ± 4,3aA 2,1 ± 5,7aA

Baseline-t4 -0,4 ± 5,6aAB -0,9 ± 4,9aA 0,4 ± 5,0aA

Different uppercase letters indicate statistical significant difference (p < 0.05) within columns. Different lowercase letters indicate statistical 
significant difference (p < 0.05) within rows. 
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levels observed in all of the tested dentifrices may 
be associated with these factors. While dentifrices in 
G1 and G2 were silica-based, that in G3-control was 
the only dentifrice that contained calcium carbonate 
in its composition and was the one with the lowest 
ΔE values. Likewise, improved tooth brushing 
(frequency and technique) may have influenced the 
color alteration also observed in the control group 
(G3) due to the stain removal effect.

As to lightness, ΔL showed a significant difference 
in G1 (Colgate Luminous White) at the second and 
third assessment points; however, no differences 
were observed when this group was compared with 
the other groups. Alterations in lightness have been 
attributed to the presence of high cleaning silica and 
of polyphosphates,14 with removal of extrinsic stains 
and better results than conventional dentifrices.25 
Previous clinical studys14 has shown the lightening 
action of Colgate Luminous White, but no noticeably 
visible change after 15 days of use. In our study, 
although color alteration after 4 weeks was clinically 
perceptible, the difference in luminosity was only 
observed in the time factor. 

With respect to the b* parameter, only G2 
(Close Up White Now) showed significantly different 
Δb results (baseline-4weeks) when compared to G1 
and control. Over time, Δb was significantly higher 
after 4 weeks than in the first 3 weeks. In this regard, 
Close Up White Now contains blue covarine as 
active agent, which alters the optical properties of 
the teeth by changing the b* parameter from yellow 
to blue, with an overall improvement in perceivable 
tooth whitening.26 According to Joiner,2 silica-based 
dentifrices containing blue covarine are not only 
effective in removing extrinsic stains, but also in 
significantly whitening the intrinsic color of teeth. 
Probably, the results obtained in Δb may have been 
influenced by color alteration results, which had 
the highest values in G2 since ΔE corresponds to 
luminosity (a* and b* parameters).16

Even though abrasive agents have an important 
role in cleaning teeth,21 in high amounts, they may 
lead to increased wear and roughness of enamel and 
dentin, especially when combined with at-home or 
in-office bleaching treatments,20,21 altering restorations 
by accelerating their degradation and causing biofilm 

retention.22,27 In addition, previous clinical studies 
have reported tooth sensitivity and oral irritation 
as side effects in response to peroxide-containing 
whitening dentifrices,23 usually when associated 
with erosive forces.28

In the present study, TS was also evaluated and, 
in spite of the abrasive effect, there was no significant 
(p > 0.05) increase in TS considering the baseline 
values for G1, G2 or G3. Probably, the results found 
in our study may be associated with peroxide-free 
whitening dentifrices. Moreover, the source of 
fluoride (1,100–1,450 ppm) contained in all tested 
dentifrices has been demonstrated to be effective 
in reducing enamel solubility and in promoting its 
remineralization29 and, consequently, avoiding TS.

On the other hand, it is important to mention some 
limitations of this study. The age of the participants 
(younger subjects) who are more interested in having 
whitened teeth, the renewed interest in tooth brushing, 
and the improved behavior of participants who are 
aware of being observed (‘Hawthorn effect’)30 may have 
influenced the results. Noteworthy, the participants 
included in this study had good oral hygiene and no 
conditions that could cause TS. Considering that tooth 
brushing is a daily procedure, further studies will 
be needed to corroborate these findings, especially 
when associated with other procedures, such as 
bleaching.  Furthermore, it would be important to 
design long-term clinical trials with these types of 
products to observe for how long they can be safe and 
effective. Taking into account the limitations of this 
study, our findings show that the tested dentifrices 
were capable of altering tooth color after 4 weeks of 
use without causing TS.

Conclusion
The tested whitening and control dentifrices showed 

a similar and clinically perceptible performance in 
tooth color change (∆E) without causing significant TS.
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