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Clinical Relevance

Based on the results obtained in this study, in which no statistical differences in the degree
of whitening with the different gels were found, we would recommend the use of gels at a
lower concentration.

SUMMARY

Objective: This randomized clinical trial eval-

uated the efficacy and safety of four gels of

differing concentrations used for at-home vital

bleaching.

Materials and Methods: Ninety-six volunteers

participated in the study and were divided

into four groups of 24 individuals. A gel of

differing concentration was used for each

group: 10% and 15% carbamide peroxide and

7.5% and 9.5% hydrogen peroxide. The patients

used the whitening agent in a tray without

reservoirs for one hour per day for two weeks.

The measurement of the change in tooth color

was made by two observers in the maxillary
right central incisor and with a colorimeter in
both upper central incisors and canines, using
the CIE L*a*b* and CIE L*C*h* values. Sensi-
tivity was evaluated by the participants on a
scale with values as follows: 0 = absent, 1 =
minor, 2 = moderate, 3 = considerable, 4 =
severe.

Results: At the baseline, the observers noted
darker colors than the colorimeter (p,0.01),
and there were differences between incisors
and canines in all the CIE L*a*b* and CIE
L*C*h* values (p,0.001). In all of the groups
and for all of the CIE L*a*b* and CIE L*C*h*
parameters, there were color changes in the
assessments made in the four maxillary teeth
after treatment (p,0.001). There were no dif-
ferences in DL* and DE* between the groups.
The number of patients who experienced sen-
sitivity and the intensity of the sensitivity
were not significant.

Conclusions: There were no differences in the
degree of whitening among the different prod-
ucts. With all of the products there was an
increase in L*, a decrease in chromatic inten-
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sity (C*), and an increase in the value (tone) or
hue (h*).

INTRODUCTION

Ever since Haywood and Heymann1 described night-
guard vital bleaching in 1989, there have been
various concentrations of hydrogen peroxide (HP)
and carbamide peroxide (CP) used for at-home vital
bleaching.2,3 The American Dental Association only
considers 10% CP to be a safe whitener.4 The
Scientific Committee on Consumer Products of the
European Commission states that those whitening
products with a HP concentration higher than 6%
cannot be considered safe for the consumer.5

The principal compound responsible for dental
whitening is HP (H

2
O

2
).6 A 10% CP gel is composed

of approximately 3.5% H
2
O

2
and 6.5% urea.7 There-

fore, a 3.5% HP concentration should have a
whitening effect similar to a 10% CP.8 A 25% CP
gel is composed of 8.7% H

2
O

2
and thus would be the

equivalent of a 7.5% HP gel.9

There are different protocols in the daily applica-
tion time for gels applied with a tray: 30 minutes,
one hour, two hours, and up to eight hours
overnight.10 Dental sensitivity and gingival irrita-
tion are well-known side effects.11-13 Numerous
clinical studies demonstrate the effectiveness of at-
home vital bleaching.14 The evaluation of the
whitening effectiveness is made through observa-
tion and color guides, in particular the Vitapan
Classical guide (Vita Zahnfabrik, Bad Säckingen,
Germany)15-18; the colorimeter10,19-21; image digital-
ization; and software evaluation.22-25

The Commission Internationale d’Eclairage devel-
oped the CIE L*a*b* system.26 It is a tridimensional
grid in which all colors visible to the human eye are
located. Colorimeters or digital spectrophotometers
measure color based on the following parameters:
the lightness of the color, L* (0 being black and 100
being white); a*, in which negative values indicate
green and positive values indicate red; and b*, in
which negative values indicate blue and positive
values yellow. The difference between colors is given
by the formula DE =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DL�2 þ Da�2 þ Db�2

p
, which

does not express the direction in which the color
deviation is oriented. Based on the CIE L*a*b*, CIE
L*C*h* can be determined, whereby C* =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a�2 þ b�2
p

and represents chroma or saturation. This ranges
from 0, which represents no saturation (ie, a neutral
gray, black, or white), to 100 or more for very high
chroma (saturation) or ‘‘color purity.’’ The hue, h* =
b/

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a�2 þ b�2
p

, indicates the tone and is expressed in

degrees and thus the position of the color within a
sphere. On converting the L*a*b* coordinates to
L*C*h*, positive numbers are produced, and since
each value represents a characteristic of the color
(lightness, saturation, and tone), it is easier to
interpret the data. The differences between two
values are determined as DL* = L*

1
� L*

0,
Da* = a*

1

� a*
0
, Db* = b*

1
� b*

0,
DC

ab
* = C*

ab,1
� C*

ab,0
, and

Dh
ab
= h

ab,1
� h

ab,0
.27

The purpose of this study was to evaluate the
changes in color, by means of visual evaluation and
use of a colorimeter, of four whitening agents used at
home with customized trays for one hour per day
over the course of 14 days to show which concentra-
tion is the most effective and to evaluate the
sensitivity produced.

MATERIALS AND METHODS

This was a controlled, parallel, randomized, one-
center clinical study undertaken at the Faculty of
Medicine and Dentistry in Santiago de Compostela
(Spain) that was approved by the faculty’s ethics
committee. Ninety-six volunteers participated, 68
women and 28 men, with an average age of 25.9
years (65.6 years), selected consecutively according
to the inclusion and exclusion criteria described in
Table 1. Before beginning the treatment, all of the
participants signed an informed consent in which
the treatment they were going to receive, as well as
its side effects, were explained in detail. They were
randomly divided into four study groups of 24
individuals by alphabetical order. Each of the groups
used the following outpatient whitening gels: 10%
CP (Opalescence PF 10%, Ultradent, South Jordan,
UT, USA); 15% CP (Illuminé Home, Dentsply,
Konstanz, Germany); 7.5% HP (Poladay, SDI, Mel-
bourne, Australia); and 9.5% HP (Poladay, SDI).

At the first visit, personal information was
recorded and a dental prophylaxis (Kerr Hawe
Cleanic, Kerr Hawe SA, Bioggio, Switzerland) was
performed for all patients in order to facilitate
extrinsic stain removal. Immediately, alginate im-
pressions (Cavex, Fast Set, Dust Free, Keur &
Sneltjes, The Netherlands) were made of both
arches. After obtaining models cut in a horseshoe
shape, customized trays without reservoirs were
made using 1-mm-thick soft trays (Clear-Mouth-
guard Henry Schein Inc, Melville, NY, USA) with an
Econo-Vac machine (Buffalo Dental Manufacturing,
Syosset, NY, USA). The splints were then trimmed
to within 1 mm of the gingival margin, taking care
not to cover the interdental papillae. A positioner for
the colorimeter was also made using 4-mm-thick
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clear plates. Four orifices were made in the middle
third of the maxillary central incisors and canines of
the same diameter at the point of the colorimeter’s
probe with a 6-mm external diameter trephine in
order to ensure that the color was always recorded in
the same place on the tooth (Figure 1).

The colorimeter used was a Vita Easy Shade (Vita
Zahnfabrik, Bad Säckingen, Germany). It is de-
signed for dental use and has a 6-mm-diameter
sensor. This colorimeter registers the colors of the
Vita Classical Guide and shows the L*, a*, b*, C*,
and h* coordinates of the chromatic space of the
measurement taken.

Two examiners received training through color
evaluation of 42 dental students. Measurements
were taken in the middle third of the maxillary
right central incisor. The room in which the

evaluations were made had an illumination of
6.500 Kelvin. A shade guide (Vitapan Classical, Vita
Zahnfabrik) was used and ordered by lightness
according to the manufacturer’s recommendations.
The training was completed when an 80% concor-
dance between both observers was reached by means
of the kappa test.

During the second visit, the tray and position-
finder for the colorimeter of each participant were
tested for fit. Each participant was given a whiten-
ing kit. In all of the groups, the administration of the
gel was for one hour per day over the course of two
weeks. Before beginning the treatment, the two
observers determined the initial dental color of the
middle third of the upper right-hand central incisor
using the Vitapan Classical shade guide, ordered by
lightness. To determine the clinical result and for
statistical analysis, a numeric value between 1 and
16 (shade tabs) corresponding to the sequence: B1
(1), A1 (2), B2 (3), D2 (4), A2 (5), C1 (6), C2 (7), D4
(8), A3 (9), D3 (10), B3 (11), A3.5 (12), B4 (13), C3
(14), A4 (15), C4 (16), and C4 (16) was as-
signed.10,19,21,22 For example, if after the whitening
treatment the color changed from A2 to a B1, it was
counted as a change of four shade tabs.

With the position-finder placed in the mouth, the
Vita Easyshade colorimeter was used to measure the
Vita Classical colors and L*, a*, b*, C*, h* coordi-
nates for the right and left maxillary central incisors
and canines.

The subjects registered the sensitivity they expe-
rienced during the whitening treatment on a daily
basis, filling in a questionnaire with a simplified

Table 1: Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

18 y of age or older
A minimum of 24 natural teeth, including incisors, canines,

and premolars in both arches
Good oral hygiene
Absence of periodontal disease
Sillness and Löe index �1
Absence of gingival recession
Availability in the area of the study for a minimum of 4 wk

Systematic illness; persons undergoing medical treatment
Requirement of antibiotic prophylaxis for dental treatment
Patients under analgesic and/or anti-inflammatory therapy
Pregnant or breast-feeding women
Tumors of the soft or hard tissues of the oral cavity
Xerostomia; alterations of the oral mucosa
Smokers
The presence of restorations in the six anterior teeth of either arch
Active caries
Periapical pathology
Staining due to tetracycline or fluorosis
Structural alteration of the tooth structure; Amelogenesis
Exposed dentin in anterior incisors; general hypersensitivity
Bruxism
The use of fluoride supplementation or desensitizing agent
The use of stain-inducing medications for oral use
Removable prosthesis
Currently undergoing orthodontic treatment
Having undergone any other previous whitening treatment

Figure 1. Positioner for the digital spectrophotometer.
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scale, as follows: 0 = none; 1 = mild; 2 = moderate; 3
= considerable; and 4 = severe.10,19 When a
participant had differing severities of sensitivity in
the first or second week, the highest value was
registered.

At the following visit, 14 days later, and after
having completed the treatment, the color was
determined both by the observers and the colorim-
eter, and the sensitivity survey was collected.

The assumption of normality for all variables was
analyzed by means of the Kolmogorov-Smirnov test.
For the study of the measurement of the observers
and the colorimeter via the Classical Guide, the
marginal homogeneity test was used. The study of
the CIE Lab parameters was conducted by means of
the Wilcoxon test. The Kruskal-Wallis and Friedman
tests were utilized for the study of the sensitivity
registered with the different products each day.

RESULTS

All 96 participants completed the study. The deter-
mination of color made by the observers in the
middle third of the upper central incisor of the
participants before beginning the treatment was,
according to the Vita Classical Guide shade tabs,
5.33 (63.09), whereas the color registered by the

colorimeter was 4.20 (62.89). This difference was
statistically significant (p,0.01). In the measure-
ments made with the colorimeter at the baseline in
both the central incisors and upper canines, there
were significant differences in all the CIE L*a*b*
and CIE L*C*h* parameters (p,0.001). The canines
had a lower lightness and more chromatic intensity
or saturation. Their positive values for a* (1.6 6 1.2)
indicate a redder color than was associated with the
incisors. The value h* was superior in the incisors
(93.8 6 3.1) to that in the canines (86.6 6 3.1), which
indicates that the incisors had a more yellow color.
This was also indicated by the higher positive value
for b* (Table 2).

The color changes noticed by the observers and the
colorimeter in the right upper central incisor after 14
days of treatment were significant in all of the
groups (p,0.01). If the colors noted by the observers
are compared with the data from the colorimeter,
there were significant differences between the two
groups (Table 3). With regard to the CIE L*a*b*
parameters, in all the groups, there were significant
differences noted when comparing the recordings at
the beginning and the end of the treatment (Table 4).
In all of the gels studied, on the 14th day, when the
whitening treatment was stopped, the teeth had
higher luminosity (L*) and lower chromatic intensity
(C*). The angle of the value for the color (h*)
increased, which indicates a movement from yellow
toward green. The decreases in the a* and b* values
indicate movement toward green and blue, respec-
tively. No statistically significant differences in DL*
and DE* were detected between the groups. Once the
whitening had been completed, the differences in the
results obtained between incisors and canines were
statistically significant in all of the groups and for all
of the parameters, with the color change in the
canines being most noticeable (Table 5; Figure 2).

With regard to the sensitivity reported by the
patients, no differences were found in the numbers of
patients who reported sensitivity, during the first

Table 2: The Mean (Standard Deviation, SD) of CIE
L*a*b* and L*C*h* Baseline Values Measured by
the Colorimeter in 96 Participants

Maxillary
Central Incisors

(n=192), Mean (SD)

Maxillary
Canines

(n=192), Mean (SD)

p-Value
Incisors-
Canines

L* 83.5 (4.2) 77.4 (4.3) ,0.001***

a* �1.1 (0.9) 1.6 (1.2) ,0.001***

b* 18.7 (3.5) 27.4 (3.9) ,0.001***

C* 18.8 (3.4) 27.6 (4.0) ,0.001***

h* 93.8 (3.3) 86.6 (3.1) ,0.001***

*** Statistically significant difference at 0.1% level.

Table 3: Mean (Standard Deviation, SD) Changes in Color Values of the Middle One-third of the Facial Surface of the Right
Upper Central Incisor After 14 Days, as Measured by Examiners (Visual Evaluation) and by Spectrophotometer; Vita
Classical Shade Tabs

Examiners
(n=96), Mean (SD)

Spectrophotometer
(n=96), Mean (SD)

p-Value examiners-
spectrophotometer

CP 10% 3.5 (2.2) 2.0 (1.7) ,0.05*

CP 15% 1.1 (0.7) 0.7 (0.9) 0.230

HP 7.5% 4.9 (2.3) 1.3 (1.9) ,0.001***

HP 10% 1.8 (1.6) 1.0 (2.0) 0.176

Abbreviations: CP, carbamide peroxide; HP, hydrogen peroxide.
*** Statistically significant difference at 0.1% level; * Statistically significant difference at 5% level.
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week (p=0.381), the second (p=0.103) week, or

during the 14 days of treatment (p=0.202). There

were no differences in the intensity of the sensitivity

(Table 6).

DISCUSSION

The whitening trays were not made with reservoirs.

Some researchers claim that the use of reservoirs

does not produce improved whitening28 or that they

result in whitening that is only appreciable by a

colorimeter and not with color guides or photo-

graphs.29 Kirsten and others30 affirm that the

reservoirs result in an increase in inflammation in

the gingival mucosa.

The subjectivity of the evaluation of whitening by
observers has already been described.2,31,32 Further-
more, the classic Vita guide was not designed for
judging the change in color after whitening. The
guide is also nonlinear in scale and lacks color
uniformity, while the overlap between similar colors
provides little resemblance to reality.10,33 One
explanation for observers seeing darker colors than
the colorimeter at the beginning of the study and
lighter ones at the end could be because the study
was not blinded. After undergoing the whitening
treatment in the evaluations using the Vita Classical
Guide ordered by lightness, we observed that in

Table 4: Mean (Standard Deviation, SD) Changes in
Tooth Color Values Measured by
Spectrophotometer in Both Maxillary Central
Incisors and Canines After Whitening (14 Days)

Group Mean (SD) P, 0-14 d

CP 10% (n=24)

DL* 4.4 (2.8) ,0.001***

Da* �1.0 (1.2) ,0.001***

Db* �4.3 (2.8) ,0.001***

DC* �4.4 (3.2) ,0.001***

Dh* 1.6 (2.4) ,0.001***

DE* 6.6 (3.5) ,0.001***

CP 16% (n=24)

DL* 3.7 (3.8) ,0.001***

Da* �1.2 (1.2) ,0.001***

Db* �3.8 (3.6) ,0.001***

DC* �3.7 (3.5) ,0.001***

Dh* 4.3 (3.6) ,0.001***

DE* 6.5 (4.0) ,0.001***

HP 7.5% (n=24)

DL* 3.4 (3.7) ,0.001***

Da* �1.7 (1.3) ,0.001***

Db* �5.3 (3.3) ,0.001***

DC* �5.5 (2.9) ,0.001***

Dh* 5.9 (3.4) ,0.001***

DE* 7.4 (2.6) ,0.001***

HP 10% (n=24)

DL* 3.6 (3.0) ,0.001***

Da* �1.3 (1.4) ,0.001***

Db* �4.4 (4.6) ,0.001***

DC* �4.4 (4.5) ,0.001***

Dh* 4.8 (3.9) ,0.001***

DE* 7.1 (4.0) ,0.001***

Abbreviations: CP, carbamide peroxide; HP, hydrogen peroxide.
*** Statistically significant difference at 0.1% level.

Table 5: Mean (Standard Deviation, SD) Differences in
Color Between Central Incisors and Canines
After Whitening; Measurements Taken in Both
Upper Central Incisors and Canines

Group Maxillary
Central Incisors

(n=48), Mean (SD)

Maxillary
Canines

(n=48), Mean (SD)

p-Value
Incisors-
Canines

CP 10%

DL* 2.7 (1.7) 6.0 (2.8) ,0.001***

Da* �0.1 (0.8) �2.0 (0.9) ,0.001***

Db* �2.5 (1.7) �6.1 (2.5) ,0.05*

DC* �2.7 (3.1) �6.1 (2.3) ,0.05*

Dh* 0.2 (2.0) 6.5 (3.3) ,0.001***

DE* 4.1 (1.8) 9.1 (3.1) ,0.001***

CP 16%

DL* 1.9 (2.5) 5.5 (4.0) ,0.001***

Da* �0.2 (0.5) �2.1 (1.0) ,0.001***

Db* �1.9 (2.7) �5.8 (3.3) ,0.001***

DC* �1.9 (2.4) �5.4 (3.5) ,0.001***

Dh* 2.1 (2.5) 6.5 (3.3) ,0.001***

DE* 4.0 (2.3) 9.1 (3.8) ,0.001***

HP 7.5%

DL* 1.2 (2.6) 5.5 (3.5) ,0.001***

Da* �0.7 (0.5) �2.7 (1.2) ,0.001***

Db* �3.9 (2.0) �6.7 (3.7) ,0.001***

DC* �4.0 (1.6) �7.0 (3.2) ,0.001***

Dh* 4.8 (2.5) 7.0 (3.9) ,0.01**

DE* 5.0 (1.8) 9.8 (3.5) ,0.001***

HP 10%

DL* 1.8 (1.6) 5.5 (3.1) ,0.001***

Da* �0.4 (0.7) �2.3 (1.3) ,0.001***

Db* �3.3 (3.0) �5.6 (5.5) ,0.001***

DC* �3.1 (3.0) �5.7 (5.4) ,0.001***

Dh* 3.2 (3.9) 6.5 (3.3) ,0.001***

DE* 4.6 (2.3) 9.7 (3.8) ,0.001***

Abbreviations: CP, carbamide peroxide; HP, hydrogen peroxide.
*** Statistically significant difference at 0.1% level; ** Statistically significant
difference at 1% level; * Statistically significant difference at 5% level.
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some cases, the color was considered by the observ-

ers to be even lighter than B1, a lightness score that

could not be quantified. In similar studies in which

10% CP was used, observers determined with the

Vita Classical Guide that there had been whitening

of 5.410 and 3.85 shade tabs.23 In this study, the

whitening measured 3.59 shade tabs.

In the majority of the studies on the subject,
positioners were not designed to ensure that the
colorimeter would always measure the color at the
same place.19,21,34 The teeth in which the measure-
ments were made varied according to the study, with
measurements occurring in the upper central inci-
sors,10,24 the upper lateral and central incisors,15,18

in the six anterior maxillary teeth,13,16,19,21,22,25 or in
the upper and lower anterior teeth.20 In this study
and in others35 it has been determined that, between
nonwhitened incisors and canines, there are statis-
tically significant differences in the CIE L*a*b*
values. Additionally, it has been affirmed that the
data obtained by different colorimeters are not
comparable.36-39 When software for the analysis of
images obtained by a photographic camera is used to
measure the degree of whitening, it is always
different.22-25

Meireles and colleagues19 used the same colorim-
eter to measure the color in the six anterior teeth
after a two-hour daily application (over the course of
three weeks) of 10% CP: DL* = 3.8, DE* = 4.3 and
16% CP DL* = 3.7, DE* = 4.6. For the same
concentrations of whitening agent, our results, DL*
= 4.41 and 3.73 and DE* = 6.67 and 6.57, were
measured in central incisors and canines, respec-
tively. Using a Vita Easyshade Compact colorimeter
for a 10% CP treatment applied for one hour per day
over the course of 16 days, Cardoso and colleagues10

measured DE* = 5.8 in the upper central incisor.
Our result for 10% CP in the incisor measurements
was DE* = 4.18.

Studies in which different concentrations of CP
(10%, 15%-17%) are compared have concluded that
the whitening results are similar18-20 or, on the
contrary, that higher concentrations whiten more.40

Delgado and colleagues16 affirm that there are no
differences between 9% HP and 20% CP. Comparing
7.5% HP and 20% CP, Ziebolz and colleagues24 did
not see differences in DL* and Da*. This finding
coincides with our results, in which no significant
differences were found in DL* and DE* in the study
groups.

The evaluation of sensitivity is reported by
patients on a scale that is different in each study:
‘‘Yes’’ or ‘‘No,’’15 from 0 (none) to 4 (severe),10,19,40

and from 0 to 10 (high hypersensitivity).24 In those
studies19,24,25,40 in which a scale similar to the one
used in this work was used, the average intensity
of the sensitivity provoked by at-home whitening,
as in this study, was never ‘‘considerable’’ or
‘‘severe.’’

Figure 2. (A) Mean values of the changes in lightness (DL*)
measured with the colorimeter in upper central incisors and canines
after 14 days of treatment. (B) Mean values of the changes in DE*
measured with the colorimeter in upper central incisors and canines
after 14 days of treatment. (C) Mean values of the changes in value or
tone (h*) measured with the colorimeter in upper central incisors and
canines after 14 days of treatment.
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In other works, the percentages of participants
who had sensitivity with the 10% CP varies from
13%, with a one-hour daily application,10 to 41% and
43% for 16% CP applied for two hours per day.19 In
our study, the figure was 54% for a one-hour daily
application for both concentrations. With the 7.5%
HP, the sensitivity was 44%24 and 58% in the present
study. We registered 58% of patients reporting
sensitivity with the 9.5% HP, whereas in another
study in which 9.5% HP was applied for 30 minutes
daily over the course of nine days, it did not surpass
30%. Meireles and colleagues19 affirm that 16% CP
provokes more sensitivity than does 10% CP. Ziebolz
and colleagues24 maintain that more sensitivity
occurs with 20% CP than with 7.5% HP, whereas in
another study,40 as in the present work, there were
no significant differences between these concentra-
tions. Furthermore, the CP gels used in this study
used desensitizing products in their composition.

CONCLUSIONS

Based on the results obtained in this study, in which
no statistical differences in the degree of whitening
with the different gels were found, we would
recommend the use of gels at a lower concentration,
as is recommended by the American Dental Associ-
ation and the Scientific Committee on Consumer
Products of the European Commission. As a result of
the use of different colorimeters or photographic
cameras with measurements taken on different
teeth, we believe that studies evaluating the effec-
tiveness of whitening treatments are difficult to
compare results. A standardized method is needed
for the evaluation of the effectiveness of whitening
and the safety of gels applied at home. All of the
products used produced a lowering of chroma or
saturation and an increase in lightness and hue.
Negative a* and b* values indicate a movement in
the chromatic space toward green and blue, respec-
tively. These changes were more noticeable in the
canines.
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