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The change of teeth color, whiteness
variations and its psychosocial and self-
perception effects when using low vs. high
concentration bleaching gels: a one-year
follow-up
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Abstract

Background: Dental bleaching in traditional concentrations generates greater sensitivity. In this respect, new
systems of lower concentration of hydrogen peroxide for tooth bleaching appeared, with color stability unknown
over time. The aim of this study was to compare the change and stability of color with low-concentration (6%)
hydrogen peroxide gel in an in-office bleaching setting relative to conventional 37.5% gel, including their effects on
psychosocial and esthetic self-perception, after 1 year.

Methods: Patients (n = 25) were assessed at 12 months post bleaching treatment (whitening with 6% chemo-
activated alkaline formula gel versus 37.5% traditional concentration gel). Color changes were measured objectively
using total variation in color (ΔE), and subjectively using Vita Classical and Vita Bleached scale (ΔSGU) by calibrated
evaluators (Kappa = 0.85). The Psychosocial Impact of Dental Aesthetics Questionnaire (PIDAQ) and Oral Health
Impact Profile (OHIP-14) aesthetic questionnaires were used to measure the self-perception and the psychosocial
impact of the bleaching protocols.

Results: The effect (ΔE) of 37.5% HP (8.37 ± 2.73) was significantly better than that of 6% HP (5.27 ± 2.53) in terms
of color rebound after 1 year of follow-up. There were significant differences in psychosocial impact and esthetic
self-perception measurements prior to bleaching versus one-year post-whitening time points; positive effects were
maintained.

Conclusions: Low concentration (6%) achieved effective bleaching with good stability after 1 year, accompanied
by a positive psychosocial impact and enhanced self-perception at follow-up.

Trial registration: NCT03217994 (before enrollment of the first participant). Data register: July 14, 2017.
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Background
Teeth whitening is a safe and widely used procedure
which is frequently requested by patients searching for
aesthetic improvement, despite some reported biological
side effects [1]. As a routine procedure, the quantifica-
tion of tooth whitening and the efficacy of its effects has
turned into a crucial concern.
Traditionally, dentists determine the color of human

teeth via visual comparison to a reference standard set
called a shade guide. Alternatively, the instrumental as-
sessment provides quantitative and objective data which
through the use of some indexes widely used allow for
proper interpretation of them. The list of indexes in-
cludes the CIE whiteness index WIC, the whiteness
index according to ASTM E-313-73 WI, and the Z%
index. A whiteness formula (WIO) that optimizes the
original CIE whiteness formula (WIC) has been devel-
oped, rendering the best performance for the prediction
of tooth whiteness [2, 3]. Gerlach considered an index
that tried to explain better the differences in whiteness
based on the difference in maximum luminosity (L-100)
and incorporating it into a formula similar to that of
delta E to explain its delta W [4]. Pérez et al. [5] pro-
posed a new index (WID) that outperformed previous
indices when it comes to evaluation of whiteness in den-
tistry by providing a better correlation with visual
perception.
Regarding the bleaching product, traditionally a chem-

ically activated gel of low concentration of hydrogen per-
oxide has shown lower efficiency than a higher
concentration one; in the same application time, how-
ever, a new alkaline formulation has shown color
changes of over 5 ΔE units [6]. Home whitening which
is considered the conventional and gold standard
method uses 10% or 16% carbamide peroxide, which
represents low concentrations of hydrogen peroxide but
is performed for a much longer time than in-office
whitening.
The low-concentration product in office whitening

has demonstrated promising results including high ef-
ficacy with very low postoperative sensitivity. The al-
kalinity of this product would play a key role
accelerating the chemical reaction and improving the
effectiveness when compared to others systems of
similar concentration [7, 8].
At the same time, despite their importance, reports

about longevity [9–11], and the relationship between
dental whitening and quality of life [12–14] are limited,
besides relatively few clinical studies have assessed the
effectiveness, and psychological effects of tooth whiten-
ing in a long-term follow-up [15, 16]. In this sense, it is
essential to study patients’ self-perception concerning to
whitening psychosocial impact and whitening duration
[17]. Recent studies suggest that extra and intracoronal

tooth whitening can produce positive psychosocial out-
comes and increase the self-image of the patients [18].
However, there are few reports [15, 19] of the psycho-
social and self-perception effects of low concentration
gels (6% hydrogen peroxide) in a prospective and longi-
tudinal follow-up study.
This study compared the stability and color rebound

at 12 months after using a low concentration alkaline 6%
hydrogen peroxide gel versus a conventional 37.5% gel
in an office whitening procedure. The color was assessed
using regression by standard methodologies and white-
ness indexes (WI and WID). Additionally, the psycho-
social effects and effects on self-perception were
evaluated during 1 year of follow up.
This study tested three null hypotheses: 1) there will

be no color rebound after 1 year of follow-up in patients
treated either with 6% or 35% hydrogen peroxide gel and
2) The color difference of the 2 whitening systems will
be maintained at 1 year of follow-up and 3) there will be
no variation in the psychosocial and self-perception ef-
fects in the patients, after teeth whitening, a year later.

Methods
Sample and ethical approval
This study was a randomized and prospective double-
blind clinical trial with 1 year of follow-up. The design is
shown in Fig. 1 and follows the CONSORT (Consoli-
dated Standards of Reporting Trials) recommendations
and the principles of the Helsinki Convention. The study
was approved by the local Committee of Ethics approval
number (15/001) and registered in ClinicalTrials.gov
(NCT03217994) on July 14, 2017. All Participants signed
an informed consent form approved by the Ethics Com-
mittee of the Faculty of Dentistry of the University of
Chile.

Selection of the sample
Thirty-five patients were recruited from the Faculty of
Dentistry of the University of Chile. These patients had
asked for a whitening treatment and volunteered to par-
ticipate in the study by signing an informed consent
form approved by the Ethics Committee of the Faculty
of Dentistry.
All of these patients met the following inclusion

criteria:

– Age 18 or older (both sexes).
– At least six upper healthy frontal teeth, with no

restorations or crowns.
– A color A3 or darker (using the Vita classical scale)

as determined using a spectrophotometer (Vita Easy
Shade® Compact, Vita Zahnfabrik) in the middle
third on the buccal surface of central incisors.

– The following exclusion criteria were used:
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– Pregnancy or lactation.
– Bruxism or tooth sensitivity.
– Teeth with prior whitening treatment (either at

home or in-office).
– Teeth with visible dental cracks, developmental

defects, or tetracycline or fluorosis discoloration.
– Presence of non-carious cervical lesions
– Nonvital discolored teeth.

Study design
Patients who were evaluated and were excluded due to
having any pathology that prevented them from entering
the study (such as caries, periodontal disease, or tooth
sensitivity) were referred to the dental clinic of the Fac-
ulty of Dentistry at the local University for proper
treatment.
The sample size was determined following similar

studies [20] with a significance level of 5% and a

statistical power (1-β) of 0.90. As a result, it was esti-
mated a minimum of 32 patients.
Since it was expected a 5% dropout; the initial number

of participants was 35 individuals. Treatments were car-
ried out in the clinic of the Faculty of Dentistry; the re-
searchers monitored the participants.
The study used a split-mouth randomized design with

a 37.5% hydrogen peroxide (Polaoffice + 37.5%, SDI,
Victoria, Australia) (pH = 7.0) [7, 8] and a 6% hydrogen
peroxide (Polaoffice + 6%, SDI, Victoria, Australia) (pH =
8.0) as whitening agents. Both products were used in
each participant, applying the 6% to one hemi-arcade
(canine, central, and lateral incisors) and the 37.5% to
the other. The whitening systems were assigned using
SPSS 21 software (SPSS, IBM, New York, USA). To
blind the operators, each product was properly masked
with coded labels. Auto-mix syringes of Polaoffice + in
the office teeth whitening system were used (SDI

Fig. 1 Flow diagram of the clinical trial
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Limited). The syringes contained hydrogen peroxide in
concentration of 37.5% or 6% in the form of a thixo-
tropic gel with similar features of color and viscosity.
Different operators than those who performed the

whitening procedure conducted all color measurements
in both upper central incisors. The follow-up was per-
formed similarly.

Preliminary phase
The color of each upper central incisor was assessed by
comparison with shade tabs of two commercially avail-
able dental shade guides (Vita classical Guide and Vita
Bleached guide, Vita Zahnfabrik) and objectively with
spectrophotometer (Vita Easy Shade® Compact, Vita
Zahnfabrik) that was previously calibrated according to
the manufacturer instructions. To standardize this evalu-
ation, a silicone matrix was made (Zetaplus, Zhermack,
Rovigo, Italy) with a 6 mm-diameter window on the buc-
cal surface that allowed the positioning of the tip of the
spectrophotometer on the middle third of the labial sur-
face of the teeth.

Intervention: whitening protocol
Each participant had two whitening sessions separated
by an interval of 1 week. At the beginning of each ses-
sion, dental prophylaxis was performed using a dental
brush and stone pumice with water at low speed. A plas-
tic lip retractor and a gingival barrier (Gingival barrier;
SDI Limited, Victoria, Australia) were used to protect
the soft tissues. Whitening gels were applied evenly to
each hemi-arcade on their vestibular surface.
The Protocol included three applications of the whit-

ening gel for 12 min (36 min each session), to
standardize the protocol between both gels. Between
each application, the gel was removed with rolls of cot-
ton moistened with water and then the teeth were dried
carefully. At the end of the third application, the gel was
removed using copious amounts of water, and the gin-
gival barrier and lip retractor were removed. The pa-
tients received indications and were scheduled to the
next visit.

Controls
At the end of the first session, tooth color was measured
subjectively (Color scales) and objectively with a spectro-
photometer (Vita Easy Shade® Compact, Vita Zahnfab-
rik) [21]. The measurements were repeated after a week,
a month, 6 months and a year after whitening.

Color evaluation
Subjective extraction and treatment data
The color was assessed visually under standardized light
conditions (same place, time, natural light source, all as-
sessments were performed between 10:00 AM and 3:00

PM) by two previously calibrated operators, who showed
a previous agreement (Visual Scales) of at least 85% as
determined using weighted k-statistics. The viewing
geometry, object-observer distance, visual angle, and
background color were held constant. Each operator
evaluated three times each tooth. If both operators coin-
cided in their selection, the determined value remained
as definitive, if there was a discrepancy, a calibrated third
operator (professor of restorative dentistry) defined be-
tween both colors.
The Vita classical Guide (Vita Classic, Vita Zahnfabrik)

and Bleached guide (Vita Bleached Guide, Vita Zahnfab-
rik) were used for subjective evaluation using the tab ar-
rangement proposed by Ontiveros and Paravina [22].
The observers assessed the color of both central incisors
at the start of the study, at each session of whitening,
and 1 week, 1 month, 6 months and one-year post-
treatment. The color was recorded on the middle third
of the labial surface as established by the guidelines of
the American Dental Association [23]. The difference in
tooth color was calculated as the number of units that
the tooth changed according to the shade guide arrange-
ment (ΔSGU).

Objective treatment data
The color was measured objectively with the spectro-
photometer, in the same way as described in the prelim-
inary phase. Objective data were evaluated according to
the three axes of the CIELAB system (L *, a * and b *).
The ΔE was calculated as the Euclidean distance as
follows:
ΔE = [(ΔL) 2 + (Δa) 2 + (Δb) 2] 1/2.
The variation on each parameter at different time

points was calculated about the initial value (i.e., the
measurement of color before the first session of
whitening).
Also, the color difference was calculated by means of

the CIEDE2000 formula proposed by Luo in 2001 [24],
Whiteness Index proposed by Gerlach in 2002 [4] and
WID by Pérez in 2016 [5].

Self-perception and psychosocial impact assessment
Before whitening treatment, participants completed two
questionnaires: the psychosocial impact dental aesthetic
questionnaire (PIDAQ) and the oral health impact pro-
file (OHIP-14). These questionnaires were repeated after
a week, 1, 6 and 12 months post whitening treatment.
They were completed under the supervision of an exam-
iner who was available to answer every question.
The PIDAQ is psychometric testing to measure the

psychosocial consequences of dental aesthetics [25]. It
consists of 23 items on a five-point Likert-type scale
from 0 (total disagreement) and to 4 (complete agree-
ment). A patient may receive a total score of 0 to 72
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points. The evaluation is also divided into four subscales:
one positive (dental confidence [six questions]) and
three negative (psychological impact [eight questions],
aesthetic concern [three questions], and social impact
[six questions]). A more positive subscale score indicates
greater confidence in itself, while higher scores on the
negative subscales indicate the adverse effects of cos-
metic dentistry.
The OHIP-14 is an assessment used to evaluate the

aesthetic perception [26]. The survey is scored on a five-
point Likert-type scale. Each option partners with a
score: very often (4), often (3), from time to time (2), al-
most never (1), or never or not (0). A higher score indi-
cates poor patient self-perception of the cosmetic
dentistry. To calculate the score of OHIP-14 for each pa-
tient, we added the total score of 14 questions to gener-
ate a total score between 0 and 56 points.

Statistical analysis
The data were tabulated, and their normal distribution
was analyzed using the Shapiro-Wilk test. The Mann-
Whitney test was used to compare the efficiency of the
results between groups, whereas, for comparisons be-
tween two assessment times and to assess color rebound
in each group the Wilcoxon and T-Student tests were
used.
PIDAQ and OHIP-14 test scores were determined,

and the results for each time point were compared using
the Wilcoxon test. Data were statistically analyzed using
SPSS 21.0 (Lead Technologies INc., Charlotte, NC,
USA). The data were considered statistically significant
when p < 0.05.

Results
Features of the sample
After 1 year of follow-up, twenty-five participants were
evaluated. The average age was 27.11 years old (total

range 20/54 SD = 7.5) and 13 were men and 12 women;
other features are summarized in Table 1.

Effectiveness values
One month after treatment the 37.5% hydrogen peroxide
group has an effectiveness of 3ΔSGU and the 6% hydro-
gen peroxide group at 2ΔSGU as measured with the
VITA Bleached guide. In the objective measurement, the
group of 37% hydrogen peroxide a month after treat-
ment had a value of 9.05 ± 2.74ΔE and the 6% group had
a value of 5.08 ± 2.11ΔE. At 1 year, the ΔE and ΔSGU
changes (< 10%) values were similar, the color rebound
was considered minimal and was not statistically signifi-
cant (Tables 2, 3 and 4).
The results for the CIEDE2000 formula (Table 3) and

Whiteness Index/ WID (Table 4) showed a significant
difference for both groups (p > 0.05) in all timepoints
after bleaching. The difference showed by WID is higher
than WI, but the difference (p > 0.05) at different time
points is maintained.

PIDAQ and OHIP-14
In PIDAQ all the factors were statistically significant at
1 year of follow-up (p < 0.05) (Table 5). In OHIP-14 the
changes remained statistically significant at 1 year of
follow-up (p < 0.05) for all the factors and the overall
sum (Table 6).

Discussion
This study evaluated color and whiteness variations as
well as their rebound after using a low concentration
(6%) of hydrogen peroxide gel compared to a standard
37.5% hydrogen peroxide gel in a split-mouth design.
Both gels were effective and did not show a significant
clinical rebound after 1 year of follow-up; however, each
of them had different effectiveness. The positive psycho-
social impact and aesthetic self-perception remained
without changes up to 1 year. Thus, the first null hy-
pothesis was accepted because the rebound was insignifi-
cant both in subjective and objective assessments. The
second null hypothesis was accepted because the differ-
ence of color between both systems remained. Moreover,
the third hypothesis was rejected because the positive
psychosocial impact and aesthetic self-perceptions
remained stable after 12 months of whitening.
Low concentrations of alkaline hydrogen peroxide gel

showed good stability without significant rebounds in
tooth color during the extension of this study, which
could mean that during the first year, the concentration
of hydrogen peroxide would not have a substantial im-
pact on color rebound. Although the initial color differ-
ences between both hemi-arcades remained, the patients
did not perceive them negatively, probably due to the
perception threshold of each patient [27, 28]. That is,

Table 1 Participants’ characteristics at baseline

Baseline features Groups

HP 37.5% HP 6%

Age (years; mean ± SD) 27 ± 7.5

Minimum age (years) 20

Maximum age (years) 54

Male (%) 52%

*L (mean ± SD) 84.41 ± 2.95 86.17 ± 2.81

*a (mean ± SD) 0.08 ± 1.06 0.15 ± 1.24

*b (mean ± SD) 27.96 ± 3.18 28.42 ± 3.68

Baseline Vita bleach SGU median (min:max) 9 (7:11) 9 (7:11)

Baseline Vita classical SGU median (min:max) 9 (9:12) 9 (9:12)

SD Standard deviation
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they were not able by some studies to discriminate be-
tween less than three ΔE [29]. The local Ethics Commit-
tee required that the researchers retreated any hemi-
arcades to match the color if any patient noticed a dif-
ference; however, no patient raised this issue. This point
denotes the critical difference between subjective and
objective measurements, to the limit of having a cohort
of patients, who did not perceive major differences be-
tween their bleached hemi-arcades, which showed statis-
tical differences in objective measurements. This
phenomenon should help to understand that from the
patients’ perspective, an effective whitening can be
achieved with a gel of low concentration, which also ex-
hibited good stability at the one-year control, even when
measured by CIEDE2000 and Whitening indexes (WI
and WID), which according to the literature, reflect more
precisely the rebound of whitening treatments [3, 24].
The importance of aesthetic dentistry in recent years

has led to technological developments that improve den-
tal aspects [30]. The dental appearance exerts a powerful
aesthetic influence on patients. Thus, it is essential to

understand the psychosocial impact of treatment [31,
32]. However, these effects are poorly understood. The
new definition of oral health recently declared by the
FDI includes the psychological aspects of the patients.
Therefore a procedure that improves these aspects is
relevant for the mental health of them [33]. The results
of this study showed that there were significant changes
in PIDAQ and OHIP-14 scores after whitening, indicat-
ing that whitening had a positive impact on the subjects’
psychosocial and aesthetic perceptions. This effect
remained for the duration of the study. The evaluation
of the impact on the patient’s life is on the effect of
whitening itself, with this experimental design, it cannot
be evaluated whether the concentration difference has a
different effect on the subject’s quality of life.
Dental self-confidence was measured using the PIDA

Q. This positive subscale measures the influence of es-
thetic dentistry on an individual’s self-perceived image.
The appearance of the mouth and smile play a vital role
in the evaluation of the facial appeal. The results suggest
that extra-coronal tooth whitening increases dental

Table 2 Comparison of ΔSGU values by Vita Classic guide and Vita Bleach Guide 3D-Master at different times. The median,
minimum and maximum values are shown

Assessment points Color change by ΔSGU Vita Classical Color change by ΔSGU Vita Bleachguide

37.5% Hydrogen
Peroxide

6% Hydrogen
Peroxide

Mann-Whitney
test*

37.5% Hydrogen
Peroxide

6% Hydrogen
Peroxide

Mann-Whitney
test*

Baseline vs. 1-wk after
bleaching

7 (2:9) 6 (2:9) 0.205 3.5 (1:6) 3 (2:6) 0.156

Baseline vs. 1-mth after
bleaching

7 (2:9) 6 (1:9) 0.054 3 (1:6) 2 (0:5) 0.040

Baseline vs. 6-mths after
bleaching

7 (3:8) 6 (1:8) 0.055 3 (2:5) 2 (0:4) 0.004

Baseline vs. 12-mths after
bleaching

6 (1:8)** 5 (0:7)** 0.033 3 (0:5)** 2 (0:4)** 0.002

* for comparison between both groups in each assessment time; ** for comparison between two assessment time (1-month vs 12-month after bleaching) in each
group. No significant difference was found (Wilcoxon test; p > 0.05).** for comparison between two assessment time (1-month vs 12-month after bleaching) in
each group. No significant difference was found (Student t test for paired sample; p > 0.05)

Table 3 Comparison of ΔE values and Color change using CIEDE2000 formula, with data from the Vita Easyshade
spectrophotometer measurements at different times expressed as mean and SD

Assessment points Color change by ΔE Color change by ΔCIEDE2000

37.5% Hydrogen
Peroxide

6% Hydrogen
Peroxide

Mann-Whitney
test*

37.5% Hydrogen
Peroxide

6% Hydrogen
Peroxide

Mann-Whitney
test*

Baseline vs. 1-wk after
bleaching

8.67 ± 2.61 5.59 ± 3.41 0.000 5.10 ± 1.57 3.22 ± 1.90 0.000

Baseline vs. 1-mth after
bleaching

9.05 ± 2.74 5.08 ± 2.11 0.000 5.37 ± 1.61 2.94 ± 1.15 0.000

Baseline vs. 6-mths after
bleaching

8.01 ± 2.84 5.07 ± 2.98 0.001 4.73 ± 1.59 2.87 ± 1.61 0.000

Baseline vs. 12-mths after
bleaching

8.37 ± 2.73** 5.27 ± 2.53** 0.000 4.92 ± 1.55** 3.07 ± 1.36** 0.000

* for comparison between both groups in each assessment time; ** for comparison between two assessment time (1-month vs 12-month after bleaching) in each
group. No significant difference was found (Wilcoxon test; p > 0.05).** for comparison between two assessment time (1-month vs 12-month after bleaching) in
each group. No significant difference was found (Student t test for paired sample; p > 0.05)
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confidence. This finding shows that this factor is associ-
ated with more favorable attitudes toward oral health
and a higher degree of satisfaction with regard self-
perception [17, 25].
The PIDAQ also measures three negative psychosocial

impact dimensions: social impact, psychological impact,
and aesthetic concerns. Social impact evaluates potential
problems that an individual has in social situations due
to the unfavorable subjective aspects of their teeth. The
psychological impact evaluates feelings of inferiority or
unhappiness that an individual has when compared to
others. Aesthetic concern includes data referring to the
concern or disapproval of dental appearance an individ-
ual has when that person faces the mirror or view pho-
tographs or videos of themselves [32]. The results show
a decrease in these scores at one-year post-whitening
when compared to the baseline. Therefore, extra-coronal
tooth whitening generates a positive psychosocial ef-
fect—both in the immediate and in the long term.
The OHIP-14 showed a statistically significant de-

crease in scores at all time points after whitening

compared to baseline, although there is a slight regres-
sion of the values at 1 year, it still has a significant differ-
ence with the baseline. This decrease indicates that
whitening produces a substantial improvement in the
perception of patients and a noticeable reduction in
all dimensions of physical, psychological, and social
disability. These values significantly decreased with
treatment providing important biopsychosocial impli-
cations. Usually, these perceptions of physical, mental,
and social impairment are experienced by people with
cosmetic dental problems and can profoundly affect
their self-esteem, interactions, environmental adapta-
tions, relationships, personal, job opportunities, and
fundamental aspects that affect the quality of life [34].
To experience any positive change after the whitening

treatment, patients require interaction with their social
environment [35]. In the current study, the results were
perceived soon after the treatment. Moreover, since all di-
mensions in the OHIP-14 at one-year post whitening kept
better than baseline suggests that the psychosocial results
were not only immediate but also had a long-term effect.

Table 4 Color change using WI and WID values, with data from the Vita Easyshade spectrophotometer measurements, for each
group of treatment in different time points. The mean, standard deviation, and statistical analysis are displayed

Assessment
points

Whiteness Index values WId values

37.5% Hydrogen
Peroxide

6% Hydrogen
Peroxide

Mann-Whitney
test*

37.5% Hydrogen
Peroxide

6% Hydrogen
Peroxide

Mann-Whitney
test*

Baseline 32.19 ± 2.88 31.79 ± 3.39 0.479 11.93 ± 6.04 12.23 ± 7.65 0.789

1-wk after
bleaching

24.91 ± 2.85 27.63 ± 4.07 0.018 25.44 ± 4.74a 20.12 ± 7.83a 0.011

1-mth after
bleaching

24.65 ± 2.94 28.20 ± 3.39 0.001 25.53 ± 6.62a 18.67 ± 6.87a 0.001

6-mths after
bleaching

25.53 ± 2.63 29.31 ± 3.78 0.000 24.12 ± 4.80a 16.18 ± 6.86ab 0.000

12-mths after
bleaching

24.89 ± 2.69** 27.81 ± 3.31** 0.003 24.26 ± 4.66a 18,96 ± 7.13a 0.003

* for comparison between both groups in each assessment time; ** for comparison between two assessment time (1-month vs 12-month after bleaching) in each
group. No significant difference was found (Wilcoxon test; p > 0.05).** for comparison between two assessment time (1-month vs 12-month after bleaching) in
each group. No significant difference was found (Student t test for paired sample; p > 0.05)

Table 5 PIDAQ results at different time points. A: Statistically significant differences (Wilcoxon test, < 0.05) versus baseline. Expressed
in median values (minimum/maximum). B: Statistically significant differences (Wilcoxon test, p < 0.05) versus 1 week after bleaching

Time Points

Dimension Baseline 1 week 1month 6months 12months

after bleaching after bleaching after bleaching after bleaching

Dental Self-Confidence 16 23 22 22 23

(11:28) (15:28) A (16:29) A (13:27) A (14:29) A

Social Impact 17 16 12 13 10

(9:34) (8:27) A (8:26) AB (8:24) AB (8:24) AB

Psychological Impact 19 15 13 14 11

(8:26) (6:22) A (6:23) A (6: 22) A (6:19) AB

Esthetic Concern 7 6 5 3 3

(3:15) (3:10) A (3:10) A (3: 9) A (3:10) A
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The limited available literature on the self-perception
of the aesthetics and psychosocial impact generated by
teeth whitening has shown psychosocial changes result-
ing from patients’ self-perception of aesthetics [12, 15,
18]. Nevertheless, more research is needed to support
these results more conclusively. On the other hand, even
though simple and short-term interventions do not
affect personality factors [36], it can be emphasized that
there is an impact on psychosocial factors and personal
perception, intervening positively on the patient’s self-
esteem and finally on their health status.
This study was limited by a loss to follow-up since the

droput was greater than expected (only 29 patients at 1
year follow-up, 3 less than expected).. One limitation of
measuring with instruments such as spectofotometer
can be a discrete measurement of reflectance data, edge-
loss, i.e., especially when it comes to measuring tooth-
shaped specimens, and should be considered as bias in
color assessment trials.
Finally, it is advisable that future research also studied

the changes in the psychosocial well being of patients
subjected to at home whitening with different concentra-
tions of gel, and to assess the effects of tooth whitening
better, the psychosocial impact of whitening could be
compared to untreated patients.

Conclusions
Low (6%) and traditional concentrations of hydrogen
peroxide gels (37.5%) were effective and stable at one-
year post bleaching, even though their effectiveness was
statistically different. Both treatments kept a positive ef-
fect on psychosocial and self-perception during a year of
follow-up.
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Table 6 OHIP results at different time points

Time Points

Dimension Baseline 1 week
after
bleaching

1month 6months 12months

after bleaching after bleaching after bleaching

Functional limitation 3 (0:7) 3 (0:6) A 2 (0:6) A 2 (0:5) AB 2 (0:6) A

Physical pain 3 (0:7) 2 (0:4) A 2 (0:6) A 2 (0:6) A 2 (0:5) A

Psychological discomfort 3 (0:7) 3 (0:5) 3 (0:5) AB 3 (0:6) 3 (1:5) A

Physical disability 1 (0:4) 0 (0:3) A 1 (0:2) A 4 (0:6) A 0 (0:3) A

Psychological disability 1 (0:5) 0 (0:3) A 0 (0:3) A 5 (0:6) A 0 (0:3) A

Social disability 0 (0:4) 0 (0:3) A 0 (0:2) A 6 (0:6) A 0 (0:2) A

Handicap 0 (0:4) 0 (0:3) A 0 (0:3) A 7 (0:6) A 0 (0:2) A

Sum 14 (6:31) 10 (3:19) A 10 (0:19) A 8 (0:6) A 8 (2:22) A

Expressed in median values (minimum/maximum). A: Statistically significant difference (Wilcoxon test, < 0.05) versus baseline. B: Statistically significant differences
versus previous time-point (Wilcoxon test, p < 0.05)

Estay et al. BMC Oral Health          (2020) 20:255 Page 8 of 9

https://drive.google.com/file/d/1eX6U4U0ru-gUPdwU8HOJ73pFgtgm_-7z/view?usp=sharing
https://drive.google.com/file/d/1eX6U4U0ru-gUPdwU8HOJ73pFgtgm_-7z/view?usp=sharing


Received: 27 November 2019 Accepted: 2 September 2020

References
1. Joiner A. The bleaching of teeth: a review of the literature. J Dent. 2006;

34(7):412–9.
2. Luo W, Westland S, Ellwood R, Pretty I, Cheung V. Development of a

whiteness index for dentistry. J Dent. 2009;37(Suppl 1):e21–6.
3. Pan Q, Westland S, Ellwood R. Evaluation of colorimetric indices for the

assessment of tooth whiteness. J Dent. 2018;76:132–6.
4. Gerlach RW, Zhou X, McClanahan SF. Comparative response of whitening

strips to a low peroxide and potassium nitrate bleaching gel. Am J Dent.
2002;15:19A–23A.

5. Perez Mdel M, Ghinea R, Rivas MJ, Yebra A, Ionescu AM, Paravina RD,
Herrera LJ. Development of a customized whiteness index for dentistry
based on CIELAB color space. Dent Mater. 2016;32(3):461–7.

6. Basson RA, Grobler SR, Kotze TJ, Osman Y. Guidelines for the selection of
tooth whitening products amongst those available on the market. SADJ.
2013;68(3):122–9.

7. Loguercio AD, Servat F, Stanislawczuk R, Mena-Serrano A, Rezende M, Prieto
MV, Cereño V, Rojas MF, Ortega K, Fernandez E, et al. Effect of acidity of in-
office bleaching gels on tooth sensitivity and whitening: a two-center
double-blind randomized clinical trial. Clin Oral Investig. 2017;21(9):2811–8.

8. Bortolatto JF, Trevisan TC, Bernardi PS, Fernandez E, Dovigo LN, Loguercio
AD, Batista de Oliveira Junior O, Pretel H. A novel approach for in-office
tooth bleaching with 6% H2O2/TiO_N and LED/laser system-a controlled,
triple-blinded, randomized clinical trial. Lasers Med Sci. 2016;31(3):437–44.

9. de Geus JL, de Lara MB, Hanzen TA, Fernandez E, Loguercio AD, Kossatz S,
Reis A. One-year follow-up of at-home bleaching in smokers before and
after dental prophylaxis. J Dent. 2015;43(11):1346–51.

10. Tay LY, Kose C, Herrera DR, Reis A, Loguercio AD. Long-term efficacy of in-
office and at-home bleaching: a 2-year double-blind randomized clinical
trial. Am J Dent. 2012;25(4):199–204.

11. Meireles SS, Santos IS, Bona AD, Demarco FF. A double-blind randomized
clinical trial of two carbamide peroxide tooth bleaching agents: 2-year
follow-up. J Dent. 2010;38(12):956–63.

12. Martin J, Vildosola P, Bersezio C, Herrera A, Bortolatto J, Saad JR, Oliveira OB
Jr, Fernandez E. Effectiveness of 6% hydrogen peroxide concentration for
tooth bleaching-a double-blind, randomized clinical trial. J Dent. 2015;43(8):
965–72.

13. Bersezio C, Ledezma P, Mayer C, Rivera O, Junior OBO, Fernandez E.
Effectiveness and effect of non-vital bleaching on the quality of life of
patients up to 6 months post-treatment: a randomized clinical trial. Clin
Oral Investig. 2018;22(9):3013–9.

14. Bersezio C, Ledezma P, Estay J, Mayer C, Rivera O, Fernandez E. Color
regression and maintenance effect of Intracoronal whitening on the quality
of life: RCT-A one-year follow-up study. Oper Dent. 2019;44(1):24–33.

15. Fernandez E, Bersezio C, Bottner J, Avalos F, Godoy I, Inda D, Vildosola P,
Saad J, Oliveira OB Jr, Martin J. Longevity, esthetic perception, and
psychosocial impact of teeth bleaching by low (6%) hydrogen peroxide
concentration for in-office treatment: a randomized clinical trial. Oper Dent.
2017;42(1):41–52.

16. Meireles SS, Goettems ML, Dantas RV, Bona AD, Santos IS, Demarco FF.
Changes in oral health related quality of life after dental bleaching in a
double-blind randomized clinical trial. J Dent. 2014;42(2):114–21.

17. Khan M, Fida M. Assessment of psychosocial impact of dental aesthetics. J
Coll Physicians Surg Pak. 2008;18(9):559–64.

18. Bersezio C, Martin J, Pena F, Rubio M, Estay J, Vernal R, Junior OO,
Fernandez E. Effectiveness and impact of the walking bleach technique on
esthetic self-perception and psychosocial factors: a randomized double-
blind clinical trial. Oper Dent. 2017;42(6):596–605.

19. Angel P, Bersezio C, Estay J, Werner A, Retamal H, Araya C, Martin J,
Fernández E. Color stability, psychosocial impact, and effect on self-
perception of esthetics of tooth whitening using low-concentration (6%)
hydrogen peroxide. Quintessence Int. 2018;49(7):557–66.

20. Vildosola P, Vera F, Ramirez J, Rencoret J, Pretel H, Oliveira OB Jr, Tonetto M,
Martin J, Fernandez E. Comparison of effectiveness and sensitivity using two
in-office bleaching protocols for a 6% hydrogen peroxide gel in a
randomized clinical trial. Oper Dent. 2017;42(3):244–52.

21. Kim-Pusateri S, Brewer JD, Davis EL, Wee AG. Reliability and accuracy of four
dental shade-matching devices. J Prosthet Dent. 2009;101(3):193–9.

22. Ontiveros JC, Paravina RD. Color change of vital teeth exposed to bleaching
performed with and without supplementary light. J Dent. 2009;37(11):840–7.

23. Tooth Whitening Products: ADA Statement on Safety and Effectiveness
[http://www.ada.org/en/about-the-ada/ada-positions-policies-and-
statements/tooth-whitening-safety-and-effectiveness]. Accessed 5 Sept 2020.

24. Luo MR, Cui G, Rigg B. The development of the CIE 2000 colour-difference
formula: CIEDE2000. Color Res Aplicattion. 2001, 26(5):340–50.

25. Montiel-Company JM, Bellot-Arcís C, Almerich-Silla JM. Validation of the
psychosocial impact of dental aesthetics questionnaire (Pidaq) in Spanish
adolescents. Med Oral Patol Oral Cir Bucal. 2013;18:e168–73.

26. Leon S, Bravo-Cavicchioli D, Correa-Beltran G, Giacaman RA. Validation of
the Spanish version of the Oral health impact profile (OHIP-14Sp) in elderly
Chileans. BMC Oral Health. 2014;14:95.

27. PB GK, Salarib S, Dozica A, Kleverlaana C, Feilzera A. Perceptibility and
acceptability thresholds for colour differences in dentistry. J Dent. 2014;
42(6):637–44.

28. Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger M, Sakai M,
Takahashi H, Tashkandi E, Perez Mdel M. Color difference thresholds in
dentistry. J Esthet Restor Dent. 2015;27(Suppl 1):S1–9.

29. Paravina RD, Perez MM, Ghinea R. Acceptability and perceptibility thresholds
in dentistry: a comprehensive review of clinical and research applications. J
Esthet Restor Dent. 2019;31(2):103–12.

30. Gupta N, Manisha KN. Fundamentals in Dental Aesthetics. J Innov Dentistry.
2011;1(1):60–2.

31. Bellot-Arcis C, Montiel-Company JM, Almerich-Silla JM. Psychosocial impact
of malocclusion in Spanish adolescents. Korean J Orthod. 2013;43(4):193–
200.

32. Klages U, Claus N, Wehrbein H, Zentner A. Development of a questionnaire
for assessment of the psychosocial impact of dental aesthetics in young
adults. Eur J Orthod. 2006;28(2):103–11.

33. Glick M, Williams DM, Kleinman DV, Vujicic M, Watt RG, Weyant RJ. A new
definition for oral health developed by the FDI world dental federation
opens the door to a universal definition of oral health. J Am Dent Assoc.
2016;147(12):915–7.

34. Wong AH, Cheung CS, McGrath C. Developing a short form of Oral health
impact profile (OHIP) for dental aesthetics: OHIP-aesthetic. Community Dent
Oral Epidemiol. 2007;35(1):64–72.

35. Van der Geld P, Oosterveld P, Van Heck G, Kuijpers-Jagtman AM. Smile
attractiveness. Self-perception and influence on personality. Angle Orthod.
2007;77(5):759–65.

36. Herrera A, Martin J, Perez F, Bonafe E, Reis A, Dourado AL, Fernandez E. Is
personality relevant in the choice of bleaching? Clin Oral Investig. 2016;
20(8):2105–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Estay et al. BMC Oral Health          (2020) 20:255 Page 9 of 9

http://www.ada.org/en/about-the-ada/ada-positions-policies-and-statements/tooth-whitening-safety-and-effectiveness
http://www.ada.org/en/about-the-ada/ada-positions-policies-and-statements/tooth-whitening-safety-and-effectiveness

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Sample and ethical approval
	Selection of the sample
	Study design
	Preliminary phase
	Intervention: whitening protocol
	Controls
	Color evaluation
	Subjective extraction and treatment data
	Objective treatment data

	Self-perception and psychosocial impact assessment
	Statistical analysis

	Results
	Features of the sample
	Effectiveness values
	PIDAQ and OHIP-14


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

