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Abstract
Objectives To evaluate bleaching efficacy and oral health-related quality of life (ORHQoL) of three bleaching systems with 
similar hydrogen peroxide (HP) concentration for up to 6 months post-treatment.
Materials and methods A randomized controlled trial was designed with three parallel groups: group A — in-office 6% HP 
paint-on varnish; group B — at-home 6% HP with adaptable tray; group C — at-home 16% carbamide peroxide with custom 
tray. At three different stages (baseline, after bleaching, and 6-month follow-up), ORHQoL was evaluated by the OHIP-14 
questionnaire and tooth color of the upper canines and central incisors were measured by two shade guides and a spectropho-
tometer (measuring CIE L*a*b* with respective color/whiteness differences − ΔE00/ΔWID). Results were presented as mean 
and 95% confidence intervals and statistical tests were performed appropriately, considering a significance level of α = 0.05.
Results All groups presented significant color differences (P < 0.05) between all stages, with ΔE00/ΔWID surpassing the 
perceptibility threshold in 98% cases, with group C’s results being significantly (P < 0.05) higher when compared to other 
groups, although with significantly (P < 0.05) higher values of color relapse. Significative ORHQoL improvements (P < 0.05) 
were detected after bleaching in a global analysis with no differences between techniques.
Conclusions All techniques presented bleaching efficacy, color stability, and improvements in ORHQoL up to 6 months 
post-treatment.
Clinical significance Clinicians may consider both at-home and in-office bleaching techniques with 6% HP to attain long-
lasting satisfactory clinical results while producing positive changes in ORHQoL.
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Introduction

Patients seek care from dental professionals for preventive 
treatments or to address their current oral health problems. 
Common concerns regard the appearance and color of their 
teeth, as dissatisfaction with tooth color is widely reported 
in several adult populations, ranging from 19.6 to 65.9% 
[1–3]. This dissatisfaction has led to an increased desire for 

treatments that improve dental aesthetics, including tooth 
bleaching, which is a conservative and viable option for 
attaining a patient’s desired smile when tooth integrity is 
acceptable [1, 4, 5].

Tooth bleaching can be performed at home or in the 
dental office by a wide range of techniques [4, 6]. At-home 
bleaching has become increasingly popular since the intro-
duction of the nightguard vital bleaching in 1989, which is 
the most prescribed technique among dentists, mainly due 
to its high efficacy and safety profile [5, 7–13]. Although 
the described protocol for at-home bleaching is the over-
night use of a custom tray with a 10% carbamide peroxide 
(CP) gel (which requires medical prescription), nowadays, 
several modifications and formulations can be found among 
manufacturers, with application times ranging between 1 and 
8 hours a day [14, 15].

As an alternative to at-home bleaching, dentists can perform 
in-office techniques which are viable options typically associated 
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with higher hydrogen peroxide (HP) concentrations. Most of the 
products have 35% to 40% HP and are available in the form of a 
base and catalyst gel, either ready-mixed or supplied as a pow-
der/liquid combination to be freshly mixed at the dental office 
[16–19]. The rationale for those higher HP concentrations lies 
in obtaining faster results, thus being indicated for situations 
when immediate whitening is required [16, 20]. However, HP’s 
oxidative properties prompted manufacturers and clinicians to 
search for in-office techniques with lower HP concentrations to 
prevent hazardous effects on biological tissues [6, 21–23]. As a 
result, a wide range of bleaching products with lower peroxide 
concentrations have been developed over the years, and even an 
at-home paint-on varnish technique (VivaStyle Paint On Plus, 
Ivoclar Vivadent, Liechtenstein) was proposed for in-office use 
due to its fast-bleaching rate suggested by a fast HP release in 
approximately 10 min [18, 24–26]. Although evidence shows 
promising efficacy results (tooth color change), many issues have 
not yet been addressed as no studies have compared this proposed 
technique with at-home techniques [27, 28]. Concomitantly, stud-
ies lack evidence regarding tooth color stability, which is a great 
concern since tooth color relapses are common issues that may 
require touch-up bleaching [4, 29–33].

The quantitative analysis of tooth color changes and sta-
bility is important to evaluate the efficacy/effectiveness of 
a bleaching technique; however, patient-reported outcomes 
are also major aspects of a successful treatment and can be 
characterized by changes in oral health-related quality of life 
(OHRQoL) [34–37]. Currently, tooth bleaching is known 
to potentially influence OHRQoL by affecting the patient’s 
self-esteem and social behaviors, such as smiling, laughing, 
or showing teeth without embarrassment [34, 35]. Therefore, 
the long-term effects of tooth bleaching are not only related 
to tooth color stability but may also impact the patient’s eve-
ryday life.

This study aimed to compare the bleaching efficacy and 
OHRQoL of three different bleaching systems with a similar 
HP concentration of 6% or its CP equivalent while assessing 
the outcomes for up to 6 months. The following null hypothe-
ses were established: (1) there were no differences in bleaching 
efficacy between the three tested bleaching systems; (2) there 
were no differences in tooth color stability, at the 6-month 
follow-up, between the three tested bleaching systems; (3) 
there were no differences in OHRQoL, at the end of treatment, 
between the three tested bleaching systems; (4) there were no 
differences in OHRQoL, at the 6-month follow-up, between 
the three tested bleaching systems.

Materials and methods

This randomized clinical trial took place between November 
2019 and October 2021 at the Faculty of Dental Medicine of 
the University of Lisbon and was conducted in full compliance 

with the Helsinki World Medical Association Declaration’s 
most recent amendments [38]. Additionally, the local ethics 
committee gave ethical approval, and the trial was registered 
at the U.S. National Library of Medicine ClinicalTrials.gov 
website under the reference number NCT03588871.

Study design and participants

A randomized clinical trial was designed with three parallel 
groups corresponding to different products and techniques: 
group A, in-office paint-on varnish 6% HP (VivaStyle Paint 
On Plus, Ivoclar Vivadent, Liechtenstein); group B, at-home 
6% HP with a prefilled disposable tray (Opalescence GO, 
Ultradent, EUA); group C, at-home 16% CP with a custom-
ized tray (Opalescence PF 16% CP, Ultradent, EUA).

Participants attending the faculty clinic were screened 
according to the following inclusion criteria and consecu-
tively recruited: being at least 18 years of age, having the 
upper canines darker than A3.5 in VITA Classical (VC) 
shade guide (assessed by spectrophotometry), accepting 
to interrupt smoking habits during the full duration of the 
study, and signing an informed consent form. The exclusion 
criteria were the presence of fixed orthodontic appliances, 
decayed teeth, pregnancy, poor oral hygiene, anterior teeth 
(16 anterior teeth, from the second premolar to the second 
premolar) with dental restorations, endodontic treatment, 
and severe anomalies of the dental structure or intrinsic 
stain. A flowchart of the study is summarized in Fig. 1.

Randomization process and blinding

Each bleaching system was coded from A to C using a ran-
domization software (GraphPad QuickCals, http:// www. 
graph pad. com/ quick calcs/ rando mize1. cfm), and the infor-
mation was held by external personnel until the end of 
the study. A third party (blinded to the allocation results) 
analyzed the data in an SPSS worksheet (IBM Statistics, 
Inc., Chicago, IL, USA) where each bleaching system was 
referred to as groups A to C.

Participant and clinical operator blinding was not pos-
sible due to the three whitening systems’ different formu-
lations. However, the tooth color examiners were blinded, 
and spectrophotometric analysis is not susceptible to inter-
pretation, thus reducing the potential bias.

Calibration of examiners for clinical analysis

Visual shade selection was performed by dentists with at least 
5-year clinical experience and negative history of visual color 
deficiencies (confirmed using X-Rite Color Challenge by 
Pantone®) who were submitted to a calibration process. This 
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process was based on a consecutive determination of VITA 
Classical (VC) visual shade guides using two VC scales (one 
of which had a blinded identification; VITA Zahnfabrick, 
Germany). The dentist would be considered a valid opera-
tor with an intraclass correlation coefficient (ICC; model: 
two-way random; type: absolute agreement) higher than 0.80 
(considered excellent agreement [39]). The same process was 
repeated for the VITA Bleachedguide 3D-Master shade guide 
(VB) (VITA Zahnfabrick, Germany). The calibrated opera-
tors’ ICC ranged between 0.86 and 0.93. During the study, 
if disagreements occurred, the examiners reached a consen-
sus. To standardize lighting conditions, the Smile Lite device 
(Smile Line AS, Switzerland; serial number 052015) with 
LED lights at 5500 K and a polarization filter was used.

An independent and blinded examiner performed objec-
tive tooth color measurements with a spectrophotometer, 
SpectroShade micro (SS) (MHT Optic Research, Nieder-
hasli, Switzerland; serial number HDL3973), which is 
considered a diagnostic device for tooth color assessment 
[40–43]. The SS intradevice’s calibration process was per-
formed before each measuring round according to the manu-
facturer’s instructions.

Oral health‑related quality of life evaluation

The validated Portuguese version of the Oral Health Impact 
Profile 14 (OHIP-14) was applied at baseline, at the end of 
treatment (after bleaching), and after 6 months (6-month 

Fig. 1  Flowchart of the study, 
according to CONSORT
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follow-up) [44]. The questionnaire consisted of 14 questions 
with seven domains (2 questions per domain): functional 
limitation, physical pain, psychological discomfort, physi-
cal disability, psychological disability, social disability, and 
handicap. The answers were scored according to a Likert 
scale [45] from 0 to 4 (never = 0, rarely = 1, sometimes = 2, 
repeatedly = 3, always = 4), with higher scores represent-
ing a worse OHRQoL (OHIP-14 total score ranged from 
0 to 56 and each domain score from 0 to 8). Effect size 
(ES; calculated by Kendall’s W) and standardized response 
mean (SRM; calculated by dividing the mean score change 
by the standard deviation of the change) were calculated as 
previously recommended for health questionnaires (ES and 
SRM were described as small < 0.3, moderate 0.3–0.8, or 
large ≥ 0.8 effect) [46–48]. A minimal important difference 
(MID) of five in the total OHIP-14 score change was also 
considered [46, 49].

The OHIP-14 was applied twice to each participant with 
a 1-week interval before bleaching treatment to evaluate 
the questionnaire’s reliability and internal consistency. 
Test–retest reliability was evaluated for each question by 
ICC (model: two-way random; type: absolute agreement) 
with values ranging from 0.51 (moderate agreement) to 0.74 
(substantial agreement) [39]. Internal consistency was evalu-
ated by Cronbach’s alpha with an obtained value of 0.81, 
which is desirable and considered good consistency [50].

Clinical procedures and measurements

In the first appointment, each patient was screened according 
to the previously described inclusion/exclusion criteria and 
submitted to professional dental prophylaxis with interproxi-
mal radiographs for diagnosis purposes. The professional 
dental prophylaxis was performed using an ultrasonic scaler 
and a nylon brush with prophylaxis paste (Cleanic, Kerr 
Orange, USA) in a low-rotation contra-angle handpiece by 
a dentist. Each patient was assigned to one group, according 
to the randomization process. One week after, the clinical 
bleaching protocol was performed according to the tech-
nique’s description (Table 1) [4, 24, 27, 51].

To assess tooth sensitivity that could lead to treatment 
interruption, all patients were instructed to fill a daily visual 
analogic scale (VAS) form during the treatment (15 days), 

numbered from 0 (no pain) to 10 (maximum extreme pain), 
while notifying medication intake and oral lesions occur-
rences. Additionally, instruction forms were delivered with 
information regarding at-home bleaching procedures, food 
intake (to avoid acidic and potential staining foods), and oral 
hygiene. Patients were instructed to use their regular tooth-
paste during the whole study to avoid any potential change 
in tooth sensitivity unless it was a whitening toothpaste, in 
which case they were instructed to change to a non-whiten-
ing 1450-ppm fluoride-containing toothpaste.

Tooth color measurements were performed at baseline, 
after bleaching treatment, and at the 6-month follow-up. The 
color of the upper central incisors and canines’ buccal sur-
faces was assessed with the VC and VB shade guides with 
the patient seated in the high Fowler’s position on the den-
tal chair while the calibrated examiner used the Smile Lite 
device with LED lights at 5500 K and a polarization filter for 
standard lighting conditions. The shade tabs received a num-
ber to categorize each color: VC tabs were numbered from 
1 to 16 according to the color’s value order from the high-
est (B1) to lowest (C4), and VB tabs were also numbered 
according to the color’s value order from 1 to 15 (highest: 
0M1; lowest: 5M3). An interpolated guide corresponding to 
the American Dental Association’s Eq. (1 ccu = 1; SGU = 1 
ΔE; ccu, color difference unit; SGU, shade guide unit; 
ΔE, overall color difference) was used to express results 
in shade guide units, and the differences were expressed 
by ΔSGU  (SGUVC and ΔSGUVC for the VC shade guide; 
 SGUVB and ΔSGUVB for the VB shade guide) [36, 52]. The 
SS performed three measuring replicates to obtain the CIE 
L*a*b* values of the upper central incisors and canines’ 
buccal surfaces, following the manufacturer’s instructions. 
The total tooth color difference (ΔE00) and tooth whiteness 
index  (WID), with the corresponding difference (ΔWID), 
both based on the CIE L*a*b* color notation system, were 
calculated to evaluate bleaching efficacy at the end of treat-
ment and color relapse at the 6-month follow-up [53–56].

Sample size calculation

The sample size was calculated based on the upper canines’ 
color difference (ΔE00 — a primary outcome) recorded in 
a previously performed pilot study with 30 randomized 

Table 1  Simplified clinical protocol for each bleaching product. HP, hydrogen peroxide; CP, carbamide peroxide

Bleaching product Clinical protocol

Group A
VivaStyle Paint On Plus 6% HP

In-office applications: 2 sessions with 6 applications of 10 min with a 1-week interval 
(2 h application time)

Group B
Opalescence GO 6% HP

At-home applications: 1 daily application of 90 min for 10 days (15 h application time)

Group C
Opalescence PF 16% CP

At-home applications: 1 daily application of 6 h for 14 days (84 h application time)
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participants (GraphPad QuickCals, http:// www. graph pad. 
com/ quick calcs/ rando mize1. cfm), using the G*Power 3.1 
software (Heinrich-Heine-Universität, Düsseldorf, Ger-
many). The size effect was calculated based on the percepti-
bility threshold ΔE00 = 0.8 with a standard deviation of 0.81 
[57, 58]. Considering an F test (one-way ANOVA) with a 
significance level of 5% and a power of 80%, a minimum of 
20 participants per group was required. To offset a possible 
attrition bias, 50% was added to each group, resulting in 30 
patients’ samples (a total of 90 patients).

Statistical analysis

All collected data were analyzed using IBM SPSS version 
25 (IBM Statistics, Inc. Chicago, IL, USA). Results are pre-
sented as mean and 95% confidence interval (IC) of CIE 
L*a*b* color parameters, SGU, and OHIP-14 scores, with 
the respective  WID, ΔE00, ΔWID, and ΔSGU calculated. The 
CIEDE2000 formula from the Commission Internationale 
De l’Eclairage (CIE, International Commission on Illumi-
nation) was used to calculate ΔE00. Computations with this 
color difference formula were performed according to the 
following equation [56]:

The variables of the CIEDE2000 formula were calculated 
from the CIE L*a*b* values using a free online code while 
setting the parametric factors to 1 (https:// www. rit. edu/ cos/ 
color scien ce/ rc_ useful_ data. php).

The whiteness index was calculated before and 
after tooth bleaching with the following formula: 
 WID = 0.511L* − 2.324a* − 1.100b* [54]. Color and white-
ness difference perception was assessed according to two 
major thresholds: perceptibility threshold (PT for ΔE00; 
WPT for ΔWID) considered ΔE00 = 0.8 and ΔWID = 0.72; 
acceptability threshold (AT for ΔE00; WAT for ΔWID) con-
sidered ΔE00 = 1.8 and ΔWID = 2.60 [55, 58]. The percent-
ages of cases in which ΔE00 and ΔWID were higher than 
the respective thresholds were calculated, and the bleaching 
efficacy was considered when both perceptibility thresholds 
were surpassed. When comparing post-treatment results 
with the 6-month follow-up, surpassing of both percepti-
bility thresholds was considered a tooth color relapse. The 
surpassing of both acceptability thresholds at the 6-month 
follow-up compared to the baseline values was considered 
undoubted color differences with no requirement for touch-
up bleaching.

Since darker-colored teeth may have a different response 
to tooth bleaching, the upper central incisors and canines 
were analyzed in individual groups. Statistical analysis was 
performed with parametric tests whenever the minimal 
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sample of 30 was attained according to the central limit 
theorem [59]. The variables without a minimal sample of 
30 were evaluated regarding their distribution with the Kol-
mogorov–Smirnov test, and non-parametric tests were used 
to analyze the OHIP-14 score (results were also presented 
with median values). Repeated-measures analysis of vari-
ance (ANOVA) with Tukey post hoc test was performed to 
analyze intragroup differences at different times (baseline, 
after bleaching, and 6-month follow-up) in CIE L*a*b*, 
 WID, and SGU, while the one-way ANOVA with Tukey 
post hoc test analyzed intergroup differences in ΔE00, ΔWID, 
and ΔSGU. Differences in the OHIP-14 score among dif-
ferent times were determined by the Friedman test, while 
the Kruskal–Wallis test was adopted for multiple group 
comparison. In all statistical tests, the level of significance 
considered was 5%.

Results

Ninety participants were included in the study after the 
recruitment procedures: 56 females and 24 males, aged 
between 18 and 40 years old with a mean of 23.0 [22.8:23.4] 
years. A total of 80 bleaching treatments were completed 
(group A: 27; group B: 26; group C: 27) with an overall 
11.1% attrition bias due to COVID-19 quarantine measures, 
leading to an overall 32.2% attrition bias at the 6-month 
follow-up (group A: 20; group B: 20; group C: 21) (Fig. 1). 
Baseline CIE L*a*b*,  WID, and SGU values are depicted 
in Table 2 and did not show significant (P > 0.05) differ-
ences between groups, resulting in tooth-color and whiteness 
homogeneity before bleaching treatment.

Bleaching efficacy analysis (depicted in Table 3) detected 
that the perceptibility thresholds (PT and WPT) in all tech-
niques were surpassed in at least 98% of cases and attained 
100% in the upper canines (98% for acceptability thresholds). 
Thus, all techniques showed bleaching efficacy even though 
the ΔE00/ΔWID/ΔSGU were significantly higher (P < 0.05) 
in group C after bleaching. Concomitantly, the ANOVA 
also detected significant differences (P < 0.05) in all groups’ 
CIE L*a*b*,  WID, and SGU (both VC and VB) values after 
bleaching (depicted in Table 2). The L* color coordinate pre-
sented significantly (P < 0.05) higher mean values while a* 
and b* were lower when compared to baseline, indicating a 
lighter and less yellow tooth color post-treatment. The  WID 
mean values were significantly (P < 0.05) higher after bleach-
ing in all groups, thus indicating increased levels of white-
ness in tooth color. The  SGUVC and  SGUVB mean values 
were significantly (P < 0.05) lower after bleaching, indicating 
that the examiners detected higher value color tabs.

At the 6-month follow-up, an inverse response was 
detected in all variables, with values becoming closer to 
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the respective baseline. However, significant differences 
(P < 0.05) were still detected in ΔE00/ΔWID/ΔSGU (Table 3) 
and CIE L*a*b*,  WID, and SGU (Table 2), with a maximum 
of 16.7% of cases needing touch-up bleaching (evaluated by 
the acceptability thresholds). Thus, all techniques showed 
color stability even though tooth color relapse cases were 
higher in group C (83.3% cases) with significantly superior 
(P < 0.05) ΔE00/ΔWID values compared to after bleaching.

There were no reports of treatment interruption due to tooth 
hypersensitivity or presence of oral lesions, with the follow-
ing overall VAS mean values: 1.0 [0.6:1.5] in group A, 1.2 
[0.7:1.7] in group B, and 1.6 [0.9:2.2] in group C, without sig-
nificant (P > 0.05) differences in the ANOVA. Oral lesions were 
reported in eight out of 27 cases in group A, four out of 26 cases 
in group B, and four out of 27 cases in group C, with the follow-
ing occasional intakes of paracetamol or ibuprofen: three cases 
in group A, two in group B, and two in group C.

There was a noticeable improvement in OHRQoL after 
tooth bleaching, represented by significantly lower (P < 0.05) 
OHIP-14 total score values when all treatments were con-
sidered (global analysis — Table 4), with an ES of 0.1 and 

an SRM of 0.4 (low to moderate effect). That improvement 
compared to baseline was maintained up to 6 months, with 
an ES of 0.1 and an SRM of 0.2 (low effect). However, no 
significant differences (P > 0.05) in OHIP-14 scores were 
detected within or between groups, indicating that changes 
in OHRQoL are not related to the bleaching technique.

The percentage of cases in which the OHIP-14 total score 
difference was attained or surpassed the MID value of five was 
18.8% after post-treatment and 13.8% at the 6-month follow-
up compared to baseline values. Additionally in Table 4, are 
presented the scores for the seven domains of the OHIP-14 
individually which assessment did not reveal any significant 
results (P > 0.05) between techniques or stages.

Discussion

The tested techniques presented bleaching efficacy with 
mean ΔE00/ΔWID above the respective AT and WAT val-
ues of 1.8 and 2.6, while the PT of 0.8 and the WPT of 
0.72 were surpassed in at least 98% of treatments. Group C 

Table 2  Mean and 95% IC values for CIE L*a*b*,  WID,  SGUVC, 
and  SGUVB at different times. In all groups, the repeated measures 
ANOVA with Tukey post hoc presented statistically significant 

(P < 0.05) intragroup differences between baseline, after bleaching, 
and 6-month follow-up evaluations

Baseline
80 cases

After bleaching
80 cases

6-month follow-up
61 cases

Group A 
27 cases
n = 54

Group B 
26 cases
n = 52

Group C 
27 cases
n = 54

Group A 
27 cases
n = 54

Group B 
26 cases
n = 52

Group C 
27 cases
n = 54

Group A 
20 cases
n = 40

Group B 
20 cases
n = 40

Group C 
21 cases
n = 42

L* Canines 70.6
[70.1:71.1]

70.0
[69.6:70.3]

70.0
[69.1:70.2]

74.3
[73.8:74.7]

74.1
[73.6:74.6]

76.3
[75.6:77.0]

73.6
[73.1:74.2]

73.9
[73.4:74.4]

75.6
[75.0:76.2]

Incisors 75.7
[75.3:76.1]

75.7
[75.3:76.2]

75.3
[74.7:75.8]

77.8
[77.4:78.2]

77.4
[77.0:77.9]

78.4
[77.8:78.9]

77.0
[76.4:77.6]

77.4
[77.0:77.8]

78.1
[77.5:78.7]

a* Canines 5.1
[4.9:5.3]

5.4
[5.2:5.5]

5.3
[5.1:5.6]

3.6
[3.4:3.8]

3.3
[3.1:3.6]

2.4
[2.1:2.6]

3.5
[3.3:3.7]

3.5
[3.2:3.7]

2.5
[2.3:2.7]

Incisors 2.1
[2.0:2.3]

2.2
[2.0:2.3]

2.3
[2.0:2.5]

1.6
[1.5:1.7]

1.5
[1.3:1.6]

1.3
[1.2:1.5]

1.6
[1.4:1.7]

1.5
[1.4:1.6]

1.2
[1.0:1.3]

b* Canines 24.1
[23.5:24.6]

24.0
[23.5:24.5]

23.9
[23.2:24.6]

19.3
[18.7:19.8]

19.7
[18.9:20.4]

15.0
[14.3:15.8]

20.2
[19.6:20.8]

20.2
[19.5:20.9]

16.4
[15.8:16.9]

Incisors 17.6
[17.1:18.2]

17.0
[16.4:17.7]

17.2
[16.6:17.9]

14.7
[14.1:15.1]

14.2
[13.5:14.8]

12.0
[11.4:12.6]

20.2
[19.6:20.8]

20.2
[19.5:20.9]

16.4
[15.8:16.9]

WID Canines  − 2.3
[− 3.4: − 1.2]

 − 3.1
[− 3.9: − 2.2]

 − 2.5
[− 4.3: − 0.6]

8.4
[7.4:9.5]

9.0
[7.8:10.2]

17.8
[16.7:18.9]

7.2
[6.1:8.3]

7.4
[6.1:8.8]

14.7
[13.6:15.8]

Incisors 14.3
[13.3:15.3]

14.9
[13.7:16.1]

14.2
[12.8:15.6]

19.9
[19.2:20.6]

20.8
[19.0:21.8]

24.3
[23.4:25.1]

17.5
[15.9:19.1]

19.7
[18.7:20.8]

22.7
[21.8:23.5]

SGUVC Canines 12.1
[11.9:12.4]

11.9
[11.5:12.3]

12.0
[11.7:12.2]

4.5
[4.1:5.1]

5.1
[4.8:5.6]

2.9
[2.6:3.3]

7.2
[6.1:8.3]

7.4
[6.1:8.8]

14.7
[13.6:15.8]

Incisors 4.9
[4.4:5.4]

4.2
[3.6:4.8]

4.1
[3.7:4.5]

1.3
[1.1:1.4]

1.6
[1.4:1.9]

1.0
[1.0:1.8]

17.5
[15.9:19.1]

19.7
[18.7:20.8]

22.7
[21.8:23.5]

SGUVB Canines 10.9
[10.7:11.1]

10.9
[10.6:11.1]

10.7
[10.5:10.9]

6.8
[6.5:7.1]

6.7
[6.3:7.1]

4.8
[4.5:5.1]

7.2
[6.1:8.3]

7.4
[6.1:8.8]

14.7
[13.6:15.8]

Incisors 6.8
[6.5:7.1]

6.2
[5.7:6.7]

6.5
[6.2:6.8]

3.7
[3.5:3.9]

3.6
[3.3:3.9]

2.8
[2.5:3.0]

17.5
[15.9:19.1]

19.7
[18.7:20.8]

22.7
[21.8:23.5]
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presented the higher bleaching efficacy and the highest tooth 
color relapse at the 6-month follow-up, thus rejecting both 
first and second null hypotheses. Additionally, tooth bleach-
ing with 6% HP or its CP equivalent significantly improved 
patients’ OHRQoL, although without detectable differences 
between techniques, thus accepting the third and fourth null 
hypothesis.

To the authors’ knowledge, this is the first randomized 
controlled trial comparing multiple different bleaching sys-
tems (both in-office and at-home) that evaluates efficacy 
(tooth color change) and long-term outcomes (tooth color 
relapse) by objective methods while evaluating patient-
reported outcomes (effects in OHRQoL). Visual shade 
analysis was also performed since shade guides are a com-
monly employed method in clinical practice; however, the 
subjectivity of its assessment reduces accuracy and reliabil-
ity, requiring the supporting use of an objective method [60].

By testing systems with similar HP concentration, the 
authors intended to pragmatically assess different factors 
on treatment outcomes, such as the application time, the 

delivery method, or the necessary patient’s compliance. 
In fact, the results suggest that efficacy outcomes and 
treatment time efficiency depend on the clinical proto-
col since the group C, which presented the highest ΔE00/
ΔWID/ΔSGU, requires approximately 30 to 40 h to attain 
the same bleaching effect as 2 h treatment in the group 
A. When applied as an in-office technique, this varnish 
can attain or even surpass tooth color/whitening accept-
ability thresholds in just 1 h, probably due to the proper 
soft-tissue isolation that reduces contact with crevicular 
fluids or the continuous evaporation of the varnish’s sol-
vent leading to a potential HP concentration increase in 
the tooth surface [25]. Therefore, the VivaStyle Paint On 
Plus (group A) has a higher efficacy in a shorter time than 
at-home techniques with the same HP concentration. How-
ever, further studies are required to evaluate if the prod-
uct’s full performance is attained with the current protocol, 
as increasing the number of in-office applications could 
potentially increase ΔE00/ΔWID/ΔSGU values. A previ-
ous meta-analysis highlighted this problem stating that 

Table 3  Mean and 95% IC values for ΔE00, ΔWID, ΔSGUVC, and 
ΔSGUVB at different times with intergroup analysis. Also presented 
the percentages of cases, for each group, in which ΔE00/ΔWID sur-

passed the respective perceptibility (PT/WPT) and acceptability 
(WAT) thresholds. *Statistically significant difference (P < 0.05) by 
one-way ANOVA with Tukey post hoc

Baseline — after bleaching
80 cases

After bleaching — 6-month 
follow-up
80 cases

Baseline — 6-month follow-up
61 cases

Group A 
27 cases
n = 54

Group B 
26 cases
n = 52

Group C 
27 cases
n = 54

Group A 
20 cases
n = 40

Group B 
20 cases
n = 40

Group C 
21 cases
n = 42

Group A 
20 cases
n = 40

Group B 
20 cases
n = 40

Group C 
21 cases
n = 42

ΔE00 Canines 4.0
[3.7:4.3]

4.3
[4.0:4.7]

7.7*
[7.0:8.3]

0.9
[0.8:1.1]

1.2
[0.7:1.7]

2.1*
[1.7:2.4]

3.7
[3.4:4.0]

4.0
[3.7:4.3]

6.0*
[5.3:6.7]

Incisors 2.6
[2.3:2.8]

2.4
[2.1:2.7]

4.4*
[4.0:4.8]

1.1
[0.9:1.3]

1.0
[0.7:1.2]

1.7*
[1.4:2.1]

1.9
[1.6:2.2]

2.1
[1.8:2.4]

3.2*
[2.7:3.7]

ΔWID Canines 11.0
[10.0:11.0]

11.8
[10.7:12.9]

21.1*
[19.6:23.4]

1.3
[1.0:1.6]

1.7
[1.1:2.2]

4.5*
[3.6:5.3]

10.8
[9.9:11.6]

10.8
[9.8:11.8]

18.5*
[16.5:20.4]

Incisors 5.8
[4.9:6.6]

5.7
[4.9:6.4]

10.7*
[9.5:12.0]

1.4
[1.1:1.8]

1.3
[0.9:1.7]

2.5*
[1.9:3.1]

7.0
[5.8:8.3]

5.1*
[4.3:5.9]

8.5
[7.3:10.2]

ΔSGUVC Canines 7.5
[6.9:8.0]

6.7
[6.2:7.1]

9.1*
[8.6:9.5]

2.7
[1.9:3.5]

1.6
[1.0:2.3]

2.5
[1.9:3.1]

5.1
[4.4:5.9]

5.1
[4.4:5.8]

7.4*
[6.7:8.2]

Incisors 3.6
[3.1:4.1]

2.6*
[2.1:3.1]

3.1
[2.7:3.4]

0.9*
[0.7:1.1]

0.3
[0.1:0.6]

0.4
[0.2:0.5]

2.8
[2.0:3.6]

2.3
[1.7:2.9]

2.7
[2.3:3.0]

ΔSGUVB Canines 4.0
[3.7:4.4]

4.2
[3.8:4.6]

5.9*
[5.6:6.3]

1.5
[1.2:1.9]

1.1*
[0.8:1.3]

2.0
[1.7:2.4]

2.7
[2.3:3.1]

3.4
[2.9:3.9]

4.2*
[3.7:4.7]

Incisors 3.1
[2.8:3.4]

2.6
[2.2:3.0]

3.7*
[3.4:4.0]

1.4
[1.1:1.6]

0.9
[0.7:1.2]

1.0
[0.8:1.3]

1.9
[1.5:2.2]

2.1
[1.7:2.5]

2.7*
[2.4:3.0]

% cases ΔE00 > PT Canines 100 100 100 49.5 47.2 90.5 100 100 90.5
Incisors 98.1 98.1 100 48.4 42.8 83.3 95.2 97.2 92.9

% cases ΔE00 > AT Canines 98.1 98.1 100 2.6 11.1 47.6 97.4 97.2 90.5
Incisors 72.2 75.0 96.3 2.6 8.3 35.7 88.1 88.1 83.3

% cases ΔWID > WPT Canines 100 100 100 67.8 69.4 95.2 100 100 100
Incisors 98.1 98.1 100 68.4 69.4 88.1 100 100 100

% cases ΔWID > WAT Canines 98.1 98.1 100 13.2 25.0 71.4 100 100 95.2
Incisors 81.5 94.2 100 15.8 13.9 40.5 86.8 88.8 92.9
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the application time or the number of applications may be 
inadequate for a full HP release in some bleaching prod-
ucts, thus undervaluing their efficacy/effectiveness [61].

Because patients’ concerns are not exclusively related to 
the treatment result but also the long-term outcomes, it is 
important to follow up on every possible case. All tested sys-
tems presented color stability up to 6 months, regardless of 
the percentage of tooth color relapses, since most differences 
were still superior to the AT thresholds compared to baseline. 
Additionally, only a small percentage of cases needed touch-
up (between 11.9 and 16.7%), in agreement with previous 
studies that tested similar concentration products [9, 29–33, 
36]. However, color stability values differed among tech-
niques, and the bleaching system that attained a higher tooth 
color change was the same with a higher tooth color relapse 
— Opalescence PF (group C). This higher tooth color relapse 
may explain the similar whiteness results in the upper central 
incisors at the 6-month follow-up between groups A and C 
(considering group A’s lower tooth color relapse values).

Patients’ reports revealed improvements in OHRQoL after 
bleaching treatment that were maintained up to 6 months, even 
though that effect seems to decrease over time, as suggested by 
lower SRM values. This finding supports the idea that whiter and 
lighter tooth color may be related to patient satisfaction, conse-
quently impacting OHRQoL, since tooth color is a major factor of 
an aesthetic smile and can have a psychological influence by posi-
tively changing a patient’s self-esteem and social behaviors [2, 3, 
34]. However, a meta-analysis concluded that the impact of tooth 
bleaching improvements on OHRQoL is hardly detected clini-
cally, especially in heterogeneous populations [34]. Accordingly, 
our results suggest that only a small percentage of cases attained 
the OHIP-14 MID value, indicating that the improvements in 
overall OHRQoL may not be clinically relevant. Nevertheless, 
this could be related to the fact that the OHIP-14 MID value was 
established for general oral treatments and not specifically for 
tooth bleaching, thus not providing a reliable threshold [46].

Our results also suggest that the OHRQoL improvement is 
related to the bleaching treatment itself and not to any specific 

Table 4  Mean, median, and 95% IC values for OHIP-14 total score 
and domain score at different times, divided by global and group 
analysis. No significant differences (P > 0.05) were detected between 

groups with Kruskal–Wallis test. *Statistically significant difference 
(P < 0.05) by Friedman test

Baseline 
80 cases
n = 80

After bleaching 
80 cases
n = 80

6-month follow-up 
61 cases
n = 61

OHIP-14 Total score Mean 2.8*
Median 1.0
[1.9:3.8]

Mean 1.7
Median 0
[1.0:2.1]

Mean 2.1
Median 0
[1.3:3.0]

Group A
27 cases
n = 27

Group B
26 cases
n = 26

Group C
27 cases
n = 27

Group A
27 cases
n = 27

Group B
26 cases
n = 26

Group C
27 cases
n = 27

Group A
20 cases
n = 20

Group B
20 cases
n = 20

Group C
21 cases
n = 21

Mean 3.0
Median 2.0
[1.2:5.1]

Mean 2.4
Median 1.0
[0.9:3.5]

Mean 3.0
Median 1.0
[1.0:5.4]

Mean 1.7
Median 1.0
[1.0:3.3]

Mean 1.1
Median 0
[0.2:1.9]

Mean 1.7
Median 0
[0.3:3.1]

Mean 2.9
Median 1.0
[0.:5.1]

Mean 1.6
Median 0
[0.4:2.8]

Mean 2.0
Median 0
[0.4:3.5]

OHIP-14 functional limita-
tion score

Mean 0.2
Median 0
[0:0.6]

Mean 0.1
Median 0
[0:0.2]

Mean 0.1
Median 0
[0:0.3]

Mean 0.4
Median 0
[0.1:0.7]

Mean 0.1
Median 0
[0:0.2]

Mean 0.1
Median 0
[0:0.3]

Mean 0.1
Median 0
[0:0.3]

Mean 0.1
Median 0
[0:0.2]

Mean 0.1
Median 0
[0:0.2]

OHIP-14 physical pain 
score

Mean 0.7
Median 0
[0.2:1.1]

Mean 0.6
Median 0
[0.3:0.9]

Mean 0.7
Median 0
[0.1:1.2]

Mean 0.7
Median 0
[0.3:1.1]

Mean 0.3
Median 0
[0.0:0.6]

Mean 0.3
Median 0
[0:0.6]

Mean 0.6
Median 0
[0.2:1.0]

Mean 0.4
Median 0
[0:0.9]

Mean 0.1
Median 0
[0:0.3]

OHIP-14 psychological 
discomfort score

Mean 1.3
Median 0
[0.5:2.1]

Mean 0.8
Median 0
[0.1:1.2]

Mean 1.2
Median 0
[0.4:2.0]

Mean 0.9
Median 0
[0.3:1.5]

Mean 0.4
Median 0
[0.1:0.8]

Mean 0.6
Median 0
[0.1:1.2]

Mean 1.3
Median 0
[0.4:2.0]

Mean 0.8
Median 0
[0.1:1.3]

Mean 1.0
Median 0
[0.2:1.7]

OHIP-14 physical disabil-
ity score

Mean 0.3
Median 0
[0:0.7]

Mean 0.2
Median 0
[0:0.4]

Mean 0.3
Median 0
[0:0.6]

Mean 0.2
Median 0
[0:0.5]

Mean 0.1
Median 0
[0:0.2]

Mean 0.1
Median 0
[0:0.3]

Mean 0.1
Median 0
[0:0.3]

Mean 0.1
Median 0
[0:0.2]

Mean 0.2
Median 0
[0:0.5]

OHIP-14 psychological 
disability score

Mean 0.6
Median 0
[0.3:1.0]

Mean 0.4
Median 0
[0.1:0.6]

Mean 0.4
Median 0
[0.0:0.7]

Mean 0.2
Median 0
[0:0.4]

Mean 0.2
Median 0
[0:0.4]

Mean 0.3
Median 0
[0:0.5]

Mean 0.5
Median 0
[0.1:0.9]

Mean 0.2
Median 0
[0:0.4]

Mean 0.5
Median 0
[0.1:0.9]

OHIP-14 social disability 
score

Mean 0.4
Median 0
[0.0:0.8]

Mean 0.1
Median 1.0
[0:0.1]

Mean 0.4
Median 0
[0.0:0.8]

Mean 0.3
Median 0
[0.1:0.5]

Mean 0.1
Median 0
[0:0.3]

Mean 0.2
Median 0
[0:0.4]

Mean 0.6
Median 0
[0.2:1.0]

Mean 0.2
Median 0
[0.0:0.5]

Mean 0.3
Median 0
[0.0:0.6]

OHIP-14 handicap score Mean 0.1
Median 0
[0:0.2]

Mean 0.1
Median 0
[0:0.1]

Mean 0.1
Median 0
[0:0.1]

Mean 0.1
Median 0
[0:0.2]

Mean 0.1
Median 0
[0:0.1]

Mean 0.1
Median 0
[0:0.1]

Mean 0.2
Median 0
[0:0.3]

Mean 0.1
Median 0
[0:0.1]

Mean 0.1
Median 0
[0:0.1]
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technique, as significant differences in the OHIP-14 total score 
were detected when evaluating all cases globally. When evaluat-
ing each tested system individually, a similar effect on OHRQoL 
was detected despite minor adverse effects mostly related to mild 
and transient tooth sensitivity and gingival irritation, which were 
reported during the whole treatment in at-home techniques (con-
stant low level of tooth sensitivity) and on treatment days in the 
in-office technique. These higher tooth sensitivity levels and some 
transitory oral lesion occurrences, as reported in other studies, were 
expected for the in-office technique due to the lower viscosity and 
faster HP release of the varnish, increasing the difficulty of soft tis-
sues’ isolation and tooth sensitivity during application [24, 27, 28].

As in most tooth bleaching clinical studies, limitations 
include participants being mostly between 20 and 30 years of 
age, probably due to the inclusion/exclusion criteria requiring 
anterior teeth free of decays/restorations and the higher demand 
for aesthetic treatments by younger individuals [62]. Although 
evidence suggests a significant relationship between the sub-
ject’s age and the magnitude of the whitening response (younger 
subjects experience greater effects), in older populations, tooth 
bleaching could be effective considering the reported positive 
correlation between yellow hues and bleaching effects [63].

The generality of this study’s results may be applied to clini-
cal practice, although a patient-centered approach should always 
be considered. An in-office technique, such as the VivaStyle 
Paint On Plus (group A), would be suitable for faster treatments 
or low compliance patients, while at-home techniques could be a 
treatment option when it is not suitable to perform several clini-
cal bleaching sessions. Additionally, the choice between wear-
ing a custom (Opalescence PF — group C) or an adaptable/
disposable tray (Opalescence GO — group B) could be made 
based on the inability to be submitted to dental impressions 
(e.g., vomit reflex) or difficulties in positioning the adaptable 
tray causing frequent displacements, as detected in our study 
patients’ reports. Since the tested systems have their own advan-
tages, a combined approach, where the treatment is performed 
in the dental office along with an at-home protocol, could be 
proposed to achieve a balance between tooth color change, time 
efficiency, and color stability. Therefore, further studies should 
address assistant bleaching protocols to evaluate the treatment 
potential of the tested bleaching systems in a combine approach.

Conclusions

All techniques presented bleaching efficacy and color 
stability up to the 6-month follow-up, even though a 
small percentage of color relapses must be expected. 
Tooth bleaching produces positive changes in OHRQoL, 
with low to moderate effects that are still detectable at a 
6-month follow-up; however, these improvements are not 
associated with any of the tested systems.

Acknowledgements The authors thank the members of Oral Biology 
and Biochemistry Research Group for their support and valuable help 
in conducting this research. The authors also thank the Faculty of Den-
tal Medicine of the University of Lisbon for supporting this research 
providing the facilities and resources to conduct the study.

Author contribution Conceptualization: Ruben Pereira; methodology: 
Duarte Marques; formal analysis and investigation: Ruben Pereira, João 
Silveira, Susana Dias, Ana Cardoso; writing — original draft prepara-
tion: Ruben Pereira; writing — review and editing: Duarte Marques; 
funding acquisition: António Mata; resources: Ana Cardoso; supervi-
sion: António Mata, Duarte Marques.

Funding The main funding entity was the Faculty of Dental Medicine 
of the University of Lisbon who financially supported this study while 
providing the facilities and resources.

Declarations 

Ethics approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee of Faculty of Dental Medicine of the University of Lisbon.

Consent to participate and consent for publication It was obtained 
from all individual participants included in the study an informed 
consent regarding study procedures/information and publishing data.

Conflict of interest The authors declare no competing interests.

References

 1. Joiner A, Luo W (2017) Tooth colour and whiteness: a review. 
J Dent 67S:S3–S10. https:// doi. org/ 10. 1016/j. jdent. 2017. 09. 006

 2. Tin-Oo MM, Saddki N, Hassan N (2011) Factors influencing 
patient satisfaction with dental appearance and treatments they 
desire to improve aesthetics. BMC Oral Health 11:6. https:// doi. 
org/ 10. 1186/ 1472- 6831- 11-6

 3. Al-Zarea BK (2013) Satisfaction with appearance and the 
desired treatment to improve aesthetics. Int J Dent 2013:912368. 
https:// doi. org/ 10. 1155/ 2013/ 912368

 4. Perdigão J (2016) Tooth whitening: an evidence-based prespec-
tive. Springer, Minneapolis

 5. Boushell LW, Ritter AV, Garland GE, Tiwana KK, Smith LR, 
Broome A, Leonard RH (2012) Nightguard vital bleaching: side 
effects and patient satisfaction 10 to 17 years post-treatment. 
J Esthet Restor Dent 24(3):211–219. https:// doi. org/ 10. 1111/j. 
1708- 8240. 2011. 00479.x

 6. Alkahtani R, Stone S, German M, Waterhouse P (2020) A 
review on dental whitening. J Dent 100:103423. https:// doi. 
org/ 10. 1016/j. jdent. 2020. 103423

 7. Tredwin CJ, Naik S, Lewis NJ, Scully C (2006) Hydrogen per-
oxide tooth-whitening (bleaching) products: review of adverse 
effects and safety issues. Br Dent J 200(7):371–376. https:// doi. 
org/ 10. 1038/ sj. bdj. 48134 23

 8. Kihn PW (2007) Vital tooth whitening. Dent Clin North Am 
51(2):319–31, viii. https:// doi. org/ 10. 1016/j. cden. 2006. 12. 001

 9. Llena C, Villanueva A, Mejias E, Forner L (2020) Bleaching 
efficacy of at home 16% carbamide peroxide. A long-term clini-
cal follow-up study. J Esthet Restor Dent 32(1):12–18. https:// 
doi. org/ 10. 1111/ jerd. 12560

 10. Meireles SS, Heckmann SS, Leida FL, dos Santos IS, Della 
Bona A, Demarco FF (2008) Efficacy and safety of 10% and 

7175Clinical Oral Investigations (2022) 26:7167–7177

https://doi.org/10.1016/j.jdent.2017.09.006
https://doi.org/10.1186/1472-6831-11-6
https://doi.org/10.1186/1472-6831-11-6
https://doi.org/10.1155/2013/912368
https://doi.org/10.1111/j.1708-8240.2011.00479.x
https://doi.org/10.1111/j.1708-8240.2011.00479.x
https://doi.org/10.1016/j.jdent.2020.103423
https://doi.org/10.1016/j.jdent.2020.103423
https://doi.org/10.1038/sj.bdj.4813423
https://doi.org/10.1038/sj.bdj.4813423
https://doi.org/10.1016/j.cden.2006.12.001
https://doi.org/10.1111/jerd.12560
https://doi.org/10.1111/jerd.12560


1 3

16% carbamide peroxide tooth-whitening gels: a randomized 
clinical trial. Oper Dent 33(6):606–612. https:// doi. org/ 10. 2341/ 
07- 150

 11. Majeed A, Farooq I, Grobler SR, Rossouw RJ (2015) Tooth-
bleaching: a review of the efficacy and adverse effects of 
various tooth whitening products. J Coll Physicians Surg Pak 
25(12):891–896

 12. Haywood VB (2000) Current status of nightguard vital bleach-
ing. Compend Contin Educ Dent Suppl (28):S10–7; quiz S48.

 13. Haywood VB, Heymann HO (1989) Nightguard vital bleaching. 
Quintessence Int 20(3):173–176

 14. Demarco FF, Meireles SS, Masotti AS (2009) Over-the-counter 
whitening agents: a concise review. Braz Oral Res 23(Suppl 
1):64–70. https:// doi. org/ 10. 1590/ S1806- 83242 00900 05000 10

 15. Naidu AS, Bennani V, Brunton J, Brunton P (2020) Over-the-
counter tooth whitening agents: a review of literature. Braz Dent 
J 31(3):221–235. https:// doi. org/ 10. 1590/ 0103- 64402 02003 227

 16. Basson RA, Grobler SR, Kotze TJ, Osman Y (2013) Guidelines 
for the selection of tooth whitening products amongst those 
available on the market. SADJ 68(3):122–129

 17. Goldstein RE (1997) In-office bleaching: where we came from, 
where we are today. J Am Dent Assoc 128(Suppl):11S-15S

 18. Maran BM, Matos TP, de Castro ADS, Vochikovski L, Amadori 
AL, Loguercio AD, Reis A, Berger SB (2020) In-office bleach-
ing with low/medium vs. high concentrate hydrogen peroxide: 
a systematic review and meta-analysis. J Dent 103:103499. 
https:// doi. org/ 10. 1016/j. jdent. 2020. 103499

 19. de Geus JL, Wambier LM, Kossatz S, Loguercio AD, Reis A 
(2016) At-home vs in-office bleaching: a systematic review 
and meta-analysis. Oper Dent 41(4):341–356. https:// doi. org/ 
10. 2341/ 15- 287- LIT

 20. Haywood VB, Sword RJ (2017) Tooth bleaching questions 
answered. Br Dent J 223(5):369–380. https:// doi. org/ 10. 1038/ 
sj. bdj. 2017. 767

 21. Carey CM (2014) Tooth whitening: what we now know. J Evid 
Based Dent Pract 14(Suppl):70–76. https:// doi. org/ 10. 1016/j. 
jebdp. 2014. 02. 006

 22. Alqahtani MQ (2014) Tooth-bleaching procedures and their 
controversial effects: a literature review. Saudi Dent J 26(2):33–
46. https:// doi. org/ 10. 1016/j. sdentj. 2014. 02. 002

 23. Pontes M, Gomes J, Lemos C, Leao RS, Moraes S, Vasconcelos 
B, Pellizzer EP (2020) Effect of bleaching gel concentration 
on tooth color and sensitivity: a systematic review and meta-
analysis. Oper Dent 45(3):265–275. https:// doi. org/ 10. 2341/ 
17- 376-L

 24. da Mata AD, Marques DN (2006) A novel technique for in-office 
bleaching with a 6% hydrogen peroxide paint-on varnish. Eur J 
Esthet Dent 1(1):70–77

 25. da Silva Marques DN, Silveira JM, Marques JR, Amaral JA, 
Guilherme NM, da Mata AD (2012) Kinetic release of hydrogen 
peroxide from different whitening products. Eur J Esthet Dent 
7(3):344–352

 26 Eachempati P, KumbargereNagraj S, Kiran Kumar Krishanappa 
S, Gupta P, Yaylali IE (2018) Home-based chemically-induced 
whitening (bleaching) of teeth in adults. Cochrane Database Syst 
Rev 12(12):CD006202. https:// doi. org/ 10. 1002/ 14651 858. CD006 
202. pub2

 27. Cardoso A, Pereira R, Silveira J, Dias S, Mata A, Marques D 
(2021) In-office tooth bleaching effectiveness with different soft-
tissue barriers – randomized controlled trial. Rev Port Estoma-
tol Med Dent Cir Maxilofac 62(3):141–149. https:// doi. org/ 10. 
24873/j. rpemd. 2021. 07. 840

 28. Benbachir N, Ardu S, Krejci I (2008) Spectrophotometric evalua-
tion of the efficacy of a new in-office bleaching technique. Quin-
tessence Int 39(4):299–306

 29. Ferraz NKL, Nogueira LC, Neiva IM, Ferreira RC, Moreira AN, 
Magalhaes CS (2018) Longevity, effectiveness, safety, and impact 
on quality of life of low-concentration hydrogen peroxides in-
office bleaching: a randomized clinical trial. Clin Oral Investig 
23(5):2061–2070. https:// doi. org/ 10. 1007/ s00784- 018- 2607-7

 30. Bersezio C, Ledezma P, Estay J, Mayer C, Rivera O, Fernandez 
E (2019) Color regression and maintenance effect of intracoronal 
whitening on the quality of life: RCT-A one-year follow-up study. 
Oper Dent 44(1):24–33. https:// doi. org/ 10. 2341/ 17- 288-C

 31. Angel P, Bersezio C, Estay J, Werner A, Retamal H, Araya C, 
Martin J, Fernandez E (2018) Color stability, psychosocial impact, 
and effect on self-perception of esthetics of tooth whitening using 
low-concentration (6%) hydrogen peroxide. Quintessence Int 
49(7):557–566. https:// doi. org/ 10. 3290/j. qi. a40468

 32. Bersezio C, Martin J, Mayer C, Rivera O, Estay J, Vernal R, 
Haidar ZS, Angel P, Oliveira OB Jr, Fernandez E (2018) Quality 
of life and stability of tooth color change at three months after 
dental bleaching. Qual Life Res 27(12):3199–3207. https:// doi. 
org/ 10. 1007/ s11136- 018- 1972-7

 33. Fernandez E, Bersezio C, Bottner J, Avalos F, Godoy I, Inda D, 
Vildosola P, Saad J, Oliveira OB Jr, Martin J (2017) 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 42(1):41–52. https:// doi. 
org/ 10. 2341/ 15- 335-C

 34. Kothari S, Gray AR, Lyons K, Tan XW, Brunton PA (2019) Vital 
bleaching and oral-health-related quality of life in adults: a sys-
tematic review and meta-analysis. J Dent 84:22–29

 35. Klaric Sever E, Budimir Z, Cerovac M, Stambuk M, Par M, 
Negovetic Vranic D, Tarle Z (2018) Clinical and patient reported 
outcomes of bleaching effectiveness. Acta Odontol Scand 
76(1):30–38. https:// doi. org/ 10. 1080/ 00016 357. 2017. 13761 11

 36. Mailart MC, Sakassegawa PA, Santos KC, Torres CRG, Palo 
RM, Borges AB One-year follow-up comparing at-home bleach-
ing systems outcomes and the impact on patient's satisfaction: 
Randomized clinical trial. J Esthet Restor Dent 33(8):1175–1185. 
https:// doi. org/ 10. 1111/ jerd. 12814

 37. John MT, Rener-Sitar K, Baba K, Celebic A, Larsson P, Szabo 
G, Norton WE, Reissmann DR (2016) Patterns of impaired 
oral health-related quality of life dimensions. J Oral Rehabil 
43(7):519–527. https:// doi. org/ 10. 1111/ joor. 12396

 38. A. General Assembly of the World Medical (2014) World Medical 
Association Declaration of Helsinki: ethical principles for medical 
research involving human subjects. J Am Coll Dent 81(3):14–18

 39. Fleiss J (1986) The design and analysis of clinical experiments. 
Wiley

 40. Klotz AL, Habibi Y, Corcodel N, Rammelsberg P, Hassel AJ, 
Zenthofer A (2018) Laboratory and clinical reliability of two 
spectrophotometers. J EsthetRestor Dent 28.https:// doi. org/ 10. 
1111/ jerd. 12452

 41. Klotz AL, Habibi Y, Hassel AJ, Rammelsberg P, Zenthofer A How 
reliable and accurate is the shade determination of premolars by 
spectrophotometry?. Clin Oral Investig 24(4):1439–1444. https:// 
doi. org/ 10. 1007/ s00784- 019- 03162-x

 42. Mahn E, Tortora SC, Olate B, Cacciuttolo F, Kernitsky J, Jorquera 
G (2021) Comparison of visual analog shade matching, a digital 
visual method with a cross-polarized light filter, and a spectropho-
tometer for dental color matching. J Prosthet Dent 125(3):511–
516. https:// doi. org/ 10. 1016/j. prosd ent. 2020. 02. 002

 43. Ferreira Dias SB, Lourenco Silveira JM, Nunes Pereira RM, Car-
doso AB, Duarte Sola Pereira da Mata A, da Silva Marques DN 
(2021) CIEL*a*b* values in vita classical and vita 3d master by 
two dental spectrophotometers. Int J Prosthodont 18. https:// doi. 
org/ 10. 11607/ ijp. 7235

 44. Amaral J, Sanches C, Marques D, Vaz Patto J, Barcelos F, Mata 
A (2018) Validation of Oral Health Impact Profile-14 and its 

7176 Clinical Oral Investigations (2022) 26:7167–7177

https://doi.org/10.2341/07-150
https://doi.org/10.2341/07-150
https://doi.org/10.1590/S1806-83242009000500010
https://doi.org/10.1590/0103-6440202003227
https://doi.org/10.1016/j.jdent.2020.103499
https://doi.org/10.2341/15-287-LIT
https://doi.org/10.2341/15-287-LIT
https://doi.org/10.1038/sj.bdj.2017.767
https://doi.org/10.1038/sj.bdj.2017.767
https://doi.org/10.1016/j.jebdp.2014.02.006
https://doi.org/10.1016/j.jebdp.2014.02.006
https://doi.org/10.1016/j.sdentj.2014.02.002
https://doi.org/10.2341/17-376-L
https://doi.org/10.2341/17-376-L
https://doi.org/10.1002/14651858.CD006202.pub2
https://doi.org/10.1002/14651858.CD006202.pub2
https://doi.org/10.24873/j.rpemd.2021.07.840
https://doi.org/10.24873/j.rpemd.2021.07.840
https://doi.org/10.1007/s00784-018-2607-7
https://doi.org/10.2341/17-288-C
https://doi.org/10.3290/j.qi.a40468
https://doi.org/10.1007/s11136-018-1972-7
https://doi.org/10.1007/s11136-018-1972-7
https://doi.org/10.2341/15-335-C
https://doi.org/10.2341/15-335-C
https://doi.org/10.1080/00016357.2017.1376111
https://doi.org/10.1111/jerd.12814
https://doi.org/10.1111/joor.12396
https://doi.org/10.1111/jerd.12452
https://doi.org/10.1111/jerd.12452
https://doi.org/10.1007/s00784-019-03162-x
https://doi.org/10.1007/s00784-019-03162-x
https://doi.org/10.1016/j.prosdent.2020.02.002
https://doi.org/10.11607/ijp.7235
https://doi.org/10.11607/ijp.7235


1 3

association with Hypossialia in a Sjogren Syndrome Portuguese 
Population. Acta Reumatol Port 43(2):137–145

 45. Slade GD (1997) Measuring oral health and quality of life: the 
oral health impact profile. University of North Carolina.

 46. Tsakos G, Allen PF, Steele JG, Locker D (2012) Interpreting oral 
health-related quality of life data. Community Dent Oral Epidemiol 
40(3):193–200. https:// doi. org/ 10. 1111/j. 1600- 0528. 2011. 00651.x

 47. Ialongo C (2016) Understanding the effect size and its measures. 
Biochem Med (Zagreb) 26(2):150–63. https:// doi. org/ 10. 11613/ 
BM. 2016. 015

 48. Middel B, van Sonderen E (2002) Statistical significant change versus 
relevant or important change in (quasi) experimental design: some 
conceptual and methodological problems in estimating magnitude of 
intervention-related change in health services research. Int J Integr 
Care 2:e15. https:// doi. org/ 10. 5334/ ijic. 65 (Epub 2002 Dec 17)

 49. Locker D, Jokovic A, Clarke M (2004) Assessing the responsive-
ness of measures of oral health-related quality of life. Community 
Dent Oral Epidemiol 32(1):10–18. https:// doi. org/ 10. 1111/j. 1600- 
0528. 2004. 00114.x

 50. Bland J, Altman D (1997) Cronbach’s alpha. BMJ 314(7080):572
 51. A. Mata, D. Marques, J. Silveira, J. Marques, Branqueamento 

Dentário, in: J. Ramos (Ed.), Estética em Medicina Dnetária, 
Edição de autor, Coimbra, 2009, pp. 16–22.

 52. Paravina RD, Johnston WM, Powers JM (2007) New shade guide for 
evaluation of tooth whitening–colorimetric study. J Esthet Restor Dent 
19(5):276–283. https:// doi. org/ 10. 1111/j. 1708- 8240. 2007. 00118_1.x

 53. International Organization for Standardization (2016) ISO/TR 
28642 dentistry—guidance on color measurement. International 
Organization for Standardization, Geneva

 54. Perez Mdel M, Ghinea R, Rivas MJ, Yebra A, Ionescu AM, Para-
vina RD, Herrera LJ (2016) Development of a customized white-
ness index for dentistry based on CIELAB color space. Dent Mater 
32(3):461–467. https:// doi. org/ 10. 1016/j. dental. 2015. 12. 008

 55. Perez MM, Herrera LJ, Carrillo F, Pecho OE, Dudea D, Gasparik 
C, Ghinea R, Bona AD (2019) Whiteness difference thresholds 
in dentistry. Dent Mater 35(2):292–297. https:// doi. org/ 10. 1016/j. 
dental. 2018. 11. 022

 56. Commission Internationale de l'Eclairage (2004) CIE 15:2004 
Technical Report. Colorimetry, 3rd Edition. Vienna, Austria.

 57. Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger 
M, Sakai M, Takahashi H, Tashkandi E, Perez Mdel M (2015) 
Color difference thresholds in dentistry. J Esthet Restor Dent 
27(Suppl 1):S1-9. https:// doi. org/ 10. 1111/ jerd. 12149

 58. Paravina RD, Perez MM, Ghinea R (2019) Acceptability and 
perceptibility thresholds in dentistry: a comprehensive review of 
clinical and research applications. J Esthet Restor Dent 31(2):103–
112. https:// doi. org/ 10. 1111/ jerd. 12465

 59. Hogg R, Tanis E, Zimmerman D (2015) Probability and statistical 
inference. Pearson 9th Edition

 60. Borse S, Chaware SH (2020) Tooth shade analysis and selection 
in prosthodontics: a systematic review and meta-analysis. J Indian 
Prosthodont 20(2):131–140. https:// doi. org/ 10. 4103/ jips. jips_ 
399_ 19 (Epub 2020 Apr 7)

 61. Luque-Martinez I, Reis A, Schroeder M, Munoz MA, Loguer-
cio AD, Masterson D, Maia LC (2016) Comparison of efficacy 
of tray-delivered carbamide and hydrogen peroxide for at-home 
bleaching: a systematic review and meta-analysis. Clin Oral Inves-
tig 20(7):1419–1433. https:// doi. org/ 10. 1007/ s00784- 016- 1863-7

 62. Silva FBD, Chisini LA, Demarco FF, Horta BL, Correa MB 
(2018) Desire for tooth bleaching and treatment performed in Bra-
zilian adults: findings from a birth cohort. Braz Oral Res 32:e12. 
https:// doi. org/ 10. 1590/ 1807- 3107b or- 2018. vol32. 0012

 63. Joiner A (2006) The bleaching of teeth: a review of the literature. 
J Dent 34(7):412–419. https:// doi. org/ 10. 1016/j. jdent. 2006. 02. 002

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

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.

7177Clinical Oral Investigations (2022) 26:7167–7177

https://doi.org/10.1111/j.1600-0528.2011.00651.x
https://doi.org/10.11613/BM.2016.015
https://doi.org/10.11613/BM.2016.015
https://doi.org/10.5334/ijic.65
https://doi.org/10.1111/j.1600-0528.2004.00114.x
https://doi.org/10.1111/j.1600-0528.2004.00114.x
https://doi.org/10.1111/j.1708-8240.2007.00118_1.x
https://doi.org/10.1016/j.dental.2015.12.008
https://doi.org/10.1016/j.dental.2018.11.022
https://doi.org/10.1016/j.dental.2018.11.022
https://doi.org/10.1111/jerd.12149
https://doi.org/10.1111/jerd.12465
https://doi.org/10.4103/jips.jips_399_19
https://doi.org/10.4103/jips.jips_399_19
https://doi.org/10.1007/s00784-016-1863-7
https://doi.org/10.1590/1807-3107bor-2018.vol32.0012
https://doi.org/10.1016/j.jdent.2006.02.002

	Bleaching efficacy and quality of life of different bleaching techniques — randomized controlled trial
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical significance 

	Introduction
	Materials and methods
	Study design and participants
	Randomization process and blinding
	Calibration of examiners for clinical analysis
	Oral health-related quality of life evaluation
	Clinical procedures and measurements
	Sample size calculation
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


