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Abstract
Objective  To investigate the effect of reducing exposure time to at-home bleaching gel on color change and tooth sensitivity.
Materials and methods  The search was carried out using PubMed, Scopus, Web of Science, EMBASE, LILACS, Cochrane. 
Randomized clinical trials (RCTs) were included involving adult patients who have never undergone bleaching treatment 
before (P), subjected to bleaching with a reduced exposure time to the at-home bleaching agent (I) compared to those who 
used it for the time indicated by the manufacturer (C), to evaluate the effects on color change and tooth sensitivity (O). The 
Cochrane guidelines for the Risk of Bias Assessment Tool (RoB 2.0) and GRADE were used to assess risk of bias and qual-
ity of evidence, respectively.
Results  Using at-home bleaching gel for the period recommended by the manufacturer resulted in significantly higher ΔEab 
and ΔWID values and better subjective color change (ΔSGU—Classical), regardless of the evaluation time. Regarding the 
post-bleaching evaluation, no significant differences were found for ΔE00 immediately after bleaching or ΔSGU (Bleached) 
at any time. Reducing the time of use significantly decreased tooth sensitivity events.
Conclusions  Reducing exposure time to at-home bleaching gel reduces tooth sensitivity events; however, most of the param-
eters that assess color change indicate using at-home bleaching gel for the time recommended by the manufacturer.
Clinical significance  Reducing exposure time to at-home bleaching gel should be applied with caution in clinical practice. 
Although the evidence suggests a reduction in tooth sensitivity events, bleaching effectiveness was significantly higher after 
using the bleaching gel for the time indicated by the manufacturer.
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Introduction

The aesthetic appearance of teeth has played an essen-
tial role in modern society, where people associate it with 
self-esteem and social acceptance [1]. In this context, the 
increasing demand for tooth bleaching reflects not only 
the desire for a better quality of life, but also the stand-
ards of beauty imposed by society [2–6]. Tooth bleaching 
effectively addresses dental discoloration and is a popular 
approach based on its cost-effectiveness and less invasive 
alternative to restorative procedures [7, 8]. The treatment 
involves applying high- or low-concentration peroxide gels 
to the buccal surface of the enamel, which would be capa-
ble of diffusing towards the dentin. When in contact with 
water, the hydrogen peroxide is decomposed into oxygen 
free radicals (ROS) that break down dental chromophores 
(pigments) into shorter molecules [9–11].

Among the bleaching techniques and materials avail-
able for its performance, in-office bleaching uses high 
concentrations (25–40%) of hydrogen (HP) or carbamide 
peroxide (CP) [12]. On the other hand, at-home tooth 
bleaching is based on the use of personalized bleaching 
trays loaded daily by the patient with low concentrations 
of HP and CP (< 10% and 22%, respectively) [7, 13, 14]. 
Regardless of the technique and products employed, 
bleaching effectiveness is reported for most cases when 
the procedure is performed correctly, according to the 
clinical indication [14].

Tooth sensitivity remains a common adverse effect 
associated with bleaching treatments. Still, a systematic 
review and meta-analysis showed that less concentrated 
CP gels when compared to more concentrated gels, may 
cause less risk and intensity of tooth sensitivity during at-
home bleaching [14]. However, these lower-concentration 
gels generally require longer application times to achieve 
satisfactory aesthetic outcomes. In this context, some 
researchers have shown that reducing the application time 
may not negatively affect the efficacy of at-home bleach-
ing, thereby increasing patient comfort without compro-
mising the esthetic outcomes [1, 15]. In addition, it is pos-
sible to reduce the time needed for bleaching by employing 
low-concentration HP gels for at-home treatment [15]. 
Although the manufacturer recommends using the bleach-
ing gel (HP 4%) for 2 h a day, one study showed that after 
60 min, over two-thirds of the HP was consumed [16], 
and the amount of gel that reacts with the tooth decreases 
by half after twenty minutes [17]. Thus, using the tray 
within the time indicated by the manufacturer can still be 
overestimated [17].

Randomized clinical trials (RCTs) have evaluated 
whether reducing the daily time of wearing the individual 
tray during at-home bleaching treatment influenced the 

bleaching efficacy and tooth sensitivity [1, 15, 17, 18]. 
Although these clinical studies provide valuable insights 
individually, there is currently no systematic review and 
meta-analysis that comprehensively synthesizes these find-
ings. Such analysis is essential for a robust assessment 
of the overall evidence, clarifying the effects of reduced 
exposure times of at-home bleaching gels on color change 
and sensitivity across different studies. Therefore, this sys-
tematic review with meta-analysis aims to fill this gap by 
answering the question: Does the reduced time of use of 
at-home bleaching gel (I) influence the color change and 
tooth sensitivity (O) in adults (P) when compared to the 
use for the time indicated by the manufacturer (C)?

Material and methods

Protocol and registration

This study was registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO 
– CRD42022324330). Furthermore, this systematic review 
followed the guidelines laid out in the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
statement to be reported [19].

Eligibility criteria

The eligibility criteria were defined based on the following 
PICOS strategy:

1.	 Participant (P): Adult patients with no dental caries, 
no need for endodontics, orthodontics, or periodontal 
treatment, and who have never undergone bleaching 
treatment before;

2.	 Intervention (I): Reduced exposure time to the at-home 
bleaching agent;

3.	 Comparison (C): Exposure time to the at-home bleach-
ing agent indicated by the manufacturer;

4.	 Outcome (O): Color change in shade guide units (∆SGU) 
and with a spectrophotometer/colorimeter/chromameter 
(∆E*, CIEL*a*b* or CIEDE2000 and Whiteness Index, 
ΔWID) and tooth sensitivity (relative risk, RR);

5.	 Study design (S): Randomized controlled trials (RCT).

Only parallel or split-mouth randomized controlled trials 
(RCTs) were included in this systematic review. Thus, the 
exclusion criteria were as follows: reviews, case reports, in 
situ studies, in vitro studies, studies using participants with 
deciduous teeth, and studies that did not evaluate at least 
two groups (intervention and comparison) and others that 
compared bleaching results in non-vital teeth.
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The selected studies were chosen for their direct relevance 
to the field. They evaluated groups that used an at-home 
bleaching technique, using an individual tray with low-
concentrated bleaching gels (HP or CP). The studies were 
expected to have evaluated the efficacy and tooth sensitivity 
caused by the gels in two distinct time regimens: the time 
recommended by the manufacturer and a reduced one.

Information sources and search strategy

The controlled vocabulary (MeSH terms), synonyms, and 
free keywords were combined with the Boolean operators 
"AND" and "OR" and then, the search strategy was defined 
for the MEDLINE database by PubMed and adapted to other 
electronic databases (Scopus, Web of Science, EMBASE, 
LILACS—via VHL and Cochrane) (Table 1). The gray lit-
erature was explored by searching abstracts at the Interna-
tional Association of Dental Research (IADR) annual con-
ference, studies in Data Archiving and Networked Services 
(DANS), and Google Scholar (one hundred first references). 
Dissertations and theses were searched in the Bases of Dis-
sertations and Periodic Theses of ProQuest at Capes and 
the ongoing studies in the following clinical trial registries: 
ClinicalTrials.gov (www.​Clini​calTr​ials.​gov) and Brazilian 
Registry of Clinical Trials (www.​rebec.​gov.​br). No restric-
tions were applied regarding language, publication date, or 
any other filters during the database searches to avoid lim-
iting the studies retrieved. Randomized parallel and split-
mouth clinical trials RCTs that compared the reduced use 
time of at-home bleaching gel versus the time indicated by 
the manufacturer in adult patients with permanent dentition 
were included.

Study selection and data collection process

All the studies found were exported to reference manage-
ment software (Endnote™), and duplicate citations were 
removed by two independent reviewers (PBGM and LV). 
After that, the studies were screened. These screened studies 
were then included in the Rayyan™ platform to determine 
their relevance based on their titles. Subsequently, the stud-
ies were evaluated to decide whether to read the full text. It 
was read entirely if a study had insufficient information in 
the title or abstract. The same two reviewers then read the 
selected articles to identify if they met the inclusion criteria. 
A third reviewer (MK) was consulted in case of any disa-
greement. The two reviewers (PBGM and LV) performed 
data extraction independently, collecting information about 
the details of each study (author and year), study design 
(parallel or split-mouth), the number of participants (per 
group and total), the average age of the participants, the 
interventions carried out, and the parameters used (color 

and sensitivity analysis). The results of the analyzed param-
eters were summarized. When data were not reported in 
studies, authors were contacted by email to request missing 
information.

Risk of bias in individual studies

The two reviewers (PBGM and LV) independently assessed 
the individual quality of the selected studies through the 
risk of bias using Cochrane instruments. The risk of bias in 
RCTs was analyzed with the Cochrane Risk of Bias Assess-
ment Tool (RoB 2.0) [20], which evaluates bias across five 
domains:

(1)	 Bias arising from the randomization process;
(2)	 Bias due to deviations from intended interventions;
(3)	 Bias due to missing outcome data;
(4)	 Bias in measurement of the outcome;
(5)	 Bias in selection of the reported results.

Each domain was judged as having either low risk of 
bias, some concerns, or high risk of bias based on possible 
answers: yes, probably yes, probably no, no, not applicable, 
and no information. For a study to be considered low risk, 
it needed to receive low risk grades in all domains. Studies 
with low risk of bias in some domains and some concerns 
in others were classified as having some concerns. Addition-
ally, if one domain was judged to have a serious or critical 
risk of bias, the study was classified as having a serious risk 
of bias.

Synthesis methods

The meta-analysis of all data was conducted using the sta-
tistical software Revman 5 (Review Manager version 5.4). 
Data on color change measured with different units of color 
scale were not associated. Thus, for the different continuous 
outcomes, the mean difference (MD) was utilized and meta-
analyses were carried out regarding 1- Color change through 
the CIEL*a*b* system (ΔEab), 2- Color change through the 
CIEDE 2000 system (ΔE00), 3- Whitening index (ΔWID), 
4- Color change through the classical shade guide system 
(ΔSGU-Classical), and 5- Color change through the shade 
guide system for bleached teeth (ΔSGU-Bleached). For all 
outcomes, the meta-analysis was performed at 2 different 
time points: 1st: after 2 weeks from the beginning of the 
bleaching treatment, and 2nd: after 1 week from the end of 
the bleaching treatment (considered short-term, follow-up). 
For the dichotomous outcome (tooth sensitivity), RR data 
were used.

The analyses included methodologically and clinically 
homogeneous studies. Meta-analyses were carried out 
by combining both evaluated bleaching agents, hydrogen 

http://www.ClinicalTrials.gov
http://www.rebec.gov.br
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peroxide and carbamide peroxide, as our aim was to assess 
the effects of reduced application time on color change and 
tooth sensitivity, regardless of gel type. In addition, the 
limited number of clinical studies available and insufficient 
data for subgroup analyses by gel type and concentration 
required this combined approach. Random effects meta-
analyses applying the inverse variance method were used 
to calculate effect measures and their corresponding 95% 
confidence intervals. Only studies classified as having a low 
and medium risk of bias of bias were included in the color 
change and tooth sensitivity analyses to evaluate the robust-
ness of the findings.

Subgroup analyses for color change outcomes were per-
formed to assess the effect of follow-up time on the reported 
results, with follow-up time as the main variable. The lack 
of sufficient data restricted the possibility of carrying out 
additional subgroup analyses by factors such as age group, 
type and concentration of bleaching agent. Additionally, was 
not possible to carry out a subgroup analysis for the tooth 
sensitivity results due to the lack of data reported during 
follow-up. Statistical heterogeneity was assessed using the 
I2 index. Summary statistics and effect sizes from individ-
ual studies and summary effects from meta-analyses were 
reported in Forest Plots. Publication bias assessment, using 
funnel plots, was not considered due to the lack of power 
of the analyses as they included a small number of studies 
(less than 10) [21].

Certainty of the evidence

The certainty of the estimates from the meta-analyses con-
ducted was assessed using the Grading of Recommenda-
tions, Assessment, Development and Evaluation Pro soft-
ware (GRADE pro-Guideline Development Tool, available 
online at gradepro.org). Risk of bias, inconsistency, indi-
rectness, imprecision, and the possibility of publication bias 
were the contemplated aspects to rate the overall certainty 
of evidence [22].

Results

Study selection

A diagram describing the search and selection procedures, 
following the PRISMA guidelines [19] is illustrated in 
Fig. 1. The search was conducted until February 2024. After 
screening in databases and gray literature, and removing 
duplicates, a total of 6,011 studies were initially identified. 
Subsequently, 5,996 records were excluded based on eligi-
bility criteria during the title and abstract screening phase. 
This led to the selection of 15 studies for comprehensive 
full-text assessment. After careful examination, 6 studies 

were excluded: four were protocols with previously pub-
lished and retrieved articles, theses, or dissertations, while 
two did not have a comparator group. Nine studies were 
included for the data extraction and qualitative synthesis [1, 
15, 17, 18, 23–27] and 8 for the quantitative synthesis [1, 
15, 17, 18, 23, 24, 26, 27].

Characteristics of included studies

Characteristics of the 9 selected studies are detailed in 
Table 2. The parallel study design was predominantly used 
in these studies [1, 15, 17, 18, 23, 25–27]. Only one study 
was performed under a split-mouth design [24]. The number 
of patients included in these studies ranged from 30 to 92 
participants and the mean age ranged from 18.23 to 36.13. 
One study did not report this information [15].

Eight [1, 15, 17, 18, 23, 25, 27] out of the nine stud-
ies included in this systematic review evaluated both the 
objective (ΔEab and/or ΔE00) and the subjective (ΔSGU) 
color change. Only two [1, 24] evaluated the whitening 
index (∆WID). One reported only the ΔEab values [26]. 
Five studies used a shade guide Vita Classical and Vita 
Bleached [1, 15, 17, 24, 25] and two a shade guide Vita-
pan Classical [18, 27]. For objective color assessments, 
seven used the Vita Easyshade spectrophotometer [1, 15, 
17, 18, 23, 24, 26] and two the Vivadent Easyshade spec-
trophotometer [25, 27].

For tooth sensitivity (TS) outcome all studies included 
[1, 15, 17, 18, 23–27] evaluated the intensity of TS and 
of these nine, six [1, 15, 17, 23, 25, 26] reported in their 
full texts both, the intensity and, also the risk of TS. Two 
employed the Visual Analogue Scale (VAS) [1, 23], two 
the Numeral Rating Scale (NRS) [24, 25], three the Verbal 
Evaluation Scale (VES) [18, 26, 27] and two used both, 
VAS and NRS to determine the intensity of TS [15, 17].

Variations were detected in the moments of assessment 
of color change and tooth sensitivity. Five articles exhib-
ited the color outcomes measured 1-week [1, 15, 17, 23, 
24], seven measured 2-weeks [15, 17, 18, 23–27] three 
measured 3-weeks [17, 23, 24], and one measured 4-weeks 
[17] during the bleaching procedures. In one study, the 
color outcomes were assessed after 16 days of the bleach-
ing treatment [18]. In three articles, this outcome was 
evaluated after complete patient satisfaction, which was 
variable [18, 26, 27]. Six RCTs reported the follow-up 
of the patient's color assessment after the final bleaching 
procedures [1, 15, 17, 23, 24, 27]. Of these studies, two 
were evaluated after 2 weeks [23, 24], three after 1 month 
[15, 17, 27], and one after 6 and 12 months [1]. Regard-
ing the evaluation of the TS, eight papers measured this 
outcome daily [15, 17, 18, 23–27], and one [1] measured 
2, 7, and 14 days during the bleaching treatment. Three 
RCTs reported the follow-up for TS [1, 23, 24]. Of these 
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studies, two were evaluated after 2 weeks [23, 24] and one 
[1] after 48 h of the end treatment.

Bleaching protocols

As shown in Table 2, most of the selected studies used CP 
10% for at-home bleaching [1, 18, 23, 24, 26]. Four studies 
used HP varying from 4 to 10% [15, 17, 25, 27]. Variations 
in the bleaching protocol were observed mainly due to the 
presence of two types of bleaching agents (CP and HP), each 
characterized by varying concentrations and application times 
according to the manufacturer's specifications, as described in 
Table 2. However, in the studies that used CP 10%, the time 
indicated by the manufacturer was 8 h/daily, and the time of the 
treatment was variable. Two studies carried out the treatment 
during 21 days [23, 24], two during 14 days [1, 26] and one 
during 16 days [18]. More significant differences in bleach-
ing protocols were observed in studies that used HP. The time 
indicated by the manufacturer was 60 min/daily in two studies 
[25, 27] and 30 and 120 min, respectively [15, 17]. The dura-
tion of treatment varied from 14 to 42 days.

Assessment of risk of bias

The risk of bias in the eligible studies is presented in Fig. 2. 
The assessments were conducted for each outcome—
color change analysis and tooth sensitivity—by RoB 2.0 

guidelines. Since all studies included both color analysis 
(using either ΔE or ΔSGU) and sensitivity analysis (using 
either VAS or NRS), each outcome within a given study was 
assigned the same bias score, ensuring consistency in risk of 
bias assessment across the studies. Across both outcomes, 
all studies were classified as having either a low or moder-
ate risk of bias in key domains. In the full-text evaluations, 
four studies [1, 15, 17, 26] were classified as low risk of bias 
according to the risk of bias used (RoB 2.0), as they met the 
five specific domains evaluated. Four studies were classified 
as having some concerns. Of these, three [18, 24, 27] don't 
report clearly the method of randomization employed and 
how the allocation concealment was performed in their full 
texts and one [23] about the measurement of the outcome, 
his domain was judged “unclear”.

One study was considered a high risk of bias [25] because 
it started just a few months before the start COVID-19 pan-
demic and had to be stopped. Consequently, a substantial 
number of randomized patients were lost. In the full text 
of the manuscript, no consistent evidence indicates that the 
results reported were from all initially randomized patients. 
Therefore, it was not used in the meta-analysis.

Results of syntheses

The effect measures considered to evaluate the influence of 
the time of use of the bleaching agent on color change and 

Fig. 1   Flow diagram of literature searches
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tooth sensitivity were the mean difference (MD) for con-
tinuous outcomes (ΔEab, ΔE00, WID, ΔSGU—classical, 
ΔSGU—Bleached) and the Relative Risk (RR) for dichoto-
mous outcomes (Tooth sensitivity). Subgroup analyses 
were performed to assess the effect of follow-up time on the 
reported results for color change. A meta-analysis on the 
intensity of TS was not performed due to significant varia-
tions in the data reported in different studies. Despite efforts 
to gather additional information by contacting the authors 
via email, compiling a meta-analysis focusing specifically 
on the intensity of TS was not feasible. Measures were taken 
to reduce the discrepancy in the moments of assessment 
of color change outcome. We conducted a meta-analysis 
based on two specific evaluation points: two weeks after 
the bleaching procedure and during a short-term follow-up 
period, defined as three weeks or more after the treatment's 
completion. The duration of this follow-up varied depending 
on the specific bleaching protocol employed. In the follow-
ing results of the meta-analysis, values in parentheses rep-
resent the 95% confidence intervals (CIs) for each measure.

Color Change—ΔEab

It was observed that the use of at-home bleaching gel for the 
time indicated by the manufacturer promoted higher ΔEab 
with a statistical difference for two weeks and, also at short 
short-term follow-up (p < 0.0001 and p = 0.04, respectively). 
The MD at two weeks was -1.69 (-2.44, -0.93) and -0.96 
(-1.85, -0.06) for the short-term follow-up. (Fig. 3).

Color Change—ΔE00

As shown in Fig. 4, there was no difference between the 
studies after two weeks (p = 0.13) with the MD. However, 
when we look at short-term follow-up there's a significant 
difference that favors using the gel within the time indicated 
by the manufacturer (p < 0.0001). The overall MD was -1.13 
(-1.60, -0.67).

Color Change—WID

Similarly, the group that used the bleaching gel for the 
period recommended by the manufacturer showed better 
WID results than those that bleached for a shorter period. 
(p = 0.002 – two weeks; p = 0.0010 – short-term follow-up). 
The overall MD was -2.93 (-4.79, -1.08) and -2.78 (-4.44, 
-1.13), respectively (Fig. 5).

Subjective Color Change ΔSGU—Classical

The included studies demonstrated that the reduced time 
of use of at-home bleaching gel compared to use for the Ta
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time indicated by the manufacturer influenced subjec-
tive color change ΔSGU—Classical outcome. Significant 
differences were detected at two weeks (p = 0.0008) and 
short-term follow-up (p = 0.0004) after bleaching favor-
ing the use of the gel within the time indicated by the 
manufacturer. The overall MD was -0.98 (-1.55, -0.40) 
and -0.96 (-1.50, -0.43). The data from the evaluated sub-
groups were considered homogeneous (p = 0.21, I2 = 36%; 
p = 0.22, I2 = 31%) (Fig. 6).

Subjective Color Change ΔSGU—Bleached

ΔSGU—Bleached shows that no differences were detected 
at two weeks (p = 0.09) and short-term follow-up (p = 0.18) 
after bleaching when compared to the reduced use time of 
at-home bleaching gel and the time indicated by the manu-
facturer. The overall MD was -0.55 (- 1.19, 0.08) and -0.52 
(-1.28, 0.24). The data from the evaluated subgroups did not 
present heterogeneity (p = 0.27, I2 = 23%; p = 0.17, I2 = 44%) 
(Fig. 7).

Relative Risk of TS

The use of a reduced time of at-home bleaching gel favored 
a reduction in the incidence of tooth sensitivity events, as 
a statistical difference was found between the intervention 

and comparison groups (p = 0.03). The overall RR was 0.80 
(0.66, 0.98). We did not detect heterogeneity in the data 
(p = 0.30, I2 = 17%) (Fig. 8).

Assessment of the certainty of evidence

Table 3 presents an overview of the GRADE assessment detail-
ing the certainty of evidence for the RCTs. The certainty of the 
evidence ranged from very low to moderate. The items most 
affected were the imprecision and risk of bias of the studies 
evaluated. The imprecision for the continuous outcomes (ΔEab, 
ΔE00, ΔWID, ΔSGU-Classical and ΔSGU-Bleached) was 
considered to be affected by a limited number of individuals 
included in the analyses (the GRADE rule of thumb indicates 
a minimum number of 400 for continuous outcomes) and by 
the confidence interval which included 0 (lack of effect) and 
additionally included values which demonstrate a clinically 
important effect in one of the directions (interval limit greater 
than 1 unit). In addition, for dichotomous outcomes (TS) the 
imprecision of the studies was also affected by a limited num-
ber of individuals included in the analyses (the GRADE rule of 
thumb indicates a minimum number of 2,000 or perhaps 4,000 
for dichotomous outcomes), and also by the confidence interval 
that included 1 (lack of effect) and additionally included values 
that demonstrate a clinically important effect in one of the direc-
tions (the lower limit shows a RR reduction greater than 25%). 

Fig. 2   Summary of risk of bias 
assessment for all outcomes 
(color change and tooth sensi-
tivity)
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Fig. 3   Forest plot of objective color change (ΔEab) obtained with protocols using the at-home bleaching gel for the time indicated by the manu-
facturer and in a reduced time

Fig. 4   Forest plot of objective color change (ΔE00) obtained with protocols using the at-home bleaching gel for the time indicated by the manu-
facturer and in a reduced time
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On the other hand, the risk of bias was considerably affected 
by data from some studies with methodological limitations that 
could have compromised the validity of the estimates.

Discussion

When performing at-home bleaching, the professional must 
choose the type and concentration of bleaching gel for each 
patient. Each manufacturer indicates a specific time for using 

the tray with the gel. This systematic literature review com-
pared whether reducing this manufacturer-indicated time 
maintains the bleaching effect while reducing tooth sen-
sitivity. However, due to methodological differences, the 
certainty of the evidence was classified from low to mod-
erate. Although RCTs generally exhibit high initial qual-
ity, it is important to note that limitations in study design, 
uncertainty about the direction of results, and significant 
data inconsistency can negatively impact the level of evi-
dence. To ensure consistency in the certainty of evidence, 

Fig. 5   Forest plot of objective color change (WID) obtained with protocols using the at-home bleaching gel for the time indicated by the manu-
facturer and in a reduced time

Fig. 6   Forest plot of subjective color change (ΔSGU – Classical) obtained with protocols using the at-home bleaching gel for the time indicated 
by the manufacturer and in a reduced time
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a global analysis of the results was conducted, including 
studies with some concerns regarding risk of bias, as long 
as their impact on evidence certainty was not significant. 
Both bias and imprecision, however, affected the overall 
quality of the evidence, as discussed above. The risk of bias 
assessments for each outcome—color change analysis and 
tooth sensitivity—were conducted in accordance with RoB 
2.0 guidelines, providing a structured evaluation across key 
domains. Therefore, although these studies were included 
in the analysis, their presence may affect confidence in the 

results, highlighting the need for caution when interpreting 
the conclusions.

The present study demonstrated that the use of bleach-
ing gel for the time recommended by the manufacturer 
resulted in better whitening efficacy than that observed 
when the application time shortened, as observed in both 
the objective assessment (ΔEab) and the subjective assess-
ment (ΔSGU-Classical) of color. These differences were 
noted in both the evaluation after two weeks of treatment 
and the short-term assessment, with the certainty of the 

Fig. 7   Forest plot of subjective color change (ΔSGU – Bleached) obtained with protocols using the at-home bleaching gel for the time indicated 
by the manufacturer and in a reduced time

Fig. 8   Forest plot of relative risk of TS obtained with protocols using the at-home bleaching gel for the time indicated by the manufacturer and 
in a reduced time
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Table 3   Summary of the findings and the quality of evidence assessment according to GRADE

* For continuous outcomes
** For dichotomous outcomes
• The exclusion of data from studies with "some concerns" related to risk of bias did not alter the direction and/or significance of the estimates. 
Therefore, data were maintained to gain precision
a Limited number of subjects included in the analyses (GRADE rule of thumb indicates a minimum number of 400 for continuous outcomes)
b Confidence interval includes 0 (lack of effect), and additionally includes values that demonstrate a clinically important effect in one of the 
directions (interval limit greater than 1 unit)
c Data from some studies with methodological limitations that could have compromised the validity of the estimates
d Limited number of subjects included in the analyses (GRADE rule of thumb indicates a minimum number of 2000 or perhaps 4000 for dichot-
omous outcomes)
e Confidence interval includes 1 (lack of effect), and additionally includes values that demonstrate a clinically important effect in one of the 
directions (lower limit shows relative risk reduction greater than 25%)

Certainty assessment # of par-
ticipants

Absolute effect Overall cer-
tainty

# of studies Design of the 
studies

Risk of bias Inconsistency Indirectness Imprecision Other con-
siderations

MD (95% CI)*
OR (95% CI)**

ΔEab (2 weeks after bleaching)
8 Randomized 

clinical trials
Not serious• Not serious Not serious Seriousa None 388 MD: -1.69 

(-2.44, -0.93)
⨁⨁⨁◯ 

MODER-
ATE

ΔEab (short-term follow-up)
5 Randomized 

clinical trials
Serious Not serious Not serious Seriousa None 278 MD: -0.96 

(-1.85, -0.06)
⨁⨁◯◯ 

LOW
ΔE00 (2 weeks after bleaching)
2 Randomized 

clinical trials
Not serious Not serious Not serious Very Seriousa,,b None 122 MD: -0.51 

(-1.18, 0.15)
⨁⨁◯◯ 

LOW
ΔE00 (short-term follow-up)
4 Randomized 

clinical trials
Not serious• Not serious Not serious Seriousa None 206 MD: -1.13 

(-1.60, -0.67)
⨁⨁⨁◯ 

MODER-
ATE

ΔSGU-Classical (2 weeks after bleaching)
3 Randomized 

clinical trials
Not Serious Not serious Not serious Seriousa None 194 MD: -0.98 

(-1.55, -0.40)
⨁⨁⨁◯ 

MODER-
ATE

ΔSGU-Classical (short-term follow-up)
4 Randomized 

clinical trials
Not serious Not serious Not serious Seriousa None 234 MD: -0.96 

(-1.50, -0.43)
⨁⨁⨁◯ 

MODER-
ATE

ΔSGU-Bleached (2 weeks after bleaching)
3 Randomized 

clinical trials
Not serious Not serious Not serious Very seriousa,b None 194 MD: -0.55 

(-1.19, 0.08)
⨁⨁◯◯ 

LOW
ΔSGU-Bleached (short-term follow-up)
3 Randomized 

clinical trials
Not serious Not serious Not serious Very seriousa,b None 194 MD: -0.52 

(-1.28, 0.24)
⨁⨁◯◯ 

LOW
ΔWID (2 weeks after bleaching)
2 Randomized 

clinical trials
Not serious• Not serious Not serious Seriousa None 70 MD: -2.93 

(-4.79, -1.08)
⨁⨁⨁◯ 

MODER-
ATE

ΔWID (short-term follow-up)
2 Randomized 

clinical trials
Not serious• Not serious Not serious Seriousa None 70 MD: -2.78 

(-4.44, -1.13)
⨁⨁⨁◯ 

MODER-
ATE

Tooth Sensitivity
6 Randomized 

clinical trials
Seriousc Not serious Not serious Very seriousd,e None 314 RR: 0.80 (0.66, 

0.98)
⨁⨁⨁◯ 

VERY LOW
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evidence considered to be low to moderate. These two dif-
ferent time points were adopted in the meta-analyses based 
on the different evaluation times reported by the included 
studies. Randomized clinical trials on tooth bleaching nor-
mally point out the color outcomes not only immediately 
after the last bleaching session, but also a few weeks later so 
that color stabilization would demonstrate the final esthetic 
outcome [28–31].

Objective color analysis in dentistry relies primarily 
on ΔE standards based on CIEL*a*b* and CIEDE 2000 
coordinates, gathered through spectrophotometers [32]. 
The CIEL*a*b* system, which considers *L (lightness), 
*a (green–red), and *b (blue-yellow) coordinates, has been 
widely utilized for color characterization in Dentistry. How-
ever, CIEDE 2000 was developed to correct hue and chroma 
interactions, in the *b coordinate and the low influence of 
the *a coordinate on tooth structure, which is important only 
for colors with low chroma [33, 34]. The objective analysis 
using CIEDE 2000 (ΔE00) demonstrated no significant dif-
ference between the groups regarding color change imme-
diately after a two-week bleaching regimen. However, the 
manufacturer's recommended time promoted significantly 
higher ΔE00 in the short-term assessment. Differences 
between these two time points could be a result of only two 
studies being included in the evaluation immediately after a 
2-week home bleaching. Currently, CIEDE 2000 stands as 
the most advanced and recommended formula by CIE for 
clinical instrumental analyses as it aligns better with visual 
perception [35, 36]. However, most studies included in this 
systematic review employed the CIEL*a*b* system, result-
ing in few studies reporting the CIEDE 2000 [33, 34].

Meanwhile, subjective evaluation using ΔSGU-Bleached 
did not show significant differences in color change for both 
the two weeks of treatment and short-term follow-up [1, 
15, 17]. The certainty of the evidence from these analyses 
ranged from low to moderate. Although objective analyses 
offer a potential advantage compared to subjective analysis, 
it is important to emphasize that subjective color analysis 
(ΔSGU) is a widely employed method, based on the use of a 
commercial shade guide to clinically assess tooth coloration. 
However, it is considered a subjective method, as ocular 
fatigue, age, and lighting conditions can directly influence 
tooth color determination [37]. For this purpose, there are 
several color scales available. However, studies indicate 
that the VITA Bleachguide (ΔSGU-Bleached) may provide 
a more consistent visual assessment of whitening efficacy 
compared to the VITA Classical scale (ΔSGU-Classical), 
due to its wider range of colors and more uniform distri-
bution. Additionally, the Bleachguide scale shows a higher 
correlation between visual grading and instrumental results 
(Easyshade), enabling a more precise, consistent, and reli-
able evaluation of bleaching treatment [38].

The studies by Pavani et al., (2022) [24], Cardoso et al., 
(2010) [18], and Carneiro et al., (2016) [27], presented 
heterogeneity regarding the randomization for the objec-
tive analyses CIEDE 2000 (ΔE00) and subjective ΔSGU-
Classical and ΔSGU-Bleached, while Pavani et al., (2023) 
[23], presented heterogeneity regarding the measurement of 
the results classifying them as some concern risk of bias. 
Nonetheless, despite the high heterogeneity observed in the 
number of participants across the studies, considerable con-
sistency is observed concerning the presented results, as sug-
gested by the GRADE analysis. Consequently, despite the 
inclusion of these studies, their discrepancies did not sub-
stantially impact the meta-analysis outcome, as they did not 
introduce significant alterations to the overall result. Thus, 
despite the inclusion of these studies, the meta-analysis was 
not affected, as the results were not changed.

The Whitening Index for Dentistry (WID) has recently 
begun to evaluate bleaching perceptibility and relate visual 
assessments to CIEL*a*b* coordinates [33]. Thus, applying 
this index reduces the subjectivity of visual analysis and 
quantifies the bleaching effect. High positive values of WID 
indicate greater perceptibility of bleaching, while low values 
are related to lower perceptibility of bleaching [33, 39]. Only 
two studies [1, 24] conducted the ΔWID analysis. The results 
of ΔWID, at the 2-week evaluation and short-term follow-up, 
showed significant differences for the group that used the 
manufacturer's recommended bleaching gel application time.

The study of Pavani et al., (2022) [24] did not alter the 
direction or significance of the estimates. However, the 
certainty of the evidence is low. The recent introduction of 
ΔE00 and ΔWID scales in RCTs has limited the inclusion 
of studies, underscoring the imperative for future research 
endeavors that contribute to advancing knowledge in this 
area. Expectations that reduced gel usage time during at-
home bleaching would advance bleaching efficacy were not 
universally observed, likely due to protocol variations and 
bleaching product concentrations. Future studies evaluating 
ΔE00 and ΔWID further contribute to the challenge of estab-
lishing this association.

There are discrepancies among the studies when ana-
lyzing the results regarding color change. This disparity 
can be attributed to the various protocols employed, which 
involve different types of peroxides (HP and CP), varia-
tions in the concentrations of these peroxides, and differ-
ent application times. However, it is important to highlight 
some specific results that deserve attention. Studies that 
used HP-based gels observed faster bleaching effects than 
those using CP [15, 27]. This occurs because CP-based gels 
need to first decompose into HP and urea after exposure to 
moisture conditions before achieving the bleaching effect 
[15]. However, the same did not happen in the study by 
Terra et al., (2021)[17].
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Overall, the certainty of evidence was assessed as low 
to moderate for the color outcome in both analyzed periods 
(after two weeks of treatment and short-term follow-up). 
The factors contributing to this assessment were impreci-
sion due to the limited number of participants included in 
the analyses (< 400) and the inclusion of studies with some 
concerns about the risk of bias. However, it is important to 
emphasize that despite the inclusion of these studies in the 
meta-analysis, neither the direction nor the significance of 
the estimates was influenced, thus justifying their retention 
to ensure greater precision of the results [40].

Regarding tooth sensitivity, relative risk data were used, 
which showed low heterogeneity (I2 = 17%), and all studies 
were included in the meta-analysis. The results revealed that 
reducing the gel application time during at-home bleaching 
demonstrated a statistically significant difference, suggesting 
a decrease in sensitivity. However, despite this, the certainty 
of the evidence was considered very low, and the confidence 
interval includes the possibility of no effect. Due to limita-
tions and heterogeneity in the authors' reports concerning 
the sensitivity analysis, it is important to note that a meta-
analysis on the intensity of tooth sensitivity could not be 
conducted. The authors were contacted by email and were 
unable to provide adequate data to be included in the analy-
sis.The tooth bleaching mechanism, known as the "chromo-
phore theory," primarily involves hydrogen peroxide inter-
acting with organic chromophores within the tooth structure. 
However, peroxide diffusion into dental tissues is influenced 
by specific chemical affinities for each tissue. As HP dif-
fuses into the tooth, it interacts with both chromophores and 
healthy structures [41]. That way, post-bleaching sensitivity 
may be at least in part a consequence of the diffusion of 
HP through the enamel and dentin into the pulp chamber 
[42]. This phenomenon results in pulp inflammation, with 
the release of inflammatory mediators and sensory nerve 
stimuli. Thus, controlling concentration and application time 
is crucial to minimize peroxide penetration into the pulp cav-
ity while maintaining bleaching efficacy [41, 42].

Consequently, higher concentrations of bleaching gels 
do not ensure superior outcomes [43]. The increase in gel 
concentration and contact time with the tooth surface can 
result in greater diffusion of HP into the pulp chamber. This 
situation was reported by Cardoso et al., (2010) [18], which 
demonstrated that the longer the contact time of the gel with 
the tooth surface, the higher the risk of sensitivity. Thus, 
it is essential to control these factors to prevent potential 
damage to pulp cells in both at-home and in-office bleaching 
techniques[42–44].

It is important to emphasize that, in addition to the gel 
concentration and contact time with the tooth surface, the 
composition and pH of the products can influence the pen-
etration of HP into the pulp chamber, such as the presence 
of restorations, cracks, tooth thickness/type, and cervical 

lesions. All these factors may account for the variability in 
results for tooth sensitivity [45].

Color and tooth sensitivity analyses are important 
parameters for the professional to measure whether the 
treatment is effective without causing any adverse effects 
to the patient. However, patient satisfaction level is also 
important for them to gauge whether the treatment has 
met their expectations. Although the studies conducted 
satisfaction analysis, the heterogeneity of the analyses 
performed did not allow for a meta-analysis. However, it 
can be observed from the results of each study that reduc-
ing the usage time of the individual tray did not influence 
patient satisfaction with the treatment.

The few studies found in the literature search and included 
in the meta-analysis prevented the evaluation of some vari-
ables, such as different protocols and product concentrations, 
in the results through a meta-analysis. Thus, despite present-
ing homogeneity, the certainty of the evidence was consid-
ered low and moderate, suggesting limited confidence and an 
estimated effect. Therefore, more randomized clinical trials 
(RCTs) using the same protocol and equivalent gel concen-
trations should be conducted. Additionally, RCTs must adopt 
an adequate randomization process, allocation concealment, 
and sample size determination.

Conclusion

The evidence suggests that reducing exposure time to at-
home bleaching gel reduces tooth sensitivity events; how-
ever, most of the parameters that assess color change favor 
using at-home bleaching gel for the time recommended by 
the manufacturer. However, the current evidence has meth-
odological limitations and needs to be more precise (low to 
moderate) to reach definitive conclusions. Therefore, further 
studies are required.
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