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In-office bleaching has been a 
conservative and popular es
thetic treatment,1–3 typically 
with hydrogen peroxide (HP)4–6

or carbamide peroxide (CP)6–12

in different concentrations and 
commercial presentations.6–8,11

New protocols6 and different 
bleaching agents have been 
proposed,2,13 and bleaching may 
be performed with HP at con
centrations from 15% to 
40%14–18 and CP at concentra
tions from 10% to 40%.10,14–16,18

In-office bleaching is in
dicated for the rapid im
provement of discolored teeth 
with safe results.6–8,13,19–21

The 35% HP has been the 
most widely used formulation 
for the in-office tech
nique.2,13,22,23 Although stu
dies have demonstrated 
adequate whiteness effectiveness13,23 and patient sa
tisfaction13 with HP in-office bleaching, this technique 
may cause dentin sensitivity5,7,11,13,14,20,22,24 immediately 
after its application.7,13,22 Alternatively, to avoid dentin                        

sensitivity, CP in high concentrations may be used for 
in-office bleaching.7 However, although the sensitivity is 
reduced, less whitening effect has been reported com
pared with HP.23
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ABSTRACT 
Statement of problem. In-office bleaching has been widely researched. However, few studies 
have evaluated alternative protocols for this procedure. Moreover, information on the long-term 
stability of in-office whitening is limited.

Purpose. The purpose of this in vitro study was to evaluate the effectiveness and 1-year stability 
of in-office bleaching with 35% hydrogen peroxide (35%HP) and 37% carbamide peroxide 
(37%CP) using traditional and alternative protocols.

Material and methods. Forty human third molars were stained with tea and allocated to groups 
(n=10). Traditional protocols consisted of 3 applications of 35%HP for 15 minutes and 1 
application of 37%CP for 45 minutes. Alternative protocols consisted of 1 application of 35%HP 
for 45 minutes and 3 applications of 37%CP for 45 minutes. Protocols were applied for 3 weeks. 
CIELab color coordinates were measured at baseline and weekly during treatment and at 1-week, 
6-month, and 1-year follow-ups. Effectiveness and stability of the bleaching treatments were 
interpreted using 50:50% perceptibility and acceptability thresholds. CIELab, chroma, hue angle, 
and whiteness index were analyzed using the Wilcoxon signed-rank test (α=.05).

Results. All protocols showed improvement in bleaching after the first week (P≤.005). All 
bleaching procedures presented excellent whitening outcomes. Alternative protocols showed a 
larger rebound effect after 1 year, indicating less stability. For the whiteness index, no differences 
between the completion of the treatments and 1-year follow-up was found for the bleaching 
treatments and protocols (P>.05), except for the 37%CP alternative protocol (P=.005).

Conclusions. All tested protocols presented excellent effectiveness in bleaching. Traditional 
protocols exhibited a greater whiteness stability, while the alternative protocols showed a greater 
rebound effect after 1 year. (J Prosthet Dent xxxx;xxx:xxx-xxx) 

THE JOURNAL OF PROSTHETIC DENTISTRY 1

https://doi.org/10.1016/j.prosdent.2024.06.011


The use of high CP concentration has been found to 
be an effective and safe approach to in-office bleaching.7,8

CP dissociates into HP and urea at approximately one 
third of the original concentration.6,15,25,26 Furthermore, 
the slower degradation of CP compared with HP6,17,26

enables its use for a longer time, with reduced risk of 
tooth sensitivity.27 Dental whitening effectiveness is re
lated to the concentration of the bleaching agent, the 
number of applications in each session, the time that it 
remains in contact with the dental surfaces, and its ability 
to reach the chromophore molecules.6,10,28 A recent study 
reported that the application time is more important for 
color change than the HP concentration. For this reason, 
alternative protocols based on HP reactivity have been 
studied on an ongoing basis.14

Although in-office bleaching has been widely re
searched, a well-established determination regarding 
the amount of time and the protocol for applying the 
products to achieve the optimal whitening effect with 
less sensitivity and reduced structural change is 
lacking.8,13,26 The characteristics related to the dis
sociation, degradation, and release of CP26 make it 
possible to apply the product for a longer time10,26,28 and 
still maintain reactivity and prevent dentin sensitivity.29

Considering that over 50% of CP remains active after 2 
hours,26,30 a suitable alternative for patients who request 
rapid results with reduced sensitivity would be to in
crease the application time in an effort to enhance the 
whitening effect. In this respect, evaluating the effec
tiveness of in-office bleaching by using different proto
cols may contribute to optimizing treatment and 
improving esthetic outcomes in both the short and long 
term. To date, few studies have evaluated alternative 

protocols for in-office dental bleaching.29 Moreover, 
information on how long the whitening effect lasts over 
time and on the probability of a rebound effect in color 
after in-office bleaching is limited.8–10,13,22 Therefore, the 
purpose of the present in vitro study was to evaluate the 
effectiveness and 1-year color stability of in-office 
bleaching with 35% hydrogen peroxide (35%HP) and 
37% carbamide peroxide (37%CP) using traditional and 
alternative protocols. The research hypotheses were that 
the bleaching protocols tested would promote different 
whitening effectiveness upon the completion of the 
bleaching treatment (T3-T0) and different whiteness 
stability at subsequent follow-up evaluations (T6-T3).

MATERIAL AND METHODS

This in vitro study evaluated the effectiveness and 
whiteness stability of 2 in-office bleaching agents (35% 
HP and 37%CP) (Table 1) using different protocols 
(traditional and alternative) on extracted human teeth 
stained with black tea. The color measurements were 
conducted at baseline (T0) and weekly (T1, T2, and T3) 
until treatment was completed and again at 1-week (T4), 
6-month (T5), and 1-year follow-ups (T6). This study 
was reviewed and approved by the research ethics 
committee of the participating institution (CAAE 
84178418.8.0000.5346, 2.576.646). The study design is 
presented in Figure 1. Forty human permanent intact 
third molars with no restorations, carious lesions, frac
tures, or discolorations such as from tetracycline staining 
or dentinogenesis imperfecta were selected from a tooth 
bank. Their surfaces were polished with a rubber cup 
and pumice and stored in distilled water. The roots were 
sectioned 2.0 mm apical to the cement-enamel junction 
with a diamond disk (Extec 7″×. 0.025 × 0.5; Extec Corp) 
on a cutting machine (Labcut 1010; Extec Corp), and the 
pulpal tissue was removed.18

All the teeth were artificially stained by immersion 
for 7 days in black tea in accordance with a previously 
reported protocol.18 After staining, the specimens were 
distributed into 4 groups (n=10) (Fig. 1) using an online 
randomizer (http://www.randomizer.org). The number 
of specimens was estimated by using the Open-Source 
Epidemiologic Statistics for Public Health, version 3.01 
(free open source software - https://www.openepi.com), 
with a confidence interval of 95% and power of 90%. 
The mean values of the CIELab color difference and 

Clinical Implications 
Excellent bleaching effectiveness was observed for 
all tested protocols using 35% hydrogen peroxide 
and 37% carbamide peroxide. In addition to the 
effectiveness of the bleaching, the stability and 
possibility of a rebound effect should be 
considered while making treatment decisions. The 
protocols recommended by the manufacturers for 
both bleaching agents were more stable, while 
alternative protocols presented a greater rebound 
effect after 1 year. 

Table 1. Composition and information on bleaching agents 

Bleaching Agent Manufacturer Composition Batch #

Whiteness 35% (HP) FGM 35% hydrogen peroxide, thickener, red dye, glycol, water 141217
Power Bleaching 37% (CP) BM4 37% carbamide peroxide, potassium oxalate, sodium fluorite, thickener, neutralizer, 

preservative, humectant, purified water
130921

CP, carbamide peroxide; HP, hydrogen peroxide.
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standard deviations (35%HP – ΔE*ab 19.13 [3.28] and 
37%CP – ΔE*ab 13.60 [3.50]) reported by 2 in vitro 
studies3,25 conducted on extracted teeth stained with tea 
were used for sample calculation, resulting in a 
minimum sample size of n=8 for each group.

Two in-office bleaching agents, 35%HP and 37%CP 
(Table 1), and 2 protocols, traditional and alternative, 
were used in this study (Fig. 1). The traditional protocols 
consisted of 3 applications of HP for 15 minutes 
(HP3×15) and 1 application of CP for 45 minutes 
(CP45). The alternative protocols were 1 application of 
HP for 45 minutes (HP45) and 3 applications of CP for 
45 minutes each (CP3×45). All the groups were bleached 
weekly for 3 consecutive weeks. The specimens were 
stored for 1 year in deionized water at 37 °C, changed 
weekly.31

The CIELab coordinates were measured using a 
clinical spectrophotometer (Easyshade Advance 4.0; Vita 

Zahnfabrik) with an aperture size of 6 mm.32 The 
chroma (C*), and the hue angle (h°) were calculated 
according to a* and b* coordinates.33 The clinical 
spectrophotometers’ repeatability intraclass correlation 
coefficient (ICC) ranges from 0.992 to 0.994, showing 
accuracy of 93.75%.34

After staining the specimens, color measurements 
were made in triplicate with the clinical spectro
photometer at different evaluation times: at baseline 
(T0) and weekly (T1, T2, and T3), until completion of the 
treatments and also at 3 follow-up times: at 1 week (T4), 
6-months (T5), and 1-year (T6). Each specimen had an 
individual silicone guide (Zetalabor; Zhrmack 
Labordental) with a central orifice to standardize the 
location of the color measurements.

The new whiteness index for dentistry35 (WID) was 
calculated from the CIELab color coordinates from 

=WI L a b0.511 * 2.234 * 1.100 *D . The whitening ef
fectiveness and the stability of the treatments were 
evaluated by the CIEDE2000 color difference formula 
(ΔE00) and by ΔWID between consecutive times.

The CIEDE2000 color difference (ΔE00) was calcu
lated from33.
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The ΔE00 color shift of each protocol was analyzed 
according to differences in the CIEDE2000 lightness, 
chroma, and hue values36–38:
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Lastly, whiteness differences between consecutive times 
(ΔWID) were calculated from39 =WI WI B WI A( ) ( )D D D .

The effectiveness and stability of the bleaching 
treatments and the interpretation of the bleaching-de
pendent color and whiteness differences were based on 
50:50% color and whiteness perceptibility (PT=0.8 and 
WPT=0.7) and acceptability thresholds (AT=1.8 and 
WAT=2.6)39,40 and the interpretation ratings reported by 
Paravina et al.41 A whitening outcome with a difference 
exceeding ΔE00>5.4 or ΔWID>7.8 was assumed to have 
excellent bleaching effectiveness. Very good bleaching 
effectiveness (VGE) was considered when 3.6<ΔE00≤5.4 
or 5.2<ΔWID ≤7.8. Good bleaching effectiveness (GE) 
was considered when 1.8<ΔE00≤ 3.6 or 2.6<ΔWID≤5.2. 
Bleaching was considered moderately effective (ME) 
when 0.8<ΔE00≤1.8 or 0.7<ΔWID≤2.6. Bleaching was 
considered not effective (NE) when ΔE00≤0.8, or 
ΔWID≤0.7.39–41

Staining with black tea - 7 days (N=40)

Randomization and Group division - T0

Traditional
HP3X15 (n=10)

Traditional
CP45 (n=10)

3 Bleaching
Sessions

Alternative
HP45 (n=10)

Alternative
CP3X45 (n=10)

T1 - 7 days after the �rst bleaching session

T2 - 7 days after the second bleaching session

T3 - 7 days after the third bleaching session

T4 - Follow-up (1 week)

T5 - Follow-up (6 months)

T6 - Follow-up (1 year)

Figure 1. Study flowchart. CP45, carbamide peroxide, 1 application of 
45 min; CP3×45, carbamide peroxide, 3 applications of 45 min each; 
HP3×15, hydrogen peroxide, 3 applications of 15 min; HP45, hydrogen 
peroxide, 1 application of 45 min; T0, baseline.
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To analyze statistically the changes of the color co
ordinates L*, a*, b*, C*, h°, and WID for the different 
agents and protocols during time, the related samples 
Wilcoxon signed-rank test was used (α=.05), since equal 
variances and normal distribution of the data could not 
be assumed for all color coordinates and WID groups 
after performing the Levene test of homogeneity of 
variance and Shapiro-Wilk test, respectively. The 
Bonferroni correction was applied considering the mul
tiple comparisons performed. Statistical analysis was 
performed using a standard statistical software package 
(IBM SPSS Statistics, v20.0; IBM Corp).

RESULTS

Table 2 presents the CIELab color coordinates and the 
WID values for HP3×15, HP45, CP45, and CP3×45 at 
baseline (T0), at each different treatment time point (T1, 
T2, and T3) and at the follow-up evaluations (T4, T5, and 
T6). All bleaching treatments and protocols showed an 
improvement in the bleaching effectiveness after the first 
bleaching session (T1), considering the mean values 
observed in Table 2. The traditional protocols (HP3×15 
and CP45) remained stable at the T6 follow-up evalua
tion in comparison with the mean values reported at the 

1-week follow-up (T4), (P≥.066). The alternative pro
tocol HP45 did not demonstrate the same behavior, 
since the mean of all color parameters values was, in 
general, statistically different only at the first treatment 
time (T1) (P≤.005). As for the alternative protocol 
CP3×45, the b*, h°, and WID values were statistically 
different from T5 at the T6 follow-up evaluation 
(P≤.005). Regarding the WID, no statistically significant 
differences were found between T3 and T6 for the 
bleaching treatments or protocols (P≥.093), except for 
CP3×45 (P=.005).

Figure 2 shows the color difference values for bleaching 
treatments and protocols between each consecutive appli
cation and follow-up evaluation time point in comparison 
with the PT and AT. In addition, the magnitude of the 
lightness, chroma, and hue components in the total 
CIEDE2000 color difference are depicted by the height of 
the fragments in the bars. In general, the color differences 
achieved by the bleaching protocols continued to progress 
at the evaluation time points from T0 to T4, except for T3 to 
T2, which remained in the range of ME when 0.8<ΔE00≤1.8. 
The ΔE00 values were predominantly higher at T1-T0, de
monstrating excellent effectiveness (ΔE00>5.4) for all the 
bleaching treatments and protocols. In addition, all the 
treatments and protocols presented ΔE00 values above the 
visual PT between consecutive applications after T1.

Table 2. Mean values ±standard deviation of CIELab color coordinates (L*, a*, b*, C*, h°) and WID of each bleaching treatment and protocol at 
baseline (T0), at different treatment times (T1, T2, T3), and at follow-up evaluation times (T4, T5, T6) 

Technique L* a* b* C* h° WID

HP3×15-T0 68.1 ±7.7B 6.2 ±3.5A 38.0 ±5.3A 38.6 ±5.6A 81.2 ±4.2C -21.4 ±16.6C

HP3×15-T1 76.2 ±5.6AB 0.5 ±1.9A 27.4 ±5.4AB 27.4 ±5.5A 89.6 ±3.7CB 7.6 ±12.3BC

HP3×15-T2 77.7 ±5.6A -0.1 ±1.8B 25.8 ±5.7B 25.9 ±5.7B 90.9 ±3.6AB 11.6 ±12.6B

HP3×15-T3 77.0 ±5.8 0.4 ±1.9B 26.6 ±5.3C 26.7 ±5.3B 89.9 ±3.5A 9.2 ±12.6A

HP3×15-T4 77.7 ±4.9 -0.7 ±1.2 23.5 ±3.6C 23.5 ±3.6 91.9 ±2.7 15.5 ±8.0A

HP3×15-T5 76.6 ±5.1 -0.4 ±1.6 23.7 ±5.0 23.8 ±4.9 91.8 ±4.5 14.0 ±10.7
HP3×15-T6 76.7 ±3.9 -0.5 ±2.1 25.1 ±5.1 25.3 ±5.0 92.1 ±5.2 12.7 ±11.2
HP45-T0 70.7 ±3.9B 4.4 ±1.9A 36.8 ±4.8A 37.0 ±5.0A 83.4 ±2.0A -14.5 ±11.7A

HP45-T1 76.2 ±3.9B 0.7 ±1.4A 27.8 ±4.9A 27.9 ±5.0A 88.9 ±2.6A 6.7 ±9.8A

HP45-T2 77.7 ±4.6A 0.0 ±1.7 26.0 ±5.9 26.1 ±5.9 90.7 ±3.8 11.1 ±12.1
HP45-T3 76.7 ±4.8A 0.3 ±1.4 26.3 ±4.8 26.3 ±4.8 89.8 ±3.0 9.6 ±10.3
HP45-T4 76.8 ±4.7 -0.1 ±1.7 24.6 ±5.4 24.7 ±5.4 90.9 ±4.0 12.3 ±11.5
HP45-T5 77.3 ±5.4 0.0 ±1.1 24.1 ±3.9 24.1 ±3.9 90.3 ±2.4 13.1 ±7.6
HP45-T6 73.6 ±5.3 2.0 ±2.2 30.9 ±6.1 31.0 ±6.2 86.8 ±3.5 -1.1 ±13.0
CP45-T0 71.3 ±3.3B 3.7 ±1.4A 33.8 ±3.8A 34.0 ±3.8A 83.9 ±2.2B -9.4 ±8.0B

CP45-T1 76.5 ±4.3AB 0.7 ±1.0AB 25.1 ±3.0A 25.2 ±3.0AB 88.7 ±2.3AB 9.9 ±7.0AB

CP45-T2 79.3 ±4.3A -0.3 ±1.0B 22.8 ±3.5 22.8 ±3.4B 91.2 ±2.9A 16.3 ±7.1A

CP45-T3 79.3 ±5.0 0.1 ±0.7C 23.8 ±3.2 23.8 ±3.2C 89.9 ±1.6 14.1 ±5.7
CP45-T4 75.8 ±8.4 -0.4 ±0.8C 21.9 ±3.3 21.9 ±3.3C 91.4 ±2.4 15.6 ±8.0
CP45-T5 77.8 ±5.2 -0.1 ±1.1 23.1 ±4.3 23.2 ±4.3 90.6 ±3.1 14.5 ±8.1
CP45-T6 79.0 ±4.3 -0.2 ±1.8 24.8 ±6.2 24.8 ±6.2 91.7 ±5.0 13.6 ±12.3
CP3×45-T0 67.6 ±4.2A 6.0 ±3.0A 38.2 ±6.5A 38.7 ±7.0A 81.4 ±2.5B -21.5 ±14.4B

CP3×45-T1 75.2 ±4.1A 1.1 ±1.1AB 28.8 ±5.6A 28.8 ±5.6AB 87.9 ±2.0AB 4.1 ±7.8B

CP3×45-T2 76.8 ±3.8 0.1 ±1.1BC 27.0 ±7.1 27.0 ±7.1BC 90.3 ±2.4A 9.3 ±8.8
CP3×45-T3 76.5 ±4.6 1.1 ±1.0C 28.6 ±5.7 28.6 ±5.7C 88.0 ±1.8 5.2 ±7.2
CP3×45-T4 75.3 ±2.8 0.6 ±1.5 27.8 ±7.0 27.8 ±7.0 89.3 ±3.4 6.4 ±10.2
CP3×45-T5 75.5 ±3.8 1.3 ±1.4 27.1 ±7.2B 27.2 ±7.3 87.6 ±2.4C 5.7 ±10.5A

CP3×45-T6 73.9 ±4.3 1.8 ±1.7 31.2 ±5.5B 31.3 ±5.5 87.0 ±2.7C -0.7 ±9.5A

CP45, carbamide peroxide, 1 application of 45 min; CP3×45, carbamide peroxide, 3 applications of 45 min each; HP3×15, hydrogen peroxide, 3 
applications of 15 min; HP45, hydrogen peroxide, 1 application of 45 min; T0, baseline; T1, 1 week after the first bleaching session; T2, 1 week after 
the second bleaching session; T3, 1 week after the third bleaching session; T4, 1-week follow-up; T5, 6-month follow-up; T6, 1-year follow-up; WID, 
whiteness index for dentistry.

Same uppercase letters in same column and treatment and protocol indicate statistically significant difference (P<.05).
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Mostly, the color changes continued to progress 
between the evaluation time points but with different 
values for each consecutive application and with a color 
rebound effect at the follow-up time points of T3, T5, 
and T6. Changes in color were mainly due to changes in 
lightness and chroma for all the bleaching treatments 
and protocols, albeit with different values for each 
consecutive application and follow-up evaluation time 
point (Fig. 2).

Figure 3 shows the difference in whiteness values for 
bleaching treatments and protocols between each con
secutive application and follow-up evaluation time point 
in comparison with the WPT and WAT. All the 
bleaching treatments and protocols presented 
ΔWID>7.8 between T1-T0, demonstrating excellent ef
fectiveness. Regarding the effectiveness among all the 
treatments, HP3×15 achieved the highest ΔWID value. 
At time point T2, a progress in whiteness was observed 
with differences higher than the WAT. However, at time 
point T3, negative differences in the WID were found, 
indicating a rebound effect in whiteness with perceptible 
whiteness differences for all strategies and protocols. At 
time point T4, ΔWID became positive again, showing a 
progression for WID, and HP3×15 presented the highest 
whiteness difference with ΔWID>5.2, demonstrating 
very good bleaching effectiveness. After the 6-month 

and 1-year follow-ups (T5 and T6), a rebound effect 
again was found. The HP45 and CP3×45 alternative 
protocols showed the largest rebound effect in white
ness with ΔWID>5.2, indicating less whiteness stability 
for these strategies after 1 year.

DISCUSSION

The research hypothesis that the bleaching protocols 
produce different whitening effectiveness was rejected. 
However, the research hypothesis that the different 
whiteness stability at follow-up evaluations was not 
rejected. The present in vitro study was designed to 
evaluate the effectiveness and 1-year whiteness stability 
of 2 different bleaching agents and protocols used for 
the in-office technique on extracted teeth stained with 
black tea.20 All treatments presented excellent effec
tiveness according to the interpretation ratings for 
whitening-dependent color differences.39–41 However, 
although all the protocols presented a rebound effect, 
the intensity of this effect was different between tradi
tional and alternative protocols.

When the color parameters were analyzed separately 
(L*, a*, b* C*, and h°), all the bleaching protocols 
presented an increase in L* mean values and a reduction 
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ΔE00, CIEDE2000 color difference.
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in a*, b*, and C* mean values during treatment, re
sulting in more achromatic and lighter teeth with re
duced redness and yellowness.21 This result was 
expected and also consistent with previous studies that 
evaluated bleaching effectiveness.4,6,7,21 However, at the 
T6 follow-up evaluation, the alternative protocols pre
sented a decrease in L* and WID (CP3×45), an increase 
in b*, h° (CP3×45), a*, and C* (HP45), indicating a re
bound regarding these color parameters after 1 year in 
comparison with T3.

The measurement of whiteness is an important 
evaluation for the outcome of bleaching agents and to 
determine stability after bleaching.35 The present study 
used the new WID to evaluate the whiteness changes 
during bleaching and after bleaching. This index has 
been recommended because it performs better when 
assessing whiteness, and correlates best to visual jud
gements.35 High positive WID values indicate increased 
whitening outcomes, while low (even negative) values 
indicate less whiteness.35 In addition, the use of white
ness index visual thresholds is important when inter
preting instrumental whiteness differences, as the index 
adequately correlates with visual perception.39 Further
more, WID is recommended to assess color discrimina
tion and thus provide clinical relevance to the 
instrumental data.40

All tested protocols showed ΔWID>7.8 at T1, de
monstrating excellent whitening. Negative whiteness 
differences revealed a rebound effect at T3. However, 
the mean whiteness difference values became positive 
again at T4, indicating a residual whitening effect 1 week 
after the completion of the treatments. Negative 
whiteness differences were observed again at the T5 and 
T6 evaluations, with lower negative values for HP45 and 
CP3×45 at T6, indicating less stability and a more pro
nounced rebound effect for both protocols after 1 year.

Alternative protocols were as effective as traditional 
ones when observing the whiteness-dependent color 
differences. However, a greater trend towards the re
bound effect in the alternative protocols was reported in 
the long term. For HP45, increasing the application 
without successive changes in the bleaching agent may 
have decreased the stability and increased the rebound 
effect. Moreover, increasing the application time and the 
number of applications of CP3×45 in the same session 
did not ensure how long whiteness stability would last 
or prevent rebound. Furthermore, touch-up applications 
at follow-up evaluations to reestablish the whitening 
effect after completing the bleaching treatment were not 
tested. Future studies should investigate the effect of re- 
applications on reestablishing the initially achieved 
whitening outcome.
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Figure 3. Whiteness differences (ΔWID) for bleaching treatments and protocols among each consecutive application and follow-up evaluation times, 
with threshold interpretation ratings. CP45, carbamide peroxide, 1 application of 45 min; CP3×45, carbamide peroxide, 3 applications of 45 min each; 
EE, excellent effectiveness (ΔWID>7.8); GE, good effectiveness (ΔWID > 2.6≤5.2); HP3×15, hydrogen peroxide 3 applications of 15 min; HP45, 
hydrogen peroxide 1 application of 45 min; ME, moderately effective (ΔWID > 0.7≤2.6); NE, not effective (ΔWID≤0.7); T0, baseline; T1, 1 week after 
first bleaching session; T2, 1 week after second bleaching session; T3, 1 week after third bleaching session; T4, 1-week follow-up; T5, 6-month follow- 
up; T6, 1-year follow-up. VGE, very good effectiveness (ΔWID > 5.2≤7.8); ΔWID, Whiteness index for dentistry difference.
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The strengths of the study include follow-up eva
luations for 1 week, 6 months, and 12 months after 
bleaching, since few studies4,9,21 evaluate the long-term 
maintenance of bleaching outcomes. Furthermore, the 
color was measured at various stages throughout the 
treatment. In addition, the mean L*, b*, and C* after tea 
staining were compatible with a clinical situation of 
severely discolored teeth,21 thus simulating a challen
ging baseline scenario.

Limitations of the study included that the color differ
ence was assessed exclusively using an instrumental 
method. Although the objective data were interpreted based 
on the perceptibility and acceptability thresholds and their 
respective rating,39–41 visual analysis could complement the 
results and offer a greater relevance to the study. In addi
tion, the teeth were stained exclusively with tea. Other 
staining methods may lead to different results. Furthermore, 
this study evaluated only 2 in-office bleaching agents, and 
the results should not be extrapolated for all commercially 
available bleaching agents.

Both bleaching agents and protocols were considered 
effective. However, the treatment choice should con
sider the chair time21 and the stability of the whitening 
effect, since long-lasting results are expected.4,9 In ad
dition, adverse effects and the mechanism of action of 
the bleaching agents should be taken into consideration 
when recommending bleaching treatments.5,6,15,16,25,26

The present study found no advantages in using al
ternative protocols. Even if they were to demonstrate 
better performance compared with traditional protocols, 
it is unlikely that they would be feasible clinically, par
ticularly when considering patient acceptability and 
clinical outcomes. Additionally, alongside increased 
chair time and a lack of whitening stability, the alter
native options may lead to increased tooth sensitivity 
and microstructural changes associated with prolonged 
contact time and the acidity of the bleaching agents.16,20

Future clinical studies comparing both in-office 
bleaching agents, following the manufacturer's protocol, 
are recommended to investigate long-term whitening, 
dentin and gingival sensitivity, as well as potential ad
verse effects.

CONCLUSIONS

Based on the findings of this in vitro study, the following 
conclusions were drawn: 

1. All tested protocols presented excellent effective
ness of the bleaching treatments for tea-stained 
teeth.

2. The whitening effect was more stable for traditional 
protocols, while a greater rebound effect was ob
served for alternative protocols.
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