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The Effect of Various
Remineralizing Agents

on Post-bleaching Shade
Stahility: A Randomized
Double-blind Clinical Study

ABSTRACT

Objectives: This study aimed to compare the effects of four remineralizing agents on
post-bleaching shade stability and to evaluate the agreement between objective and
subjective shade assessments. Methodology: Forty-eight eligible patients underwent
in-office bleaching with 32% hydrogen peroxide, followed by one of the following: 1.
potassium nitrate/sodium fluoride (After Whitening Mousse, AWM, n=11), 2. casein
phosphopeptide-amorphous calcium phosphate/fluoride (MI Paste Plus, MI, n=13), 3.
nano-hydroxyapatite/fluoride (Remin Pro, RP. n=11), or 4. PolyAmidoamine Dendrimer
(PAMAM, n=13). Stability was assessed using AE, ASGU, AL*, Ab*, and AWI, at regular
follow-ups over one year. Statistical analyses were performed using a Linear Mixed-Ef-
fects Model, Kendall’s W, and Cohen’s Kappa (a = 0.05). Results: Based on linear mixed-
effects model, remineralizing agents did not significantly affect AE, ASGU, AL*, Ab*, or
AWI, (p>0.05). The follow-up time had a significant effect on these color parameters
(p<0.05). No post-bleaching shade relapse was observed in any of the experimental
groups. There were slight to moderate agreements between the two evaluation methods
(Kappa=0.106, W=0.504). Conclusions: None of the remineralizing agents compromised
post-bleaching shade stability. Accurate post-bleaching shade stability assessment re-
quires both objective and subjective methads. Clinical relevance: Bleaching stability was
maintained with all remineralizing agents evaluated in this study.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Teeth discoloration is a common concern among patients seeking dental
treatment.! This has led to a growing demand for dental bleaching, which
is considered one of the most conservative and safest treatment options?

Chemical in-office bleaching is a quick and controlled procedure using
high concentrations of hydrogen peroxide; however, it is often associated
with color rebound.® Previous studies have reported several adverse ef-
fects of bleaching, including tooth hypersensitivity, changes in enamel
surface texture, increased enamel porosity, and surface roughness.*> Al-
terations in enamel texture can make bleached teeth more susceptible
to staining, highlighting the need to evaluate shade stability in controlled
clinical trials.”
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To mitigate the negative effects of bleaching, the use of rem-
ineralizing agents is recommended. These agents alleviate
bleaching-induced hypersensitivity, help remineralize enamel
defects, and reduce enamel surface roughness,® with maintain-
ing a brighter tooth shade over time by reducing stain uptake.>™

Fluoride is commonly used due to its effectiveness in en-
hancing enamel remineralization.” Casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP) binds to the enamel
pellicle and acts as a mineral reservoir during demineraliza-
tion.’>'3 Nanotechnology has led to the development of na-
no-hydroxyapatite (n-HAP), which has been integrated into
various dental products. These products are used alongside
bleaching to repair enamel surface porosities caused by the
bleaching process.* Polyamidoamine (PAMAM), a biomimet-
ic remineralizing agent, effectively remineralizes damaged
enamel by mimicking the regulatory roles of enamel matrix
proteins in hydroxyapatite formation.' It has shown promis-
ing in vitro results in remineralizing artificially induced initial
carious lesions,'® and has demonstrated clinical effectiveness
in treating white spot lesions."”

Objective and subjective methods are commonly used to
assess bleaching shade change and stability over time. The
objective method employs a digital spectrophotometer, while
the subjective method uses commercially available dental
shade guides.'8™

The objective method extracts color parameter data to de-
tect differences using formulas, including AEab, the most
widely used and clinically supported equation for color dif-
ference evaluation.?® The AE calculation enables quantitative
analysis of color changes in dental research.?"?2 However, this
method may lack clinical relevance, fail to indicate the direc-
tion of color change, and lead to misleading results. Errors
may also impact the accuracy of shade measurements.?®

Visual thresholds, such as perceptibility (PT) and acceptabil-
ity (AT), help link objective data to clinical outcomes.?* The AT
defines the acceptable level of color difference, with values
typically ranging from 1.7 to 5.6 for AE, although many stud-
ies suggest a value of 3.7.2% The AT serves as a reference
for evaluating bleaching efficiency and stability.2>? Evaluat-
ing changes in individual color parameters, such as AL, Aa,
and Ab*, offers additional insight into the direction of color
change. These parameters correspond to variations in bright-
ness, the green-red axis, and the blue-yellow axis, respective-
ly.2* Reference values of 1.25 for AL* and Aa*, and 2.8 for Ab*,
are considered the AT.2

In contrast, the subjective method, which measures the dif-
ference in shade guide units (ASGU) may offer a more accurate
reflection of the clinical situation compared to AE measure-
ment.’® However, this method cannot extract color parameter
values for precise color difference calculation.?” Additionally,
the subjective method can be inconsistent due to observer-re-
lated factors such as gender, clinical experience, eye fatigue,
and visual deficiencies.?®2°

Whiteness indices have been developed to provide objective
and quantitative assessment of whiteness. This is particularly
important for monitoring bleaching effectiveness in clinical
and laboratory settings, where a white material has very high
lightness or value and very low saturation.? A relatively new
index, the Whiteness Index for Dentistry (WI;), proposed in
2016, is based on the CIELAB color space and has been found
to correlate more closely with the human visual perception of
color.® Recently, whiteness PT of 0.7 and AT of 2.6 were sug-
gested based on the WI_.*°

Several in vitro studies have investigated the effects of remin-
eralizing agents on post-bleaching shade stability.>"*2 However,
clinical studies with similar objectives are scarce. Most clinical
trials focus on comparing bleaching techniques, formulations,
or pH levels.373334 Additionally, two clinical studies evaluating
the impact of remineralizing agents on post-bleaching shade
stability or bleaching efficiency had short follow-up periods,
limiting definitive conclusions.’>* Tawfik et al.,'* assessed the
effect of amorphous calcium phosphate on tooth shade over 6
months, while Moharam et al.,>® evaluated various remineraliz-
ing agents on in-office bleaching efficacy over 3 weeks, without
investigating their long-term effects on shade stability.

This randomized clinical study aims to assess and compare
the effects of various remineralizing agents applied post-
bleaching on bleaching shade stability over a 1-year follow-up
period, with the primary outcome being the post-bleaching
shade stability. Additionally, the agreement between the ob-
jective and subjective methods of shade analysis will be evalu-
ated as a secondary outcome. The null hypotheses being test-
ed are: 1. The stability of the bleaching shade over the entire
follow-up period will not differ among the different remineral-
izing agents. 2. The results of the objective shade analysis will
align with those of the subjective analysis.

MATERIALS AND METHODS

This study was approved by the Research Ethics Committee
and Institutional Review Board, Faculty of Dentistry, Ain Shams
University Research Ethical Committee (FDASU-REC), approval
number: FDASU-RecID032004. The study was registered at Clini-
calTrials.gov website, ClinicalTrials.gov Identifier: NCT06358924.

TRIAL DESIGN AND SETTING

A randomized, parallel, prospective, double-blind clinical study
was conducted with a follow-up of 1 year. Neither the partici-
pants nor the outcome assessors were aware of the type of rem-
ineralizing agent allocated to each participant. The recruitment
of patients and all clinical procedures were conducted at the den-
tal clinic of the Operative Dentistry Department at the Faculty of
Dentistry, Ain Shams University in Cairo, Egypt, from November
2021 to August 2023. The study design is shown in Figure 1 and
follows the CONSORT (Consolidated Standards of Reporting Tri-
als) recommendations. All patients who participated in the study
were fully informed about the trial steps and duration before
starting any procedures and signed an informed consent form.
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Assessed for
eligibility (n=59
patients)

Randomized (n=48)

Excluded (n=11 patients)
Do not meet the
inclusion criterea (n=8)
Not willing to participate
(n=3)

Allocation

Received bleaching then

After Whitening Mousse
(n=11)

Received bleaching then then’
MI Paste Plus (n=13) Remin Pro (n=11)

i bleaching then
PAMAM (n=13)

Lost to follow-up (n=4)

Follow-up

Lost to follow-up (n=1) Lost to follow-up (n=4) Lost to follow-up (n=1

Analysis

Analysed (n=11)
Excluded from analysis
=

Analysed (n=13) Analysed (n=11) Analysed (n=12)

Excluded from analysis Excluded from analysis Excluded from analysis
(n=0) (n=0) (n=1)

Figure 1: Flowchart of the clinical trial.

ELIGIBILITY CRITERIA

Male and female patients were selected according to the fol-
lowing inclusion criteria: age between 18 and 40 years old, the
presence of at least 14 sound teeth in each of the upper and
lower arches including the anterior teeth and the first premolars
on both sides, having low caries risk, having a VITA-shade of A2
or darker, and being cooperative and medically free.5?! Patients
were excluded from the study if they were seriously medically
compromised, smokers or alcoholics, had hypersensitivity to any
of the materials used, were pregnant or lactating, displayed any
signs of serious oral diseases, enamel cracks, enamel hypoplasia
or hypomineralization, periodontal disease, severe dental hyper-
sensitivity, or had any previous bleaching treatments.?'

SAMPLE SIZE CALCULATION

The sample size was calculated using PS Power and Sample
for Windows, version 3.1.6 using an independent t-test based
on a previous study by Nassar et al. in 2018,%® with a power of
80% and a 95% confidence level (a = 0.05). To reject the null
hypothesis that the experimental and control groups’ popula-
tion means are equal, 40 patients were needed (n=10).

Patients who dropped out of the study before the 3-month
post-bleaching follow-up time were counted, recorded, and
subsequently substituted. In total, 48 patients completed the
bleaching/remineralization treatment.

RANDOMIZATION AND ALLOCATION CONCEALMENT

Simple randomization was implemented using a Microsoft
Excel-generated computer program, with only one unit of
randomization, which was the remineralizing agent type. An
independent researcher who was unaffiliated with the clini-
cal treatment, nor shared in the evaluation procedure was
responsible for the randomization process, and the allocation
sequence remained confidential.

EJPRD
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PATIENT ALLOCATION

Patients were randomly assigned into four experimental
groups according to the remineralizing agent: After Whit-
ening Mousse (AWM, Manufacturer's remineralizing agent,
Control group), MI Paste Plus (MI), Remin Pro (RP), or
Poly(Amidoamine) dendrimer (PAMAM). Products used in the
study, batch numbers, active compositions, manufacturers,
and modes of application are summarized in Table 1.

STUDY INTERVENTION

Medical and dental histories were taken, and all patients un-
derwent full mouth scaling using a non-fluoridated polishing
paste (i-FASTE Prophy Paste, Douromed, EU), and received full
oral hygiene instructions.

Pre-bleaching shade was objectively recorded using the clin-
ical spectrophotometer, VITA Easyshade V (VITA Zahnfabrik,
Germany). The shades of the upper two central incisors were
recorded under standardized light conditions. Each tooth was
evaluated twice, and the L*, a*, and b* values were recorded
and averaged. The shade was also subjectively recorded by
matching the upper two central incisors to the closest VITA
classical shade guide tab (VITA Zahnfabrik, Germany).2'3¢

Before the application of the in-office chemical bleaching
agent, proper soft tissue isolation was achieved through the
placement of a cheek retractor, and cotton rolls in the labial,
lingual, and buccal vestibules. A light-cured gingival barrier
(WHITEsmile gingiva protector) was applied to cover approxi-
mately 0.5-1 cm of the labial gingival tissue and about 0.2-0.3
cm of cervical enamel. After light curing, the gingival barrier
was carefully inspected for any areas of leakage.

The clinical application of the bleaching gel is summarized in
Table 1. The number of applications depended on the desired
outcome by the patient unless sensitivity occurred, and the den-
tal shade was assessed after each application. If teeth sensitivity
persisted, the treatment was discontinued. After the last appli-
cation, the gel was removed by high-volume suction and thor-
oughly rinsed with a water spray. The remineralizing agent was
applied immediately after the bleaching procedures according
to the randomization sequence. Detailed application procedures
for each remineralizing agent were summarized in Table 1. If an
additional bleaching session was desired, the entire bleaching
and remineralization procedures were repeated after 1 week.

Patients were given post-bleaching instructions, and their
normal oral hygiene routines of regular tooth brushing us-
ing a fluoridated non-whitening toothpaste twice daily were
continued. Patients were scheduled for follow-ups at regular
intervals of 24 hours, 3 days, 1 week, 1 month, 3 months, 6
months, 9 months, and 1 year after bleaching. The shade of
the upper two central incisors was assessed objectively and
subjectively by two external assessors, who had clinical expe-
rience exceeding 8 years and were not involved in the prior
study procedures. Before their involvement in the evaluation,
the methodology of shade assessment was discussed in detail
to ensure standardized shade assessment each time.

Copyright ©2025 by Dennis Barber Ltd. All rights reserved.
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Table 1. Products used in the study, their lot numbers, compositions, manufacturers, and application modes.

Product name

(ot #) Active composition Manufacturer Mode of application
The auto-mixing tip was connected to the upper part
of the dual-chamber syringe. The blended gel was then
40% hydrogen peroxide (upon injected through the tip onto the teeth that needed
Power Whitening o hydrogen p b WHITEsmile bleaching, creating a uniform 1-2 mm thick layer

mixing hydrogen peroxide

YF (20044, 22062) concentration reaches 32%).

WHITEsmile gingiva
protector (20040)

A mixture of acrylic resins,
fillers, and initiators.

After Whitening
Mousse (20056)

30 % Xylitol, 4.2 % potassium
nitrate, and 1450 ppm fluoride.

Casein-phosphopeptide-

GmbH, Germany.

WHITEsmile
GmbH, Germany.

WHITEsmile
GmbH, Germany.

on their facial surfaces. After 15-20 minutes, the gel

was removed from the teeth using a surgical suction

tip. This process was repeated with a fresh mixture
for a total of 2 to 3 applications during each visit.

Applied through the special tip onto the gingival
tissue, then light cured for 20 seconds.

Applied after bleaching and left undisturbed for
10 minutes followed by rinsing with water.

Applied after bleaching and left undisturbed for 3
minutes followed by removal of the excess and further

MI Paste Plus amorphous calcium phosphate GC America N S
(328619) (CPP-ACP) (10% wt./vol) with 0.2% Inc., USA. dlstrlbutll?n of the creamhby thg patient’s cheﬁks agd
wt./vol sodium fluoride (900ppm) tongue for 2 minutes. The patient was not allowe
’ ’ to eat or drink for 30 minutes after application.
Hydroxyapatite (calcium Applied after bleaching and left undisturbed
. and phosphate), ethanolic VOCO-GmbH, for 3 minutes followed by removal of the
Remin Pro (327472) colophony, fluoride (1450 Germany. excess the patient was not allowed to eat or
ppm NaF), and xylitol. drink for 30 minutes after application.
Poly (Amidoamine)-
succinamic acid dendrimer, Sigma-Aldrich Applied by a micro-brush and left for 30
PAMAM (MKCL9988) 1,4-diaminobutane core, Chemie GmbH, minutes (according to previous studies),33°
generation 4 solution. Germany. followed by thorough rinsing with water.

10 wt.% in water.*’

SHADE EVALUATION

An evaluation was objectively carried out through color dif-
ference (AE) calculations using the mean L*, a*, and b* values
of the upper two central incisors for each patient obtained
from the VITA EasyShade V device at each follow-up time, ac-
cording to the following equation: [AE , = (AL)? + (Aa)* + (Ab)*]"2
(Commission Internationale de I'Eclairage).20,21 The differ-
ence in the L* and b* color parameters (AL* and Ab*) was
also calculated, by subtracting the pre-bleaching values from
the post-bleaching ones.

Subjectively, the shade was evaluated through the difference
in shade guide units (ASGU) using the VITA classical shade
guide. The 16 tabs of the classical shade guide were arranged
in descending order according to value as follows: B1, A1, B2,
D2, A2, C1, C2, D3, A3, D4, B3, A3.5, B4, C3, A4, and C4, and
were assigned numbers from 16 for B1 until 1 for C4.4%4! Teeth
with shades that appeared lighter than the B1 shade of the
VITA Classical shade guide were given the Bl (Bleached) sym-
bol, and the number 17 was assigned to them.

Additionally, the difference in the Whiteness Index for Den-
tistry (AWI,), was calculated at each follow-up time according
to the formula: “AWI =WI WI ", where

D (post-bleaching)_ D (pre-bleaching) '

“WI, =0.511L*-2.324a*-1.100b*",42 with 0.511 is the con-
stant for lightness, 2.32 is the constant for hue and chroma
on the green-red axis, and 1.100 is the constant for hue and
chroma on the blue-yellow axis.*®

The VITA shades recorded at each visit using the VITA Easy-
Shade device, alongside those obtained by matching teeth
shades to the nearest VITA Classical shade guide tab, were
documented. These records were utilized to assess both the
absolute agreement between the objective and subjective
methods, as well as the quantification of the degree of con-
cordance between them based on the order of the shades ac-
cording to the value as described above.

STATISTICAL ANALYSIS

Shapiro-Wilk test was used to check the normality of numeri-
cal data. To evaluate inter-rater reliability between the two ob-
servers, the intraclass correlation coefficient was calculated, and
statistical analysis was performed using the average of the two
measures. The means and standard deviations (SD) of the para-
metric variables (AE, ASGU, AL*, Ab*, and AWI,) were reported.
Both the overall effects of remineralizing agents and time, as well
as the differences between agents at each follow-up time and be-
tween follow-up times within each group, were evaluated using

secereceeseeseeeeeeeee oo PostBleaching Shade Stability: Randomized Clinical Trial...
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a linear mixed-effects model. The Kruskal-Wallis test with Dunn'’s
post-hoc tests was used to evaluate the non-parametric variables
(patients’ ages and number of applications), which were report-
ed as medians and interquartile ranges (IQR). Fisher’s exact test
was used to assess categorical variables, such as the patient’s
gender, which were reported as frequencies and percentages.
Kendall's W coefficient was used to quantify concordance, while
Cohen’s Kappa was used to estimate the absolute agreement be-
tween the objective and subjective shade evaluations. The p-val-
ue threshold for statistical significance was set at 0.05 for every
test. SPSS (25th edition, IBM Corporation, New York, USA) and
R Statistics software 4.3.0 were used for the statistical analysis.

RESULTS

Forty-eight patients were enrolled, with 38 completing the study.
Ten patients withdrew due to inability to attend follow-ups or un-
willingness to continue (Figure 1). In the AWM and RP groups, one
patient per group was lost after the 1-week follow-up. In the MI
group, two patients were lost after the 1-week follow-up, one after
the 1-month follow-up, and one after the 3-month follow-up. In
the PAMAM group, one patient was lost after the 24-hour follow-
up, one after the 1-week, one after the 1-month, and one after the
9-month follow-ups. Table 2 shows no significant age difference
(p > 0.05). A significant gender difference (p < 0.05) was found
with more females overall (77.1%). Only the AWM group had sig-
nificantly more male patients compared to the other groups (p
< 0.05). No significant difference was observed in the number of
bleaching agent applications (p > 0.05).

Excellent reliability was revealed by the two observers’ intra-
class correlation coefficient (0.924).

Using the Shapiro-Wilk test, it was shown that AE and ASGU
for pre-bleaching/24-hour and pre-bleaching/3-day were nor-
mally distributed across all groups (p > 0.05). While the pre-
bleaching/3-day AE was 8.6+4.1, showing significant shade
changes, the pre-bleaching/24-hour mean AE was 3.4+2.2,
within the AT. Pre-bleaching/24-hour and pre-bleaching/3-day

had ASGU values of 4.6+2.5 and 4.3+2.5, respectively. Pre-
bleaching/3-day post-bleaching AE and ASGU were used as the
reference values for comparing AE and ASGU at subsequent fol-
low-up times since considerable shade change was observed.

According to the linear mixed-effects model, the four remin-
eralizing agents did not significantly affect AE, ASGU, AL*, Ab*,
and AWI, color parameters (p > 0.05), however, they were sig-
nificantly affected by follow-up time (p < 0.05).

Regarding the effect of remineralizing agents, for both AE
and ASGU, Tables 3 and 4 do not demonstrate any significant
differences at individual follow-up times (p > 0.05). Additional-
ly, no significant differences were seen in AL*, Ab*, and AWI.

Table 3 shows that there were no significant differences
between the AWM, MI, and PAMAM groups’ post-bleaching
follow-up times (3 days to 1 year) with respect to the effect
of time on AE (p > 0.05). In contrast, the RP group'’s AE after 3
months was significantly lower than that at 3 days (p < 0.05).
In comparison to the 3-day follow-up, Table 4 demonstrates
that ASGU decreased significantly beginning at 6 months for
AWM, ML, and PAMAM, and at 3 months for RP (p < 0.05).
There was no shade relapse, as evidenced by the mean AE
and ASGU values between pre- and post-bleaching shades for
all groups remaining above the AT of 3.7 and one SGU.

The linear mixed-effects model revealed that follow-up time
significantly reduced AL* from 1 month in the AWM group and
9 months in the RP group, compared to the 3-day follow-up
(p < 0.05, Figure 2). There were no significant differences in
follow-up times in the MI group (p > 0.05; Figure 2). The AL* in
PAMAM significantly decreased at 6 months and 1 year com-
pared to the 3-day follow-up time (p < 0.05).

Figure 2 demonstrates a significant rise in Ab* at 1 month
and 3 months compared to 3 days in the AWM group (p <
0.05). There were no significant differences in MI and PAMAM
groups across the follow-up times (p > 0.05). The RP group
showed significantly higher Ab* in the 1 and 3 months com-
pared to 3 months (p < 0.05).

Table 2. Summary of the number of patients per group and intergroup statistical comparisons of demographic data and the

number of bleaching agent applications.

Parameter Overall Control (AWM) MI RP PAMAM P-value
Number of patients 48 11 13 11 13
Gender Male 11 (22.9%) 6 (54.5) 1(7.7%) 1(9.1%) 3(23.1%) oo
[n (%)] Female | 37 (77.1%) 5 (45.5%) 12 (92.3%) 10 (90.9%) 10 (76.9%)
. 24.00 24.00 23.00 24.00 22.00

Age (median [IQR]) [21.00, 26.00] [21.00, 24.00] [22.00, 26.00] [23.50, 38.50] 121.00,26.00) 237
Number of applications

412 .051
b O 3[3,3] 3[3,3] 3[3,3] 12, 5] 3[3,3] 0.05

p-values < 0.05 indicate significant differences

EJPRD
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Table 3. Objective shade change (AE) of the study groups at different follow-up times expressed as means = standard deviations,

as well as their statistical analysis, for the evaluation of bleaching stability.

Evaluation point Control (AWM) MI Paste Plus Remin Pro PAMAM
Pre/3 days 9.9+3.4% 7+3.4% 9.1+3.4%a 8.7+3.4%
Pre/1 week 9.9+3.4% 6.4+3.4% 8.7+3.4h® 9.1£3.4%
Pre/1 month 7.8+3.3% 6+3.2% 6.8+3.34%® pAIEESSE
Pre/3 months 7.7+3.3% 5.3+3.1% 6.7+3.3%° 7.5+3.1%2
Pre/6 months 7.8+3.3% 5.5+3%a e3R8t 7.5+3.142
Pre/9 months 7.8+3.3% 61342 8.3+3.3%® 7.5+3.1%2
Pre/1 year 8+3.3%a 6.1+3%a 6.8+3.3%® 7.9+3.142

Means with different capital superscript letters within each row, and small superscript letters within each column indicate statistically
significant differences between experimental groups at p = 0.05.

Table 4. Subjective shade change (ASGU) of the study groups at different follow-up times expressed as means « standard devia-
tions, as well as their statistical analysis, for the evaluation of bleaching stability.

Evaluation point Control (AWM) MI Paste Plus Remin Pro PAMAM
Pre/3 days 3.8+2.3% 3.2+2.3% 5.2+3.2% 5+2.3%

Pre/1 week 3.7+2.3% 2.942.3A® 4.6+3.20 4.4+2 3nab
Pre/1 month 3.4+2.2b 2.8+2.1A% 412 2nab 4.2+2 20
Pre/3 months 3.3+2.2Mb 2.3+2, Thabe 3.6+£2.2% 4.142.14ab
Pre/6 months 3.1£2.2% 2|72 3.642.2% 3.5+2.1%
Pre/9 months 3+2.20b¢ 1.8+24¢ 3.6+2.2% 3.4+2.1%
Pre/1 year 2.5+2.2%¢ 1.742%¢ 3.642.2% 3.3x2%

Means with different capital superscript letters within each row, and small superscript letters within each column indicate statistically

significant differences between experimental groups at p = 0.05

Figure 2 reveals no significant differences in AWI over fol-
low-up times in AWM, MI, and PAMAM groups (p > 0.05). How-
ever, the RP group had significantly reduced AWI at 1 month
compared to 3 days and 9 months (p <0.05). Anumerical drop
in mean AWI, suggesting reduced whiteness, was found start-
ing at 1 month in the AWM, MI, and PAMAM groups, and 1
week in the RP group.

Bleaching stability was confirmed with AL*, Ab*, and AWI,
values, which remained above the AT (1.25, 2.8, and 2.6, re-
spectively) of these parameters in all groups and follow-up
times, indicating no shade relapse to pre-bleaching values.

Figure 3 presents representative clinical photographs of pa-
tients treated with AWM (Figures 3a and 3b), MI (Figures 3c
and 3d), RP (Figures 3e and 3f), and PAMAM (Figures 3g and
3h), captured prior to bleaching (Figures 3a, 3c, 3e, and 3g)

and at the 1-year post-bleaching follow-up (Figures 3b, 3d, 3f,
and 3h). The images demonstrate that, regardless of the rem-
ineralizing agent applied, the tooth shade did not return to its
original pre-bleaching shade after one year of follow-up.

Limited to moderate agreements between the objective and
subjective shade assessment methods were observed with a
Kappa value of 0.106 and Kendall's W of 0.504 respectively.

DISCUSSION

The remineralizing enamel treatment applied after dental
bleaching can help restore the enamel’s natural translucency
and repair enamel defects caused by bleaching. This results in
a reduction in surface roughness and maintains teeth white-
ness through the decrease of stain reuptake.>°

secereceeseeseeeeeeeee oo PostBleaching Shade Stability: Randomized Clinical Trial...
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Figure 2: Bar charts showing means and standard deviations of the AL* (blue chart), Ab* (yellow chart), and AWI; (red chart)

in relation to the pre-bleaching shade. Different small letters indicate statistically significant differences at p = 0.05 within each
remineralizing agent.

Figure 3: Representative photos of patients treated with: After Whitening Mousse (a and b), MI Paste Plus (c and d), Remin Pro (e

and f), and PAMAM (g and h). Figures 3a, 3¢, 3e, and 3g represent photos before bleaching, while Figure 3b, 3d, 3f, and 3h represent
photos of 1-year post-bleaching follow-up.
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Based on the results of the objective analysis, the 3-day
post-bleaching shade was chosen as the reference shade for
evaluating bleaching stability. Results of the 24-hour post-
bleaching shade indicated a minimal color change, making
this follow-up time not a suitable reference point. This may be
due to dehydration and demineralization of the teeth, causing
an increase in enamel surface porosities, which could lead to
inaccurate VITA EasyShade readings due to the edge-loss ef-
fect.** On the other hand, the 3-day post-bleaching follow-up
times indicated a significant shade change. This may be due
to enamel rehydration and reduction of surface porosities
through the effect of remineralizing agents and saliva, lead-
ing to more precise shade assessment.® This finding agreed
with a previous study that reported higher AE values within a
week from in-office bleaching.*> The prolonged action of the
perhydroxyl radical remnants in tooth structure may also ex-
plain the continued increase of AE.* Furthermore, although
the ASGU showed a higher mean value at the 24-hour follow-
up compared to the 3-day follow-up, reduced enamel trans-
lucency and increased opacity due to dehydration, along with
increased surface roughness, may lead to false shade meas-
urements. These measurements can rapidly change once nor-
mal enamel translucency is restored.*

The findings of this study confirmed the first null hypothesis
regarding the effect of remineralizing agents on post-bleaching
shade stability as no differences were observed between the four
remineralizing agents, both objectively and subjectively, at any of
the post-bleaching follow-up times. However, the second null hy-
pothesis, which concerned the agreement between the objective
and subjective shade evaluation methods, was rejected.

Objective analysis demonstrated that bleaching stability
was maintained following the application of remineralizing
agents, irrespective of the agent used. Although AE values de-
creased numerically over the follow-up period, the reduction
remained within the acceptability threshold (AT), indicating no
clinically significant color change.?

The remineralizing properties of all the agents used can ex-
plain their similar behavior regarding bleaching shade stabil-
ity. The AWM, M1, and RP all contain sodium fluoride in their
compositions, which could repair post-bleaching enamel de-
fects through surface deposition of minerals and enhance-
ment of fluorapatite formation.>® In addition to sodium
fluoride, MI contains CPP-ACP, which binds to enamel and
provides a source of minerals needed for remineralization.'
RP contains hydroxyapatite, which could repair enamel poros-
ities due to its similarity to the composition of human enam-
el.’> Conversely, PAMAM encourages enamel remineralization
in a manner close to that of enamel proteins, acting as a scaf-
fold and utilizing minerals found in saliva, forming highly or-
ganized HAP crystals.’® Additionally, the bleaching agent used
in this study had a slightly alkaline pH (pH=8-8.6 according to
the product’s safety data sheet), which is likely to cause less
demineralization of enamel and possibly less susceptibility to
re-staining, maintaining the bleached shade stability.>

The bleaching stability observed in the current study is
consistent with several previous clinical studies.”** Although
hydrogen peroxide in-office bleaching was employed in the
studies of Estay et al.” and Bersezio, et al.,* their main ob-
jective was to compare different hydrogen peroxide concen-
trations and bleaching gel pH levels without considering the
impact of applying remineralizing agents. The results of this
study were aligned with those of Tawfik et al.”® They found
that the use of a remineralizing agent containing amorphous
calcium phosphate (ACP) in combination with bleaching re-
sulted in better color stability up to 6 months after bleaching.
However, these findings contrast with those of Alghonaimy et
al.®who reported shade relapse at 3 months following chemi-
cally activated in-office bleaching combined with a desensitiz-
ing agent containing potassium nitrate and sodium fluoride.
This discrepancy may be attributed to differences in the con-
centration and composition of the bleaching agent, which can
affect the degree of shade stability.

Although the ASGU results showed no relapse to the pre-
bleaching shades, the numerical and statistical decrease
in ASGU indicated a noticeable darkening of the shade. The
ASGU values for MI at 9 months and 1 year were very close to
the perceptibility threshold,? suggesting that bleaching stabil-
ity was questionable subjectively for this agent. This highlights
the limited agreement between the objective and subjective
methods, indicating potential limitations in one or both meth-
ods of shade analysis. Nonetheless, none of the evaluation
methods in this study showed a relapse to pre-bleaching
shades up to the 1-year follow-up period.

An analysis of AL*, Ab*, and AWI was carried out to address
one of the shortcomings of AE, which is the inability to iden-
tify the direction of color change.? Analysis of AL* and Ab*
color parameters is especially crucial because most bleach-
ing-related changes are caused by changes in these two pa-
rameters.**4” A slight reduction in lightness was observed
after one week, possibly due to ongoing tooth rehydration
and remineralization, which may increase enamel translu-
cency and disclose the underlying dentin color.* The reversal
of the bleaching process through the reduction of previously
oxidized compounds, which could restore the tooth’s origi-
nal color, and the gradual re-staining of teeth over time from
external chromogens present in the oral environment, could
also be other possible explanations.“® The negative Ab* values
throughout the follow-up period indicated that the hydrogen
peroxide bleaching might permanently break down the organ-
ic chromogens responsible for the increased chroma within
the tooth structure.*

The numerical decrease in AWI, may be attributed to enamel
rehydration and remineralization following initial dehydration
and demineralization, clinically perceived as shade darken-
ing.3# However, AWI  values remained above the accept-
ability threshold (AT), further supporting the stability of the
bleaching shade.
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The limited to moderate agreement between the objective
and subjective shade evaluation methods complicated the re-
sults interpretation, as the objective measurements indicated
consistent bleaching stability, whereas ASGU values suggest-
ed reduced stability in some groups. This discrepancy, consist-
ent with previous findings,?# highlights potential limitations
inherent in one or both assessment methods. Sensitivity to
lighting conditions, difficulty in positioning the guide tip on
convex surfaces, sensitivity to changes in tooth surface tex-
ture, and translucency can all affect the results of the objec-
tive method using the spectrophotometer.?’#° The subjective
method may be biased and fail to detect subtle color chang-
es, 2% suggesting that the ASGU method may be inaccurate.®®
In addition, the differences between shades with the scale
used in this study are not linear, so interpreting them as con-
tinuous data may not produce accurate findings.?*4° Further-
more, it was reported that the VITA classical shade guide had
coverage errors as high as 4.4 AE_,, which is higher than the
AT.* Despite their simplicity of use, the present shade guides
do not cover the entire range of tooth colors, which makes it
more difficult to match teeth shades exactly.*!

One of the limitations in this study is the use of a single
bleaching gel with a specific concentration and alkaline pH,
which does not encompass the diversity of bleaching agents
available on the market and may not fully reflect clinical
conditions where multiple formulations are employed. The
properties of the bleaching agent can influence shade stabil-
ity. Nevertheless, the primary objective was to compare the
effects of different remineralizing agents. Introducing mul-
tiple bleaching agents could compromise comparability, as
their interactions with remineralizing agents may vary. Future
studies should investigate how remineralizing agents interact
with various bleaching formulations to better reflect clinical
variability. Another limitation is the relatively short follow-up
period. Although longer than in many previous studies, ex-
tending the follow-up beyond the one-year period used in this
study could provide more comprehensive insights into the
long-term stability of bleaching outcomes.

CONCLUSIONS

Based on the study’s limitations, the following conclusions
were drawn:

1. During the one-year follow-up period, no remineralizing
agents compromised the post-bleaching shade stability.

2. The subjective and objective methods have limited to
moderate agreement and cannot be utilized indepen-
dently to measure shade stability in clinical settings.

3. Nevertheless, the use of remineralizing agents appears
to be a critical post-bleaching clinical step, not only for
their potential to reduce post-bleaching hypersensitiv-
ity, but also for maintaining shade stability over the
follow-up period evaluated in this study.

EJPRD
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