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Randomized Double-blind Clinical
Trial of Bleaching Products in
Patients Wearing
Orthodontic Devices
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Clinical Relevance

Bleaching products based on 8% and 10% hydrogen peroxide concentrations can be
effective alternatives for dental bleaching in patients with fixed orthodontic appliances.

SUMMARY

Objectives: This double-blind randomized clin-
ical trial evaluated tooth sensitivity (T'S) and
the effectiveness (EF) of two types of bleaching
agents (Treswhite Ortho [TWO] and Treswhite
Supreme [TWS]) when used in patients wear-
ing orthodontic appliances.

Methods and Materials: Forty patients be-
tween the ages of 18 and 40 years were ran-
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domly stratified, with an equal allocation rate,
into two groups (n=20), according to the
bleaching agent applied. Tooth color of the
six maxillary anterior teeth was measured
before and after the treatment with a spectro-
photometer. The TS was recorded on three
scales before and during the bleaching treat-
ment.

Results: With regard to EF, a significant
reduction was found (ranging from 7.3-9.6
and 5.3-9.5 Vita scale units for TWO and
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TWS, respectively, p<0.001); however, there
was no statistical difference between the
groups (p>0.63). The number of patients with
sensitivity was 58.8% and 73.3% for TWO and
TWS groups, respectively (p=0.53); however,
with each of the three scales used, the inten-
sity of sensitivity was low and there was no
statistical difference between TWO and TWS
(»>0.05).

Conclusions: In spite of producing a side effect
of low TS, the two bleaching treatments tested
were effective for dental bleaching in patients
with fixed orthodontic appliances.

INTRODUCTION

Tooth bleaching is one of the most requested dental
procedures nowadays. It is commonly chosen as the
first option to improve tooth color because it is
considered a minimally invasive approach compared
with other esthetic procedures, such as crowns or
veneers.! Dental bleaching can be performed directly
by the dentist at the clinic (in-office bleaching), by
the patient at home with professional supervision
(at-home bleaching), or by the patient without
professional supervision with over-the-counter prod-
ucts (over-the-counter).

As a result of its relative ease of use, low cost,
safety, and acceptance by patients, at-home dental
bleaching has gained great popularity? among
dentists and patients. More recently these benefits
were extended to the orthodontic field as a comple-
mentary treatment.>* The use of these bleaching
agents during orthodontic treatment is of great
importance, because this treatment will allow the
final esthetic result of the teeth and the smile to be
additional goals of the orthodontic treatment pro-

cess.>®

The attempt to bleach teeth “covered” by restor-
ative materials® or with orthodontic appliances®* is
not new, but it is only recently that a new product
has become available on the market: Opalescence
Treswhite Ortho (TWO, Ultradent, Opal Orthodon-
tics Inc, South Jordan, UT, USA). This product has
been developed to meet the esthetic needs of
patients wearing orthodontic appliances before the
appliances are removed. This specific product was
evaluated in a published clinical trial.® In this
study, patients with or without brackets and
appliances were subjected to tooth bleaching with
a preloaded flexible tray containing 8% hydrogen
peroxide (TWO), which had to be kept on the teeth
(without brackets) or on the brackets/teeth for
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approximately 45 minutes to achieve adequate
contact time between the whitening gel, teeth, and
brackets. After 10 days, the results showed TWO to
be an efficient bleaching agent in patients wearing
fixed orthodontic appliances, with results similar to
those found in the group that did not wear any
appliances.

Recently a published case report? described the
use of Opalescence Treswhite Supreme (TWS, Opal
Orthodontics, Ultradent Products), a product con-
taining 10% hydrogen peroxide, in a patient with
brackets. Although the manufacturer did not indi-
cate that this product was designed for the purpose
of use with orthodontic appliances, the results of this
report showed a good pattern of bleaching. Unfortu-
nately, in spite of the good clinical results in terms of
bleaching effectiveness, these two articles®* did not
include any comments with regard to tooth sensitiv-
ity.

Tooth sensitivity is the most common side effect
associated with use of at-home bleaching or over-the-
counter products with high concentrations. Typically
more than 70%'%12 of patients report sensitivity,
with levels ranging from very mild to intolerable.® It
is known that the diffusion of hydrogen peroxide
through tooth structures depends on the initial
concentration of the bleaching agent.'®>'® When
different bleaching agent concentrations are used
in at-home/over-the-counter techniques, in general,
those with higher concentrations produce higher
levels of sensitivity.10-12

In view of the foregoing, the primary objective of
this study was to evaluate the tooth sensitivity
induced by over-the-counter bleaching agents with
different concentrations when applied in patients
with orthodontic appliances, considering that as far
as we know, no previous randomized clinical trials
have addressed this question. Moreover, since the
main difference between TWO and TWS is the gel
concentration, these products were chosen for this
randomized clinical trial. The second aim of this
investigation was to evaluate the clinical effective-
ness of the above-mentioned two over-the-counter
bleaching agents with different concentrations
when applied in patients with orthodontic appli-
ances. The following null hypotheses were tested in
this study: 1) the color change is the same for both
of the over-the-counter bleaching agents with
different concentrations, and 2) no difference in
tooth sensitivity is observed between the over-the-
counter bleaching agents with different concentra-
tions.
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Figure 1. Flow diagram of the clini-
cal trial including detailed information
on the excluded patrticipants.

Assessed for eligibility (n = 72)

Excluded (n=32)
#Recession (15)
— ePresence of restorations (n = 9)

+Declined to participate (n = 3)
Randomized (n = 40)

#Previous sensitivity(n = 5)
I Allocation |

L )

Allocated to TWO (n = 20)
#Received allocated intervention (n = 20)

Allocated to TWS (n = 20)
+Received allocated intervention (n = 20)

Follow-Up

L

Lost to follow-up (n =0)

Discontinued intervention (severe tooth sensitivity)
(n=0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Analysed (n = 18)

‘ Analysed (n = 17)

METHODS AND MATERIALS
Study Design

This clinical investigation was approved (Protocol
19033/10) by the scientific review committee and by
the committee for the protection of human subjects of
the local university. The experimental design was
based on the guidelines of the CONSORT state-
ment.'® This was a randomized, double-blind clinical
trial with an equal allocation rate to receive either
one of two treatments. Once the criteria were
established, 40 volunteers were selected for this
study.

Inclusion and Exclusion Criteria

Patients included in this clinical trial were at least
18 years of age or older and had good general and
oral health. A total of 72 participants were examined
in a dental chair to check whether they met the
inclusion and exclusion criteria (Figure 1). The
participants needed to be using orthodontic appli-
ances. The requirement was to present six caries-
free maxillary anterior teeth, without restorations
on the labial surfaces, and these teeth had to be
shade A3 or darker. Participants who had undergone
previous tooth-whitening procedures, presented an-
terior restorations, were pregnant/lactating, or who
had severe internal tooth discoloration (tetracycline

stains, fluorosis, pulpless teeth), spontaneous sensi-
tivity, bruxism habits, or any other pathology that
could cause tooth sensitivity (such as recession,
exposed dentin) were excluded from the study since
they would not be eligible for cosmetic treatment
such as bleaching.

Sample Size Calculation

The sample size calculation was based on the
absolute risk of tooth sensitivity, the primary
outcome of the study. Forty patients (20 in each
group) were required to have an 80% chance of
detecting a decrease in the primary outcome mea-
sure from 66% (mean absolute risk of tooth sensitiv-
ity, based on high-concentration at-home bleaching
gels®1%12 in the TWS group to 25% in the TWO
group [0=0.05]). The sample size was calculated
using the Website www.sealedenvelope.com. The
present study was powered to detect a high
significant effect.

Subject Allocation

The 40 participants were randomly allocated to the
TWO and TWS groups (Table 1). As the over-the-
counter products are very similar in terms of
presentation and manufacturer recommendations,
the patients were considered blind. The participants
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Table 1: Details of the Bleaching Agents Used
Bleaching Agent/Manufacturer Hydrogen Application Composition* Batch No.
Peroxide, % Time

Tréswhite Ortho (TWO)/Ultradent 8 45 min/10 d Carbamide peroxide 7.5%; hydrogen peroxide 7.5%; 68561.1
sodium fluoride 0.25%, and sodium hydroxide 3.75%

Treswhite Supreme (TWS)/Ultradent 10 45 min/10 d Carbamide peroxide 7.5%; hydrogen peroxide 3%- 85007.2
13%; sodium fluoride 0.25%, and sodium hydroxide
<5%

* Data provided by the manufacturer.

were randomly divided in the two groups (TWO or
TWS). A third operator, not involved in the research
protocol, conducted the randomization process,
which recorded the details of the allocated groups
on cards placed in sequentially numbered, opaque
and sealed envelopes. Once the participant was
eligible for the procedure and completed all baseline
assessments, the operator could open the envelope.
Neither the participant nor the operator knew the
group allocation before this stage.

Shade Evaluation

Shade evaluation was recorded before the procedure
and 30 days after finishing the bleaching treatment
using an objective evaluation (spectrophotometer
Easyshade, Vident, Brea, CA, USA); the spectropho-
tometer was calibrated before and after the proce-
dure. For this evaluation, a preliminary impression
of the maxillary arch was made using dense silicone
Adsil (Vigodent S/A Industria e Comércio — Rio de
Janeiro, RJ, Brazil). The impression was extended to
the maxillary canine and served as a standard color
measurement guide for the spectrophotometer. A
window was created on the labial surface of the
molded silicone guide in order to evaluate the central
incisor. The window was made using a metal device
with well-formed borders measuring 6 mm in
diameter.? This procedure guaranteed the correct
measurement area of interest with reference to
shade. In this specific study, the matching area
was always the middle one-third of the facial surface
of the six anterior teeth. The measurement was
performed in all 40 patients by only a single operator
using Vita Easyshade (Easyshade, Vident) before the
treatment and 30 days after the bleaching therapy.
The data obtained by means of the spectrophotom-
eter VITA Easyshade were recorded based on the
visual colors of the Vita Classical® color scale
(VitaZahnfabrik, Bad Séackingen, Germany). We
arranged the shade guide’s 16 tabs from highest
(B1) to lowest (C4) value, rendering the minimum
qualifying shade C1 number 6 (sixth tab on the

value-ordered arrangement). Although this scale is
not truly linear, we treated the changes as though
they represented a continuous and nearly linear
ranking for the purpose of analysis. The color
measured at baseline and 30 days after bleaching
was used to calculate the variations in color toward
the lighter end of the scale (A Shade Guide Unit
[SGU).

Study Intervention

After the initial tooth color measurement, ortho-
dontic appliances were bonded to all of the teeth of
each patient according to the following technique:
commune orthodontic technique white brackets
(AVEX MX®, Opal Orthodontics), adhesive, and
bonding cement (Transbond™ XT, 3M, St Paul, MN,
USA). After this, the bleaching agent was applied
for 10 days, with a 45-minute session each day,
according to the manufacturer’s instructions. In
order to properly instruct each participant, the first
application of the bleaching agent was performed
under professional supervision. After this proce-
dure, the bleaching kits were given to the partici-
pants (contents: nine trays of bleaching agent). Ten
days after finalization of the treatment, the brack-
ets of the teeth to be evaluated (only in the six
anterior teeth) as well as all of the resin cement
were removed using aluminum oxide discs (Sof-Lex
Pop-on, 3M) in conjunction with a polishing paste
(Poligloss, TDV, Pomerode, SC, Brazil). All of these
procedures were performed by one orthodontist
with more than 20 years of experience in private
practice in orthodontia. A new tooth color measure-
ment was performed with the VITA Easyshade
spectrophotometer only after 20 days post—bracket
removal.

Tooth Sensitivity Evaluation

The patients recorded their perception of tooth
sensitivity during the 10 bleaching sessions using
three pain scales. A five-point rating scale (0 =
none, 1 = mild, 2 = moderate, 3 = considerable, and
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Table 2: Absolute Risk of Tooth Sensitivity (%) for the
Treatment Groups, with 95% Confidence Interval
(Cl) for Both Arches™

Groups Tooth Sensitivity, % 95% ClI
TWO 58.8 A 34-74
TWS 733 A 53-89

Abbrevations: TWO, Treswhite Ortho; TWS, Tréswhite Supreme.
* Fisher exact test, p = 0.53.

4 = severe),!”1® a 0 to 100 numerical rating scale!®

21 (NRS 101), and a visual analogue scale'®?! using
a 10-cm horizontal line with the words “no sensi-
tivity” at one end and the words “highest sensitiv-
ity” at the opposite end were used in this study. The
highest scores/numerical values obtained in each
bleaching session were recorded for statistical
purposes. The values were arranged into two
categories: percentage of patients who reported
tooth sensitivity at least once during treatment
(absolute risk of tooth sensitivity) and overall
intensity of tooth sensitivity.

Statistical Analysis

The analysis followed the intention-to-treat protocol
and involved all participants who were randomly
assigned.'® The statistician was blinded to the study
groups. The agreement between examiners’ objective
evaluations was evaluated using Kappa statistics.
The primary outcome of absolute risk of tooth
sensitivity was compared using the Fisher’s exact
test at a 5% level of significance. The relative risk as
well as the confidence interval for the effect size was
calculated.

The intensity of tooth sensitivity (secondary
outcome) was also statistically analyzed. The mean/
median and standard deviation/interquartile range
of the three pain scales were calculated. Color
change, another secondary endpoint, was used to
assess the effectiveness of the bleaching treatment.
To evaluate color change, the means and standard
deviations of SGU at baseline and 30 days after

conclusion of bleaching were calculated for each
group. In order to evaluate whether the bleaching
therapies were effective or not, the data from SGUs
of both groups were submitted to the Student ¢-test.
In all statistical tests, the significance level was set
at o = 0.05.

The data sets were plotted on histograms and
inspected for normal distributions. Some data did
not appear to be normally distributed, and therefore
nonparametric statistical tests were used to compare
the various treatments. Statistical analyses of three
pain scales comparing the two groups at the three
different assessment points were performed using
the Mann-Whitney U-test. In all statistical tests, the
significance level was set at o = 0.05.

RESULTS

The mean age (years) of the participants in this
study was similar between the groups (TWO:
24.4+4 4 years and TWS: 24.2+3.9 years). Fifty-five
and 60 percent of the participants in the TWO and
TWS groups, respectively, were male. Figure 1
depicts the participant flow diagram in the different
phases of the study design. Five patients, two of
which were TWO and three of which were TWS,
were lost to follow-up because they did not return for
the final color evaluation after bracket debonding.
However, all patients recorded their perception of
tooth sensitivity during the 10 bleaching sessions
using three pain scales.

Tooth Sensitivity

The data from 40 patients were used in this study,
following the intention-to-treat analysis. With re-
gard to the absolute risk of tooth sensitivity (primary
outcome), no significant difference was observed
between groups, as seen in Table 2 (p=0.53). The
absolute risk and 95% confidence interval indicated
that there was no difference in tooth sensitivity
between the two gels used. With regard to the
intensity of tooth sensitivity (Table 3), the groups did

at All Evaluation Times*

Table 3: Comparison of Tooth Sensitivity Intensity Experienced by Patients of the Treatment Groups, Using Three Pain Scales,

0-4+

VAS*** NRS-101***

TWO TWS

TWS TWO TWS

All evaluation times 1(0/3) A 1(0/3) A

4.7 + 83 A

85+ 145 A 51+ 1444 6.2 + 1234

Abbrevations: TWO, Treswhite Ortho; TWS, Treswhite Supreme; VAS, visual analogue scale; NRS, numerical rating scale.
* Comparisons are valid only within the same pain scale. The two treatments were compared using the Mann-Whitney U-test, and differences are represented by
different letters according to the pain scale used; ** Medians (minimum/maximum) values; *** Means and standard deviations.

$S900E 98] BIA | £-80-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



384

Operative Dentistry

Table 4: Means and Standard Deviations of A Shade Guide Unit (SGU) for the Two Treatment Groups at End of Treatment*

23 22 11 12 13
TWO 7.3 £ 31 8.4 = 3.2 9.6 = 3.1 91 27 8.0+ 29 7.6 = 3.3
TWS 5.3 * 3.0 8.0+ 26 95 *+23 9.3+ 35 72+ 34 6.2 + 34

Abbrevations: TWO, Tréswhite Ortho; TWS, Treswhite Supreme.

* No statistically significant difference was observed for any tooth evaluated for ASGU (Student-t-test, p>0.05).

not differ statistically according to the three pain
scales used in this study (p>0.05).

Color Evaluation

Significant whitening was observed in both study
groups by the evaluation method used (p<<0.001).
Whitening of approximately 5 to 9 SGUs was
detected for both groups (Table 4). The results of
the visual shade guide evaluation matched the
hypothesis of equality between the values after
bleaching (p>0.63).

DISCUSSION

The results of the present study indicated that both
the TWO and TWS groups demonstrated significant
tooth color enhancement during orthodontic treat-
ment when compared with baseline. This result is
possibly explained by the similarity between the
general composition, and especially the concentra-
tion, of the bleaching gels (data provided by the
manufacturer). This indicates the rejection of the
first null hypothesis.

However, the most relevant result was the pattern
of bleaching. In our study, we found an average
variation of 7.3-9.6 and 5.3-9.5 SGUs for TWO and
TWS, respectively, which is in agreement with the
results of previous studies.® These authors clinically
tested the effectiveness of 8% hydrogen peroxide
(TWO) on bleaching during orthodontic treatment.
They showed a mean variation of 4-13 SGUs for
TWO after it was used for 10 consecutive days in 45-
minute daily sessions.

When studies of at-home bleaching and over-the-
counter methods were compared, in which hydrogen
peroxide concentrations ranging from 6.5% to 9.5 %
were used, the pattern of bleaching of TWO and TWS
was similar to that obtained in previous stud-
ies,"1%22 which showed a reduction ranging be-
tween 4.8 and 9.4 SGUs. However, in the cited
studies in general, the time of application comprised
a period of at least of two weeks,?? a longer time in
comparison with that used in the present study. This
bleaching effect may have been strongly influenced
by the pH of the gels tested in this study. The pH of

TWO and TWS is 7.3 and 6.7, respectively (data not
shown). This high pH level is possibly a result of the
addition of sodium hydroxide, which increases the
pH of the hydrogen peroxide, contributing to its
decomposition.?3-24

Most bleaching gels are delivered in acid solutions
because they are more stable at a low pH than at
higher pH values.?® However, according to the pH of
the gel and the pH of the medium, a significant
difference was shown between the products released
and the kinetics of decomposition of the bleaching
gels. Oxygen-free radicals and hydroxyl anions are
more frequently produced by the low-pH gels;
however, an alkaline solution has a higher concen-
tration of perhydroxyl ions.?® In the case of TWO and
TWS, sodium hydroxide is the component responsi-
ble for increasing the pH. This strategy has recently
been successfully used in the in-office bleaching
agents with very good results in terms of bleaching
effectiveness associated with lower levels of tooth
sensitivity. 1718

Some researchers have reported that the hydrogen
peroxide formed in an alkaline environment has
better bleaching effectiveness,?*?>27 attaining up to
50% more bleaching effect.? Some studies have
established that the constant dissociation of hydro-
gen peroxide could be increased by up to 2.7 times
when the peroxide is formed in a pH of 9, when
compared with an acid solution of hydrogen peroxide
with a pH of 4.4.%8

It seems to be surprising that hydrogen peroxide,
even when it is not in direct contact with the buccal
surface of the teeth, has the ability to bleach them:;
still, this effect has previously been demonstrated.®*
This is explained by the fact that TWO and TWS
present hydrogen peroxide in their compositions.
Hydrogen peroxide has the ability to act in a
multidirectional manner on dentin; this associated
with the fact of its low molecular weight allows
hydrogen peroxide diffusion through the enamel
porosity to dentin by the formation of free radicals
that interact with the pigmented organic molecules,
destabilizing and bleaching them, and thus produc-
ing the whitening effect.”?°

$S900E 98] BIA | £-80-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



Montenegro-Arana & Others: Bleaching in Patients with Orthodontic Devices 385

On the other hand, when hydrogen peroxide is in
contact with the tooth structure, protein denatur-
ation occurs, promoting the loss of enamel and
dentin matrix substance and increasing porosity,
facilitating the permeability of hydrogen peroxide
into the pulp chamber, as has been shown in
previous studies.?*3! This triggers an inflammatory
process due to the chemical irritation produced by
hydrogen peroxide,®? generating tooth sensitivity
during and after the treatment,”>? which is common
and reversible for at-home/over-the-counter prod-
ucts.

As mentioned in the Introduction, tooth sensitivity
associated with dental bleaching is a common and
transitory effect,'® and this effect is directly related
to the quantity of hydrogen peroxide that diffuses
through the tooth structures and depends on the
initial concentration of the bleaching agent.!*1%34

The results of the present study indicate that the
TWO and TWS groups demonstrated a prevalence of
sensitivity of 58.83% and 73.8%, respectively, showing
a similar pattern between them and one that is also
comparable with that described in the literature
when equivalent concentrations are evaluated/
used.’!%!? This indicates the rejection of the second
null hypothesis.

The percentage difference in sensitivity between
the two tested gels could be explained by the
difference in concentration of hydrogen peroxide in
their composition (TWO: 8% and TWS: 10%),
considering that additional factors, such as frequen-
cy of application, pH, and others,®3%3! were very
similar between them.

Moreover, it is noteworthy that in spite of the
high concentration of hydrogen peroxide in the
compositions of the two tested gels, both showed a
slight low intensity of sensitivity comparable with
results in the literature.!! Suggested hypotheses
may contribute to explaining this phenomenon. For
example, the phenomenon may be related to the fact
that the tray does not remain in direct contact with
the tooth structure, either because the tray is not
customized, in contrast with at-home products, or
because of the interposition of the orthodontic
appliance, when compared with treatment per-
formed with at-home and over-the-counter prod-
ucts. During treatment, this could lead to a
decrease in the concentration due to likely dilution
in saliva, although this fact did not have any
influence on the bleaching pattern.

Another factor that could contribute to explaining
these findings is the fact that the two products have

desensitizer agents in their composition, in this case,
sodium fluoride. It has been demonstrated that
products containing desensitizers show a pattern of
low sensitivity.!718-35:36

The high pH of the two tested bleaching agents
presented, as previously mentioned, could help to
explain these results. The increase in pH due to the
presence of sodium hydroxide is responsible for the
production of a higher concentration of perhydroxyl
ions in comparison with low-pH gels, which more
frequently produce hydroxyl anions.?® When gels
with higher pH are tested, lower levels of intensity
of sensitivity have usually been observed.!!”1®
More recently, some articles have shown that the
TWS gel has the lowest kinetic rate of hydrogen
peroxide release in comparison with different
products tested.?” In this study, only around 60%-
65% of the hydrogen peroxide concentration was
released after 45 minutes of application, in com-
parison with 80-100% after around 60 minutes of
application of the other products tested. The
authors’ explanation for this slow release is that
they modified the matrix composition of the TWS;3”
nevertheless, this question deserves attention in
future studies.

It is important to mention that five subjects were
lost to follow-up because they did not return for final
color measurement. The bracket removal and final
color measurement were performed in two different
appointments to give an adequate time for the teeth
to rehydrate after the polishing procedure and before
the final color measurement was conducted.?®4°
However, all patients recorded their perception of
tooth sensitivity during the 10 bleaching sessions
using three pain scales. This is the reason for
different numbers of subjects when considering
sensitivity evaluation (30 subjects) and color evalu-
ation (25 subjects).

CONCLUSIONS

In conclusion, the results of this study indicate that
the use of these new bleaching agents, based on
hydrogen peroxide at 8% and 10%, produced bleach-
ing patterns similar to those associated with other
types of bleaching agents in patients with fixed
orthodontic appliances, in spite of producing a high
prevalence of sensitivity, an effect that was transi-
tory and of low intensity.
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