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Intrapulpal Concentration of
Hydrogen Peroxide of Teeth
Restored With Bulk Fill and

Conventional Bioactive Composites

DP Silva ® BA Resende ® M Kury ® CB André ® CPM Tabchoury ® M Giannini ® V Cavalli

Clinical Relevance

Using a 35% hydrogen peroxide bleaching agent in-office increases the concentration and
diffusion of hydrogen peroxide into the pulp chamber compared to a low-concentration

(9.5%) hydrogen peroxide gel.

SUMMARY

This study evaluated intrapulpal concentration
and hydrogen peroxide (HP) penetration at
the interface of teeth restored with bioactive
composites, using conventional or bulk-fill
composites. Cylindrical cavities were prepared on
the buccal surface of bovine incisor crowns (n=20)

and restored with: resin modified glass-ionomer
(RMGI, Riva Light Cure, SDI), non-bioactive bulk-
fill composite (FB, Filtek Bulk, 3M Oral Care),
non-bioactive conventional composite (FZ, Filtek
72350, 3M Oral Care), bioactive bulk-fill composite
(AC, Activa BioActive, Pulpedent), and bioactive
conventional composite (BII, Beautifil II, Shofu).
After 5,000 thermal cycles, restorations (n=10)
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were exposed to high (35% HP [4 applications
of 8 min/session-4 sessions]) or low (9.5% HP
[30 min/day-14 days]) concentration bleaching
protocols. After the last bleaching application, the
HP intrapulpal concentration was determined.
Additional teeth were restored, pigmented with
rhodamine B solution, and HP penetration around
the interface was observed under laser scanning
confocal fluorescence microscopy (LSCFM, n=3).
The presence of gaps at the interface was observed
on replicas of the cross-sectioned samples under
scanning electron microscopy (SEM, n=5). Data
were submitted to one-way (gap analysis) and two-
way analysis of variance (ANOVA; HP intrapulpal
concentration) and Tukey test (0=0.05). The
LSCFM images were qualitatively analyzed. The
restored teeth submitted to 35% HP presented
higher HP intrapulpal concentration than teeth
submitted to 9.5% HP (p<0.05). No differences
in HP intrapulpal concentration was observed
among groups (p>0.05) when exposed to 9.5% HP.
Lower HP intrapulpal concentration was observed
for teeth restored with RMGI exposed to HP 35%,
when compared with teeth restored with non-
bioactive conventional (FZ; p=0.004) and bulk-
fill composites (FB; p=0.01). No gap formation
was observed at the outer enamel adhesive
interface for all restorative materials. LSCFM
images showed that 35% HP promoted greater
degradation of rhodamine B at the enamel, except
for RMGI. In this context, RMGI promoted lower
HP intrapulpal concentration than non-bioactive
conventional and bulk-fill composites.

INTRODUCTION

The excellent aesthetic results provided by the
bleaching agents are based on the trans-dentinal
diffusion and decomposition of hydrogen peroxide
(HP) into free radicals.! The interaction of bleaching
agents occurs mainly in dentin, due to the absence
of organic chromophores in the enamel structure."?
Thus, the resulting free radicals of HP potentially
reach the pulp chamber, causing inflammatory
responses, morphological changes to pulp tissue, and
postoperative sensitivity.>*

Tooth bleaching should be performed with caution,
as the use of high concentrations of HP has shown to
promote severe post-operative damages and cytotoxic
effects.” However, studies indicate that even at low
concentrations, bleaching agents could reduce pulp
cell viability.®” On the other hand, clinical studies

have observed sporadic or transitory sensitivity
after treatment with high and low concentrations of
hydrogen peroxide.?

Clinically, pulp damage manifests as dental
sensitivity, frequently leading the patient to cease
bleaching.” Studies report that, in addition to the
concentration, the length of time of an application
directly influences the diffusion of the peroxide.’*!
Thus, different protocols and concentrations of HP
have been investigated in order to avoid unnecessary
exposure and to decrease the intrapulpal concentration
of hydrogen peroxide.”*"! In this context, Marson and
others* have previously observed that HP diffusion is
dependent on the concentration and bleaching gel
application protocol.*

Literature shows that restored teeth submitted to
tooth whitening present a greater amount of HP in
the pulp chamber than sound, non-restored teeth.”
This occurs because the restorative interface becomes
a path for peroxide microleakage.” In this regard,
restorative materials have been developed to promote
adequate marginal sealing and mechanical properties.”
Although no restorative material completely blocks HP
penetration, the diffusion of HP can be affected by
polymerization shrinkage and the polymerization stress
promoted at the adhesive interface of conventional
composites.” Thus, in an attempt to obtain greater
marginal integrity and to reduce clinical time and
the polymerization stress, bulk-fill composites were
developed, allowing increments of up to 4 mm
thickness."

Bioactive composites containing pre-reacted glass
ionomer (S-PRG-Beautifil II, Shofu) charge particles
were created to allow interaction with the adjacent
tissue by the release of fluoride by an ion exchange
mechanism in the pre-reacted hydrogel.” Studies
have shown that the S-PRG-containing bioactive
materials offer satisfactory biological properties,
bacterial inhibition, biocompatibility, and good
marginal sealing.”" To make bioactive materials even
more applicable, a new bulk-fill composite (Activa
BioACTIVE, Pulpdent) was formulated with an ionic
resin matrix, allowing the release of not only fluoride
but also calcium and phosphate.’

Bioactive or bulk-fill compositeshypothetically present
greater marginal sealing ability that may influence the
diffusion of the HP into the pulp chamber."? Considering
that these materials are used in posterior teeth (up to
premolars with involvement of the buccal surface) that
are possibly subjected to dental bleaching, the diffusion
around existing restorations and concentration of HP
into the pulp chamber must be evaluated. Therefore,
this study evaluated the concentration and diffusion
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of HP into the pulp chamber of teeth restored with a
resin-modified glass ionomer (Riva Light Cure), a non-
bioactive bulk-fill composite (Filtek Bulk Fill), a non-
bioactive conventional incremental resin composite
(Filtek 72350 XT), a bioactive bulk-fill composite
(Activa BioACTIVE), and a bioactive conventional
composite (S-PRG-based material-Beautifil II, Shofu).
The null hypotheses tested were that 1) a higher
concentration of the bleaching agent (35%) would not
significantly influence the intrapulpal concentration of
HP of restored teeth compared to a lower concentration
(9.5%), and 2) the type of restorative material would not
significantly influence the intrapulpal concentration of
HP for both HP concentrations.

METHODS AND MATERIALS

Sample Preparation

Bovine incisors were collected, cleaned, and stored in
a 0.1% thymol solution at 4°C for 30 days. All crowns
were examined under a stereomicroscope in order to
discard teeth with surface defects. After cleaning, teeth
were stored in a 0.1% thymol solution at 4°C for 30 days.
The roots were cut with diamond discs (KG Sorensen,
Barueri, Brazil) up to 2 mm below the cementoenamel
junction. The pulp tissue was removed using files
(Hedstrom files, Maillefer Dentsply, Ballaigues,
Switzerland), and the pulp chamber was thoroughly
rinsed with deionized water. The cervical pulp orifice
was enlarged with a spherical diamond tip bur (#1016,
KG Sorensen) to allow for the placement of the acetate
buffer solution into the pulp chamber.”? The buccal
enamel-dentin thickness was assessed and 100 crowns
with total thickness of 4.0 £ 0.1 mm were selected.
Cylindrical cavities (4 mm diameter x 3mm depth)
were manually prepared in the buccal surface of the
specimens with diamond burs (3053 and 3017, KG
Sorensen) in a high-speed handpiece (Kavo, Joinville,
SC, SP Brazil) under water-cooling. A periodontal
probe and a specimeter were used to measure the
depth and diameter of the cavity during preparation.
Five cavities were prepared per discarded diamond bur.
The application of the adhesive system and restorative
materials followed the manufacturers’ instructions
(Table 1). The adhesive system was previously applied
only in cavities restored with the resin composites and
light-cured for 20 seconds with a LED device (Valo,
Ultradent Products Inc, South Jordan, UT, USA).
Irradiance was measured using a spectroradiometer
(1200 mW/cm?, USB 4000, Ocean Optics, Dunedin,
FL, USA). For resin-modified glass ionomer
restorations, Riva Conditioner was applied, followed
by manipulation, insertion of the cement, and light-
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curing for 20 seconds. The emitting end of the light
source was placed parallel and as close as possible to the
cavosurface margin, without touching the restorative
materials. The operator used a blue-blocker eyeglass
during the restoration procedure to correctly position
the light-curing tip. The finishing and polishing of the
restorations were performed with extra-thin tips (3118
FF, KG Sorensen), sandpaper discs (Sof-Lex, 3M Oral
Care, St Paul, MN, USA) and each granulation was
used for 15 seconds (medium, fine, and superfine). The
specimens were stored in distilled water at 37°C for 48
hours prior to the thermal cycling procedure.

Thermal Cycling and Bleaching Procedure

To age the adhesive interface, the specimens were
submitted to 5,000 thermal cycles (MCT2-AMM, Sao
Paulo, SP, Brazil) in deionized water baths at 5° to 55°C
+ 1°C, corresponding to six months of aging."” Twenty-
four hours after thermal cycling, two layers of nail
polish (Revlon Inc, New York, NY, USA) were applied,
covering all exposed enamel except for a 1-mm space
around the restorations. Then, the restored teeth were
submitted to high- (35% HP) or low-concentration
(9.5% HP) bleaching agents (Table 2). Therefore, each
restorative material would be exposed to high- or low-
bleaching therapy (n=10). The low-concentration agent
(9.5% HP) was applied daily for 14 days, and 35% HP
was applied in four sessions at intervals of seven days.
Specimens were stored in artificial saliva in between
treatments (20 mM Tris buffer, pH 7.0, 1.5 mM Ca,
0.9 mM P, 150 mM KCl, 0.05 ug F/mL),"” at 37°C,
renewed every two days.

Concentration of Hydrogen Peroxide Into the
Pulp Chamber

The bleaching agents (35% HP or 9.5% HP) were used
following the manufacturer’s instructions (Table 2). At
the last bleaching application, the pulp chamber was
dried and 150 uL of acetate buffer solution 2M (pH 4.5)
was placed into the chamber in order to stabilize the
HP that penetrated into the pulp throughout bleaching.
Subsequently, 0.01 g of the high-concentration
bleaching agent was applied on the buccal surface for 8
minutes in four consecutive applications, and 0.01 g of
the low-concentration agent remained in contact with
the enamel surface for 30 minutes.

After the bleaching procedure, the solution was
removed and transferred to a glass test tube. The
pulp chamber of each tooth was filled for a second
time with 150 uL of the acetate buffer for 1 minute,
and this solution was transferred to the same glass
tube. Deionized water (2650 uL), leuco crystal violet
(100 uL of 0.5 mg/mL, Sigma-Aldrich, St. Louis, MO,
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Table 1: Composition and Manufacturer’s Instructions of the Restorative Materials

composite (FB)

(8M Oral Care)

DMA.

Materials Commercial
. Names and Composition Manufacturer’s Instructions
(Abbreviation)
Manufacturer
After tooth preparation, apply the
Polvacrvlic acid Riva conditioner to the prepared surfaces.
yacry! conditioner 26% polyacrylic acid Leave for 10 s and rinse thoroughly with
conditioner o
(SDI Limited) water. Remove excess water and keep
it moist.
, X . o
_ 10-MDP, phosphate monomer. 1) Sele(_:t|ve _aC|d etching (37%
. Single Bond . . phosphoric acid) of enamel for 15 s
Dental adhesive . dimethacrylate resins, HEMA, . . .
Universal (3M . ) 2) Apply adhesive with a microbrush to
(SBU) Vitrebond copolymer, filler, ethanol,
Oral Care) - : the surface (20 s), followed by a gentle
water, initiators, silane . .
air-spray for 5 s and light cure for 10 s.
Resin-modified Riva Light Powder: Fluoroaluminosilicate After e_namt_al etching for 10 s with
. glass. polyacrylic acid, followed by abundant
glass ionomer Cure S . . . 7 . . .
- Liquid: Polycyclic acid, tartaric rinsing and air-drying, apply and light-
(RMG) (SDI Limited) . : :
acid, polyacrylic acid cure for 10 s.
Non-bioactive | Filtek Bulk Fill N
bulk-fill Posterior AUDMA, UDMA, 1,12-dodecane- Apply composite in increments of 4 mm

and light cure (20 s).

Non-bioactive
conventional

Filtek Z350 XT
(8M Oral Care)

Bis-GMA, Bis-EMA, UDMA,
TEGDMA
Nanoparticles of non-agglomerated

Apply composite in increments of 2 mm

composite silica, zirconia/silica nano- and light cure (20 s).
(F2) agglomerates, free-bound
agglomerates
Bioactive . Mixture of diurethgne andlc.)ther
bulk-fill Activa methacrylates with modified Apply composite in increments of 4 mm
composites BioACTIVE polyacrylic acid (44.6%) and light cure (20 s)
(AC) (Pulpdent) amorphosine (6.7 %) sodium ’
fluoride (0.75%).
Bioactive Bisphenol-A glycidyl methacrylate
conventional Beautifil Il (Bis-GMA), triethylene glycol Apply composite in increments of 2 mm
composite (Shofu) dimethacrylate (TEGDMA), particles and light cure (20 s).
(B pre-reacted glass ionomer (S-PRG).

Abbreviations: AUDMA, aromatic urethane dimethacrylate; Bis-GMA, bisphenol A-glycidyl methacrylate; HEMA,
2-hydroxyethyl methacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA; urethane dimethacrylate; Bis-
EMA; ethoxylate bisphenol-A-glycol dimethacrylate; s, second.

USA), and horseradish peroxidase (50 uL of 1 mg/mL;
Sigma-Aldrich) were added to each tube.™®

As aresult, a colored solution was obtained, allowing
the optical density measurementin a spectrophotometer
(DU 800, Beckman Coulter Inc, Brea, CA, USA) at a
wavelength of 596 nm. For this purpose, a standard
curve with known HP concentrations was used to
convert the optical density values into micrograms (ug)
of HP/mL of solution. The values were then converted
into micrograms per milliliter.'**

Laser Scanning Confocal Fluorescence
Microscopy (LSCFM)

To observe the HP diffusion at the adhesive interface
and through enamel and dentin, additional specimens
of each group were prepared as previously described,
submitted to thermal cycles, and subsequently to
either high- or low-concentration bleaching protocols
(n=3). An additional control group, restored with
a resin-modified glass ionomer, was added to this
methodology and consisted of restored samples that
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Table 2: Bleaching Agent Composition and Manufacturer’s Instructions
Commercial
Bleaching Name - . .
Agents (Manufacturer, Composition Manufacturer’s Directions
Location)
Liquid: 35% hydrogen peroxide, 65%
water. . . . .
35% hvdrogen Pola Office® Powder: 73.26% thickeners, indioated flﬁr J”S'gfs'%eng"fd‘l'”g
o Nyarog (SDI Limited) 26.2% catalysts, 0.04% dye, 0.5% apy, - APPY
peroxide desensitizing agents (potassium a mixture to the enamel for 8
92ag P minutes, 4 times.
nitrate).
pH=3.7°
Bleaching gel: hydrogen peroxide
(9.5%). Indicated for at-home bleaching
0, a
h gd.rsoﬁen (S[P)Tll?icriri}c/e d) Activator: additives (47%), gycerol therapy, for 14 days. Apply the
}:-:‘roxgi,de (80%), water (20%), flavorings whitening gel to the tray 1 time for
P (0.1%). 30 minutes.
pH=5.7°
aAccording to manufacturer’s directions.
5Preliminary pH results obtained by the authors.

remained unbleached, in order to confirm if rhodamine
B solution would be able to diffuse through enamel
and dentin.

The crowns were fully immersed in rhodamine
B solution (Aldrich Chem. Co) for seven days at a
concentration of 0.1 mM in 30 mL of deionized water.
Subsequently, the in-office or at-home bleaching
protocols were performed (except the control group).
The center of the restorations was cross-sectionally
cut with a diamond disc under vegetable oil irrigation
(Isomet 1000, Buehler, Lake Bluff, IL, USA).

The inner face was polished (EcoMet 3000,
Buehler) with abrasive papers (400, 600, and 1200
granulations), specimens were immersed in vegetable
oil for 30 seconds and then immersed in an ultrasonic
chamber for 15 minutes for the complete removal of
the polishing residues. The interface was analyzed by
an argon laser-scanning microscope (TCS SP5AOBS,
Leica Microsystems CMS GmbH, Germany) with
a wavelength of 343 nm (red channel-for rhodamine
B) and 488 nm (green channel-dental tissues
autofluorescence), with 20x objective lenses in scan
mode, over the entire length from enamel to the bottom
of the cavity. The green channel was used to confirm
the focus of each image.

Internal Marginal Adaptation

Impressions of the polished cross-sectioned restored
surfaces, regardless of the previous bleaching procedure,
were taken using a polyvinyl siloxane material with

light and heavy consistency (Express XT, 3M ESPE,
St. Paul, MN, USA). After 24 hours, the impressions
were poured with an epoxy resin (EpoxiCure, Buehler
Ltd), to obtain the restoration replicas (n=5). The
polymeric replicas were sputter-coated with gold
(SCDO050, Bal-Tec AG, Balzers, Liechtenstein) in order
to analyze the presence of gaps between the restorative
material and enamel/dentin under a scanning electron
microscope (SEM) (JEOL, JSM-3600LV, Tokyo,
Japan). For each specimen, approximately 15 images
(100 x magnification) were obtained to observe the
entire length of the restored cavity. Software (Image],
National Institutes of Health, Bethesda, MD, USA)
was used to determine the sum length of debonded
segments and the entire perimeter of each restoration,
which were calibrated by the SEM image scale bar. The
percentage of the internal marginal gap was obtained
for each sample according to the following formula:

% gap = 100% x length of gap
total length of restoration

Statistical Analysis

The exploratory analyses of results were submitted to
the SPSS software (SPSS Inc., Chicago, IL, USA). The
normal distribution and homoscedasticity of the values
were conducted by Shapiro-Wilk and Levene tests,
and log-transformed data were required for intrapulpal
concentration and square root for the percentage of
internal gap values. The results were then submitted to
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one-way analysis of variance (ANOVA) (gap analysis),
and two-way ANOVA (intrapulpal concentration)
followed by the Tukey test, with a significance level
set at 5%.

RESULTS

According to the two-way ANOVA and Tukey test,
the concentration of the bleaching agents and the
restorative materials tested influenced the intrapulpal
concentration of peroxide (p=0.046, Table 3). The HP
intrapulpal concentration was higher when the high-
concentration agent (35% HP) was applied compared
to the low-concentration agent (9.5% HP), regardless
of the restorative material used (p<0.05). No differences
in the HP intrapulpal concentration were observed
among restorative materials (6>0.05) when exposed
to the low-concentration agent (9.5% HP). The
intrapulpal peroxide concentration following bleaching
with 35% HP was higher in teeth restored with non-
bioactive conventional (FZ; p=0.004) and bulk-fill (FB;
$=0.01) composite resins compared to RMGI. No
differences were observed among groups restored with
the bioactive composites (both conventional and bulk-
fill) and the other materials (p>0.05).

Representative images of LSCFM of each group
are presented in Figure 1. The control group, with
no bleaching procedures, exhibited rhodamine B dye
penetration through enamel and dentin. However, half
of the top enamel (in-depth) remained without staining
even after 7 days in rhodamine B solution. This same
pattern was observed in all samples, although some

differences between restorative materials groups and
bleaching agents were found. For both bleaching
procedures, the RMGI pattern of rhodamine B
staining remained similar to the unbleached control
group, characterized by a bright red color. The amount
of rhodamine B oxidized (loss of bright red) by 35%
HP was higher compared to 9.5% HP for all other
restorative materials tested. No difference was observed
regarding rhodamine B oxidation by bleaching agents
comparing non-bioactive and bioactive conventional
and bulk-fill composites. No bleaching procedure was
able to remove rhodamine B from dentin, possibly
due to the degree of dye saturation in each tooth. The
black spots in dentin, with no presence of green (dentin
autofluorescence), captured during the scanning mode
used, can indicate a lack of focus in this area. Regarding
the bonding interface, no differences were observed
between groups, and confocal images failed to identify
gap formation with the parameters used.

The percentage of internal marginal gap formation
is depicted in Table 4. AC presented the highest
percentage of gap formation, except when compared
to RMGI, which presented intermediate values. The
gap formation for AC, however, was always set at
the bottom of the cavity. Figure 2 shows that for all
restorative materials, no gap formation was observed
between the outer enamel and the bonding interface.

DISCUSSION

This study showed that high concentrations of
bleaching agents influenced the amount of HP in the

Table 3: Mean (Standard Deviation) of Hydrogen Peroxide Concentration (HP) into the Pulp Chamber
(ug/mL) of Restored Teeth, Submitted to Low- and High-concentration Bleaching Agents

Restorative Materials
(Brand Name)

9.5% HP 35% HP

Resin-modified glass ionomer
(RMGI -Riva Light Cure)

0.09 (0.06) Ba 0.27 (0.13) Ab

Non-bioactive bulk-fill composite
(FB - Filtek Bulk-fill)

0.09 (0.03) Ba 0.51 (0.38) Aa

Non-bioactive conventional composite
(FZ - Filtek Z350 XT)

0.07 (0.04) Ba 0.62 (0.55) Aa

Bioactive bulk-fill composites
(AC - Activa BioACTIVE)

0.09 (0.04) Ba 0.42 (0.29) Aab

Bioactive conventional composite
(BII - Beautifil II)

0.07 (0.02) Ba 0.43 (0.26) Aab

Abbreviations: HP, hydrogen peroxide.

restorative materials (columns).

Mean values followed by distinct letters differ statistically by 5%, according to two-way ANOVA
and Tukey test. Uppercase letters compare bleaching agents (rows) and lowercase letters compare
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Figure 1. Representative images of hydrogen peroxide at the interface of restored teeth under laser scanning confocal fluorescence
microscopy. (A): Control group (unbleached restored teeth). (B): Resin-modified glass ionomer - Riva Light Cure. (C): Bulk-fill composite
- Filtek Bulk-fill. (D): Conventional composite - Filtek Z350 XT. (E): Bulk-fill bioactive composite - Activa BioACTIVE. (F): Conventional
bioactive composite - Beautifil Il. (i): Bleached with 35% HRP (ii) Bleached with 9.5% HP. White arrows: indicate the oxidation, or not, of
rhodamine B in the enamel area). Abbreviation: HF, hydrogen peroxide.

Table 4: Mean (Standard Deviation) Percentage of Internal Gap Formation

Material
(Brand Names)

Resin-modified glass ionomer
(RMGI -Riva Ligh- Cure)

Non-bioactive Bulk-fill Composite
(FB - Filtek Bulk-fill)

Non-bioactive Conventional Composite
(FZ - Filtek Z350 XT)

Bioactive Bulk-fill Composites
(AC - Activa BioACTIVE)

Bioactive Conventional Composite
(BII - Beautifil II)

Gap (%)

16.90 (6.36) ab

12.52 (2.95) be

11.75 (5.54) bc

27.11 (12.11) a

6.09 (3.04) c

Means followed by the same letter are not statistically different (p>0.05). n = 5 specimens/
group.
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168 168 mm

Figure 2. Representative SEM images of enamel-restorative material interface. (A): Resin-modified glass ionomer - Riva Light Cure. (B):
Bulk-fill composite - Filtek Bulk-fill. (C): Conventional composite - Filtek Z350 XT. (D): Bulk-fill bioactive composite - Activa BioACTIVE. (E):
Conventional bioactive composite - Beaultifil Il. Abbreviations: SEM, scanning electron microscope.

pulp chamber of restored teeth. Therefore, the first
hypothesis was rejected. The results suggested that
intrapulpal concentration of peroxide was directly
related to the concentration of the bleaching agent,
as observed previously.”” In fact, the LSCFM images
demonstrated greater degradation of rhodamine
B by the high-concentration bleaching agent (35%
HP), which possibly displays similar clinical paths of
HP penetration.

According to Kwon and others," the immersion of the
specimens in rhodamine B for 7 days allowed adequate
enamel, dentin, and dentinoenamel junction staining.
Therefore, the black areas (interposed by the green
channel) may display the paths of HP penetration, by
the oxidation of rhodamine B. The spectrophotometry
analysis indicated the presence of HP into the pulp
chamber, but the images suggested degradation of
rhodamine in enamel and low signs of degradation in
dentin. This could be a limitation of the method, as the
bleaching agent was not able to degrade the whole dye
in dentin due to its saturation, but HP was able to reach
the pulp chamber. Also, for 9.5% HP, the oxidation
pattern of rhodamine B was different when comparing
RMGI and the other resin composites tested. This
difference can also suggest that RMGI may influence
the HP penetration compared to the other materials
when the lower concentration of HP is used, although
no difference was observed spectrophotometrically.

Penetration of bleaching agents in the pulp
chamber can be modulated according to peroxide
concentration,**%1% composition,” pH of bleaching
gels,” presence of restorations,'**? and enamel thickness
and morphological characteristcs.”® Previous studies
have emphasized that both the concentration and the

application time are able to influence the diffusion of
HP."*? These results were confirmed by others, who
observed that the longer the contact of the bleaching
agent with enamel, the greater was the penetration into
dental tissues.*

It has been observed that not only time, but the pH of
bleaching agents influence the rate of HP dissociation.
Alkaline bleaching gel increases the degradation rate
of HP into reactive oxygen species (ROS), and this
could reduce the risk of ROS penetration into the pulp
tissue due to the short lifetime of oxygen species.**
Besides, a bleaching agent with an acidic pH may
decrease enamel microhardness, increase roughness,
and possibly increase clinical sensitivity.*® The pH
of the bleaching agents used hereby exhibited acidic
values for both high (pH=3.7) and low (pH=5.7) agents.
Therefore, the pH of these agents may increase the
intrapulpal concentrations of HP.

The rheological properties of the bleaching agents are
among the factors that influence its behavior.**” Kwon
and others (2018) suggested that bleaching gels with
higher viscosity promoted lower intrapulpal peroxide
concentration than low and medium viscosity gels.”
Therefore, in addition to the other positive aspects of
the 9.5% HP agent (lower HP concentration, lower
contact time, and higher pH), its greater viscosity could
have contributed to the more favorable results.

The type of restorative material directly influenced
the intrapulpal HP concentration, as RMGI showed
lower penetration than the FB and FZ composites (non-
bioactive), when exposed to the high-concentration
agent. Based on this fact, the second null hypothesis was
rejected. A previous study suggested that the presence
of restorations and the use of high-concentration
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bleaching agents allow the diffusion and greater
amount of peroxide in the pulp chamber.® Although
no restorative material has been able to completely
prevent the penetration of HP, the final concentration
can be affected by the type, shape, and volume of
the material, which influence the polymerization
stress.>” Even though the literature is still controversial,
previous reports observed that the presence of marginal
microleakage in enamel restored with composite resin
exposed to different concentrations of bleaching agents
may favor the diffusion of the agent into the pulp.?%

In this study, RMGI restorations submitted to 35%
HP promoted lower HP intrapulpal concentration
when compared with non-bioactive materials (FB and
FZ). The presence of metal ions in the composition of
RMGI (AP, SiO,*, Ca*) could have interacted with
HP, resulting in the formation of oxides and hydroxyl
radicals (OH-), increasing peroxide degradation
immediately in the first contact of the restoration with
HP.* In addition, previous studies have shown that
RMGI (Riva Self Cure) presents good physical and
mechanical properties due to the arrangement of its
particles within the matrix, promoting good marginal
integrity, thus lowering the risk of peroxide diffusion
at the interface.”® Although bioactive composites also
release metal ions (Ca*, BO,”, Sr*, Si,*, Na", B*), these
are trapped in charged particles inside a polymeric
matrix, possibly impairing their releasing mechanism.

It should be noted that HP is able to alter the
physical, mechanical, and esthetic properties of
restorative materials. Contact with HP may influence
the surface roughness and porosity of the composites,™
promote crack formation, microhardness reduction®,
and change interface integrity.** Bleaching on S-PRG
(BII)-based bioactive composites led to an undesirable
effect on microhardness and marginal sealing of
restorations.** However, in another finding, the stable
mechanical properties of BII was observed, and these
results were attributed to the presence of greater
amounts of fillers, including large pre-polymerized
(besides S-PRG) fillers.* This finding corroborates the
fact that bioactive composites exhibit similar behavior
to traditional systems against bleaching protocols.

The restorations were submitted to thermal cycles in
order to age the interface and simulate a restoration
in use. Due to the temperature variation throughout
the 5,000 cycles, differences in the coefficient of thermal
expansion (CTE) of the materials may result in marginal
misadaptation and microleakage.*® Therefore, the use of
materials with a CTE close to the dental structure could
potentially reduce the HP penetration. In this context,
Sidhu and others (2004) observed that RMGI showed
low dimensional changes due to a compensatory effect

Operative Dentistry

at high and low temperatures.”’ At high temperatures,
a thermal contraction occurs due to dehydration;
however, in the cooling there is an expansion and
rehydration of the material. In composite resins, the
authors showed significant thermal expansions only
in heating,” and it was influenced by the amount of
inorganic particles, matrix composition, and degree
of polymerization.* Thus, RMGI possibly provided
lower stress at the interface and, consequently, lower
penetration of HP compared to other materials.

A self-etching multimode adhesive system (Single
Bond Universal - SBU) was used for all the resin
composites, which did not influence the material
behavior. SBU provides adequate bond strength results
due to the chemical interaction between the monomer
(10-MDP) and the dental substrate.® Possibly, the
formed adhesive layer prevented higher peroxide
concentration from reaching the pulp chamber,
confirmed by the integrity of enamel sealing in SEM
images (Figure 2). Since enamel bonding is more
reliable and durable than dentin bonding, and enamel
is the site of interest of the present study, we believe
that other adhesive systems could also provide similar
results. In addition, the gap observed at the adhesive
interface is more related to the resin composite
shrinkage after polymerization than to the adhesive
itself.?40

Regarding marginal adaptation, most authors
evaluate the use of bulk-fill composites in Class II
restorations. Clinically, stress distribution at the
restorative interface, such as gap formation, depends
on the C factor, bonding quality, restorative material
volume, and cavity geometry.*** The failures occur
mainly in the pulpal floor or in the internal angle of
the cavity, as the polymerization contraction vectors
point to the occlusal surface.*** In this study, the
bioactive bulk-fill composite (AC) indicated a higher
gap percentage, which may be related to the fused
consistency of this material, since it offers greater
polymerization contraction and less inorganic content.
In addition, the presence of low molecular weight
monomers increases methacrylate group density and
polymerization shrinkage.*** However, the integrity of
the enamel sealing might have prevented the internal
gaps to influence the HP penetration results.

It is important to emphasize that this study has
the inherent limitation of an in vifro evaluation, and
the several physiological conditions affecting the HP
diffusion, such as intrapulpal pressure of the dentinal
fluid, the presence of peroxidase and catalase enzymes,
and cytoplasmic extensions of odontoblasts, were not
reproduced.”" Moreover, bovine teeth are thicker and
present smaller dentin tubules in comparison to human
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teeth.* Since the higher permeability of human teeth
results in greater susceptibility to hydrogen peroxide
penetration, the present results should be cautiously
extrapolated to clinical conditions.”

Still, within the limitations of this @ witro study,
we recommend the use of low-concentration agents
for bleaching purposes in order to prevent high HP-
intrapulpal concentrations. Although restored teeth
with resin-modified glass ionomer cement presented
satisfactory results, the clinical applicability of this finding
is restricted. Therefore, this study does not discourage
the use of the other restorative materials tested.

CONCLUSION

In this study, the 35% HP in-office bleaching agent
(HP) significantly increased the concentration of
hydrogen peroxide into the pulp chamber compared
to low-concentration HP gel (9.5%), regardless of the
restorative material used. The intrapulpal concentration
and diffusion of hydrogen peroxide at the interface of
teeth restored with RMGI was significantly lower when
exposed to 35% HP compared to the non-bioactive
resin composites tested.

Acknowledgement

The authors are grateful for the Oral Biochemistry Laboratory
of the Piracicaba Dental School - UNICAMP. This study was
financed in part by Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior - Brasil (CAPES), Finance Code 001.

Regulatory Statement

This research was conducted respecting the rules of the local
Ethical and Research Committee and the policies of the
University.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any
nature or kind in any product, service, and/or company that
is presented in this article.

(Accepted 22 August 2020)

REFERENCES

1. Ubaldini ALM, Baesso ML, Medina Neto A, Sato F, Bento AC,
& Pascotto RC (2013) Hydrogen peroxide diffusion dynamics in
dental tissues Journal of Dental Research 92(7) 661-665.

2. Kwon SR & Wertz PW (2015) Review of the mechanism of tooth
whitening Journal of Esthetic and Restorative Dentistry 27(5) 240-
257. doi: 10.1111/jerd.12152.

3. Gokay O, Yilmaz F, Akin S, Tungbilek M, & Ertan R (2000)

10.

11.

12.

13.

14.

15.

16.

17.

Penetration of the pulp chamber by bleaching agents in teeth
restored with various restorative materials Fournal of Endodontics

26(2) 92- 94.

. Marson FC, Gongalves RS, Silva CO, Cintra LTA, Pascotto RC,

Santos PH, & Briso AL (2015) Penetration of hydrogen peroxide
and degradation rate of different bleaching products Operative
Dentistry 40(1) 72-79.

. Costa CA, Riehl H, Kina JF, Sacono NT, & Hebling J (2010)

Human pulp responses to in-office tooth bleaching Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology and Endodontology
109(4) e59-e64.

. Soares DGS, Ribeiro AP, Sacono N'T, Coldebella CR, Hebling ],

& Costa CA (2011) Transenamel and transdentinal cytotoxicity of
carbamide peroxide bleaching gels on odontoblast-like MDPC-
23 cells International of Endodontics Journal 44(2) 116-125.

. Lima AF, Ribeiro AP, Soares DG, Sacono NT, Hebling J, & de

Souza Costa CA (2013) Toxic effects of daily applications of 10%
carbamide peroxide on odontoblast-like MDPC-23 cells Acta
Odontologica Scandinavica 71(5) 1319-1325.

. Basting RT, Amaral FL, Franca FM, & Flério FM (2012)

Clinical comparative study of the effectiveness of and tooth
sensitivity to 10% and 20% carbamide peroxide home-use and
35% and 38% hydrogen peroxide in-office bleaching materials
containing desensitizing agents Operative Dentistry 37(5) 464-473.
doi:10.2341/11-337-C

. Markowitz K (2010) Pretty painful: why does tooth bleaching hurt?

Medical Hypotheses 74(5) 835-40. doi: 10.1016/j.mehy.2009.11.044

Soares DG, Basso FG, Pontes ECV, Garcia L da F, Hebling ],
& de Souza Costa CA (2014) Effective tooth-bleaching protocols
capable of reducing H(2)O(2) diffusion through enamel and
dentine fournal of Dentistry 42(3) 351-358.

Cintra LTA, Benetti F, da Silva Facundo AC, Ferreira LL, Gomes-
Filho JE, Ervolino E, Rahal V, & Briso AL (2013) The number
of bleaching sessions influences pulp tissue damage in rat teeth
Journal of Endodontics 39(12) 1576-1580.

Cavalli V, Silva BG, Berger SB, Abuna G, Marson FC, Tabchoury
C, & Giannini M (2017) Effect of adhesive restoration and
bleaching technique on the concentration of hydrogen Peroxide
in the pulp chamber Operative Dentistry 42(2) e44-E54.

Pfeifer CS (2017) Polymer-based direct filling materials Dental
Clinics  of North  America  61(4) 733-750.  doi:10.1016/].
cden.2017.06.002

Yu P, Yap A, & Wang XY (2017) Degree of conversion
and polymerization shrinkage of bulk-fill resin-based
composites Operative Dentistry 42(1) 82-89. doi:10.2341/16-027-L

Garoushi S, Vallittu PK, & Lassila L (2018) Characterization of
fluoride releasing restorative dental materials Dental Materials
Journal 37(2) 293-300. doi:10.4012/dmj.2017-161

May E & Donly KJ (2017) Fluoride release and re-release from a
bioactive restorative material American Journal of Dentistry 30(6)
305-308.

Queiroz CS, Hara AT, Paes Leme AF, & Cury JA (2008) pH-cycling
models to evaluate the effect of low fluoride dentifrice on enamel
de- and remineralization Brazilian Dental Journal 19(1) 21-27.

$S8008 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yrewsiem-jpd-swiid//:sdny woll papeojumo(



E168

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Berger SB, Tabchoury CP, Ambrosano GM, & Giannini
M (2018) Hydrogen peroxide penetration into the pulp
chamber and dental permeability after bleaching General
Dentistry 61(3) e21-e25.

Kwon SR, Wertz PW, Li Y, & Chan DC (2012) Penetration
pattern of rhodamine dyes into enamel and dentin: confocal laser
microscopy observation International jJournal of Cosmetic Science
34(1) 97-101.

Kury M, Perches C, da Silva DP, André CB, Tabchoury CPM,
Giannini M, & Cavalli V (2020) Color change, diffusion of
hydrogen peroxide, and enamel morphology after in-office
bleaching with violet light or nonthermal atmospheric plasma:
An in vitro study Journal of Esthetic and Restorative Dentistry 32(1)
102-112. doi:10.1111/jerd.12556

Balladares L, Alegria-Acevedo LF, Montenegro-Arana A, Arana-
Gordillo LA, Pulido C, Salazar-Gracez MT, Reis A, & Loguercio
AD (2019) Effects of pH and application technique of in-office
bleaching gels on hydrogen peroxide penetration into the pulp
chamber Operative Dentistry 44(6) 659-667. doi: 10.2341/18-148-L

Klein CA Jr, da Silva D, Reston EG, Borghetti DL, & Zimmer
R (2018) Effect of at-home and in-office bleaching on marginal
microleakage in composite resin restorations using two adhesive
systems fournal of Contemporary Dental Practice 19(3) 248-252.

Moncada G, Sepulveda D, Elphick K, Contente M, Estay ],
Bahamondes V, Fernandez E, Oliveira O, & Martin J (2013)
Effects of light activation, agent concentration, and tooth
thickness on dental sensitivity after bleaching Operative Dentustry
38(5) 467-476.

Acuna ED, Parreiras SO, Favoreto MW, Cruz GP, Gomes A,
Borges CPF, Loguercio A, & Reis A (2019) In-office bleaching
with a commercial 40% hydrogen peroxide gel modified to have
different pHs: Color change, surface morphology, and penetration
of hydrogen peroxide into the pulp chamber Fournal of Esthetic
and Restorative Dentistry 20 doi:10.1111/jerd.12453.

Llena C, Martinez-Galdén O, Forner L, Gimeno-Mallench L,
Rodriguez-Lozano FJ, & Gambini ] (2018) Hydrogen peroxide
diffusion through enamel and dentin Materials (Basel) 11(9) 1694.

Loguercio AD, Servat F, Stanislawczuk R, Mena-Serrano A,
Rezende M, Prieto MV, Ceretio, Rojas MF, Ortega K, Fernandez
E, & Reis A (2017) Effect of acidity of in-office bleaching gels
on tooth sensitivity and whitening: a two-center double-blind
randomized clinical trial Clnical Oral Investigations 21(9) 2811-
2818. doi:10.1007/s00784-017-2083-5

Kwon SR, Pallavi F, Shi Y, Oyoyo U, Mohraz A, & Li Y (2018)
Effect of bleaching gel viscosity on tooth whitening efficacy and
pulp chamber penetration: an in vitro study Operative Dentistry
43(3) 326-334.

Piemjai M & Lenglerdphol S (2018) Effect of strong tooth-
bleaching with 38% hydrogen peroxide on marginal seal of
dental restorations using self-etch and total-etch adhesives Fournal
of Esthetic and Restorative Dentistry 30(2):153-159.

Hashemikamangar SS, Ghavam M, Mahinfar N, & Kharazi
Fard MJ (2014) Effect of 30% hydrogen peroxide on marginal
integrity of silorane-based versus methacrylate- based composite
restorations Journal of Dentistry of Tehran University of Medical
Sciences 11(5) 545-553.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Operative Dentistry

Lin SS & Gurol MD (1998) Catalytic decomposition of hydrogen
peroxide on iron oxides: kinetics, mechanism and implication
Environmental Science and Technology 32(10) 1417-1423.

Barata TJE, Bresciani E, Adachi A, Fagundes TC, Carvalho
CAR, & Navarro MFL (2008) Influence of ultrasonic setting on
compressive and diametral tensile strengths of glass ionomer
cements Materials Research 11(1) 57-61.

Fernandes RA, Strazzi-Sahyon HB, Suzuki TYU, Briso ALF,
& Dos Santos PH (2020) Effect of dental bleaching on the
microhardness and surface roughness of sealed composite
resins. Restorative Dentistry & Endodontics; 45(1) e12. doi:10.5395/
rde.2020.45.e12

Hatanaka GR, Abi-Rached F de O, Almeida-Janior AA, &
Santos Cruz CA (2013) Effect of carbamide peroxide bleaching gel
on composite resin flexural strength and microhardness Brazilian

Dental Journal 24(3) 263-266. doi:10.1590/0103-6440201302155

Kimyai S, Bahari M, Naser-Alavi F, & Behboodi S (2017) Effect
of two different tooth bleaching techniques on microhardness
of giomer Journal of Clinical and Experimental Dentistry 9(2)
€249-¢253.

Garoushi S, Vallittu PK, & Lassila L (2018) Characterization of
fluoride releasing restorative dental materials Dental Materials

37(2) 293-300.

Ghavami-Lahiji M, Firouzmanesh M, Bagheri H, Jafarzadeh
Kashi TS, Razazpour F, & Behroozibakhsh M (2018) The effect
of thermocycling on the degree of conversion and mechanical
properties of a microhybrid dental resin composite Restorative
Dentistry Endodontics 43(2) €26. doi:10.5395/rde.2018.43.e26

Sidhu SK, Carrick TE, & McCabe JF (2004) Temperature
mediated coefficient of dimensional change of dental tooth-
colored restorative materials Dental Materials 20(5) 435-40.

Mena-Serrano A, Kose C, De Paula EA, Tay LY, Reis A,
Loguercio AD, & Perdigao J (2013) A new universal simplified
adhesive: 6-month clinical evaluation fournal of Esthetic and
Restorative Dentistry 25(1) 53-69.

Benetti A, Havndrup-Pedersen C, Honoré D, Pedersen M, &
Pallesen U (2015) Bulk-fill resin composites: polymerization

contraction, depth of cure, and gap formation Operative Dentistry
40(2) 190-200.

Borges ALS, Borges AB, Xavier TA, Bottino MC, & Platt JA
(2014) Impact of quantity of resin, C-factor, and geometry on resin
composite polymerization shrinkage stress in Class V restorations
Operative Dentistry 39(2) 144-51.

Hirata R, Clozza E, Giannini M, Farrokhmanesh E, Janal M,
Tovar N, Bonfante EA, & Coelho PG (2015) Shrinkage assessment
of low shrinkage composites using micro-computed tomography
Journal of Biomedical Materials Research B Applied Biomaterials
103(4) 798-806.

Furness A, Tadros MY, Looney SW, & Rueggeberg FA (2014)
Effect of bulk/incremental fill on internal gap formation of bulk-
fill composites Fournal of Dentistry 42(4) 439-449.

Braga RR, Ballester RY, & Ferracane JL (2005) Factors involved
in the development of polymerization shrinkage stress in
resin-composites: a systematic review Dental Materials 21(10)
962-970.

$S8008 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yrewsiem-jpd-swiid//:sdny woll papeojumo(



Silva & Others: Concentration of Hydrogen Peroxide in the Pulp Chamber of Restored Teeth E169

44. Dewaele M, Truffier-Boutry D, Devaux J, & Leloup G (2006)
Volume contraction in photocured dental resins: the shrinkage-
conversion relationship revisited Dental Materials 22(4) 359-365.

45. Ferracane JL & Mitchem JC (2003) Relationship between
composite contraction stress and leakage in Class V cavities
American Journal of Dentistry 16(4) 239-243.

46. Yassen GH, Platt JA, & Hara AT (2011) Bovine teeth as substitute

47.

for human teeth in dental research: a review of literature Jfournal
of Oral Science 53(3) 273-282.

Camargo SE, Valera MC, Camargo CHR, Gasparoto Mancini
MN, & Menezes MM (2007) Penetration of 38% hydrogen
peroxide into the pulp chamber in bovine and human teeth
submitted to office bleach technique Fournal of Endodontics 33(9)
1074-1077. doi:10.1016/j.joen.2007.04.014

$S8008 98] BIA Z0-60-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yrewsiem-jpd-swiid//:sdny woll papeojumo(



