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INTRODUCTION

ABSTRACT

Background and Aim: This study aimed to evaluate the effects of bleaching agents
on the fracture resistance of endodontically treated teeth using different intraorifice
barrier (IOB) materials. Materials and Methods: The endodontic treatment
was performed for 160 mandibular premolars, and then, the teeth were divided
into four groups according to the IOB: Ionoseal, Biodentine, ProRoot MTA, and
TheraBase. Then, these teeth were subdivided into four subgroups (n = 10) based
on the bleaching agents as distilled water (control), hydrogen peroxide 35% (HP),
sodium perborate (SP), and carbamide peroxide 37% (CP). The access cavities were
restored with composite resin after applying the bleaching agents for 7 days. The
fracture resistance test was performed using a universal testing machine. Data were
statistically analyzed, and the significance level was set at 5%. A scanning electron
microscope was used to evaluate the effect of bleaching agents on the surfaces of
IOBs. Results: The highest fracture resistance values were observed in Biodentine
groups with significant differences compared to Ionoseal and ProRoot MTA (P
<.05). The distilled water groups showed significantly the highest fracture resistance
compared to SP and HP groups (P <.05). There was no significant difference
between SP, HP, and CP groups (P >.05). It was demonstrated that the morphological
surface of the intact IOBs (control) was different from the surface of IOBs treated
with bleaching agents. Conclusion: The intracoronal bleaching procedures affected
negatively the fracture resistance of the endodontically treated teeth.

KEYwoORDS: Biodentine, bleaching, fracture resistance, intraorifice barrier,
therabase

following the changing chemical structure of dentin
and the physical properties of dental hard tissues. Thus,

ntracoronal bleaching is a conservative and effective

treatment procedure to bleach the discolored teeth
which are endodontically treated. Both thermocatalytic
and walking bleach techniques are often accommodated
to be used in non-vital tooth bleaching. Because of the
risk of cervical root resorption, the walking bleaching
technique is the most preferred method for intracoronal
bleaching regarding the thermocatalytic method.!"

Peroxides are the main substances that play an essential
role in bleaching.”! Hydrogen peroxide (HP) is the most
frequently used strong oxidizing bleaching agent in
different concentrations with low molecular weight and
high oxidation power. HP causes an increase in dentin
permeability and weakening of dental hard tissues,
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it has led to the investigation of alternative bleaching
agents which show the same effectiveness as HP but do
not have related complications. Sodium perborate (SP)
mixed with water and carbamide peroxide (CP) are
potentially safer alternatives to hydrogen peroxide due to
low peroxide diffusion into the radicular tissues.*-! SP,
which is accepted as urea peroxide, may be used either
alone or in a combination of HP and CP to improve
the capability of its bleaching effect.*” CP, which is
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also known as urea hydrogen peroxide, is a hydrogen
peroxide derivative bonded with urea.®

Diffusion of the bleaching agent from the pulp chamber
to the radicular region is critical for endodontically
treated teeth. Peroxide diffusion can make changes in the
chemical structures of enamel and dentin which affect
the fracture resistance, in addition to the mechanical
fragility due to access cavity preparation.'"! Therefore,
it would be necessary to seal intraorifice of roots with
a protective base material. Intraorifice barrier (IOB)
materials not only prevent peroxide diffusion into the
surrounding tissues but also provide resistance against
the forces that cause root fracture.'!!

To date, although the ideal material has not yet been
understood, various materials have been proposed to
be used as an intraorifice canal barrier.'>"*! For this
purpose, glass ionomer cement (GIC) has the most
widely recommended intraorifice barrier.!'” Nowadays,
bioactive materials including Biodentine (BD; Septodont,
Saint-Maur-des-Fosses, France) and ProRoot
MTA (MTA; Dentsply Tulsa Dental Specialties,
Memphis, TN) are utilized as a coronal barrier due
to their high marginal adaptation, biocompatibility,
and abilities to allow favorable seal properties.['4]
TheraBase (Bisco, Schaumburg, IL, USA) is a newly
produced material that is a dual-cure and self-adhesive
base-liner. TheraBase releases calcium and fluoride and
chemically bonds to tooth structures. It has radiopaque
features, permitting easy evaluation on radiographs.!”

To our knowledge, during the intracoronal bleaching
process, there is no laboratory or clinical studies that
evaluated TheraBase material in comparison to other
types of intraorifice barriers. Thus, the current study
aimed to assess the effects of HP, SP, and CP bleaching
agents on fracture resistance using lonoseal, Biodentine,
ProRoot MTA, and TheraBase intraorifice barrier
materials of endodontically treated teeth.

MATERIALS AND METHODS

The present study was approved by the Scientific
Research Ethics Evaluation Board with protocol
number (2022/99-1478). A total of 160 mandibular
second premolars were collected for this study and
stored in the solution of physiologic saline. Inclusion
criteria were teeth with a single canal, mature, and
single apical foramen, free of carries or filling, without
fracture, without calcification or resorption, and
with approximate lengths (20 = 1 mm). Preoperative
radiographs for all teeth were taken, and the curvature of
the roots was measured digitally according to Schneider
classification.'® The teeth that had a curvature angle of
more than 5° were excluded. The criterion dimensions

of the collected teeth were 6 mm for buccolingual and
8 mm for mesiodistal. To obtain standardization, teeth
with a variation of more than 10% from these values
were excluded.

After that, the access cavities for the teeth were prepared
and standardized by a 2-mm-diameter round and fissure
burs (Komet Italia Srl, Milan, Italy). Then, a K-file size
15# (Dentsply Maillefer, Ballaigues, Switzerland) was
advanced inside the root canal until seeing the tip of the
file from the apex, and this length was measured. The
canal’s working length (WL) was counted by subtracting
1 mm from the first measured length. Thereafter, root
canal preparation was performed using SX, S1, S2,
F1, F2, and F3 rotary files, respectively, by ProTaper
Universal NiTi rotary system (Dentsply Maillefer).
These files were driven by X-Smart Plus Endomotor
(Dentsply Maillefer) at a 16:1 gear reduction with a
hand-piece set at 250 rpm. The root canal irrigation
procedures were as follows: 5.25% sodium hypochlorite
between the files at a total of 20 mL per canal, 17%
EDTA for 5 min at 5 mL, and 15 mL of physiological
saline as a final irrigant. The root canals were dried using
appropriate paper points (Dentsply Maillefer) and then
were obturated with gutta-percha (Dentsply Maillefer)
and AH Plus sealer (Dentsply DeTrey, Konstanz,
Germany) using the lateral compaction technique.
Periapical radiographs were taken for all teeth to
evaluate the fineness of the root canal filling. The pulp
chamber was then cleaned by a cotton pellet saturated
with 70% ethanol which was used to rub the access
cavity and washed with distilled water for 1 min,
followed by air spray for 3 s. Thereafter, to obtain a
space for the intraorifice barriers, the gutta-percha was
cut off at the level of the cementoenamel junction. The
coronal part of the obturation materials was removed
using a heated plugger by measuring 3 mm apically of
the cementoenamel junction. The measurements were
achieved using a periodontal explorer and periapical
radiographs.

The prepared samples were divided randomly into four
groups based on the I0B as follows: group 1 (Ionoseal):
The orifices in this group were sealed using injectable
resin-modified glass-ionomer cement (lonoseal, VOCO,
Cuxhaven, Germany) depending on the manufacturer’s
guidance. Ionoseal cement was light-cured with an LED
light polymerizing unit (Woodpecker; Guangxi, China)
for 20 seconds; group 2 (Biodentine): According to the
manufacturer’s suggestions, the powder and liquid of
the Biodentine were mixed and the mixture was placed
into the prepared orifices; group 3 (ProRoot MTA): The
powder and liquid of the ProRoot MTA were mixed
depending on the manufacturer’s commands and placed
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in the orifices as an 10B; and group 4 (TheraBase):
The tip of the tube was placed into the orifice, and
the mixture was injected to fill the 3 mm space in the
orifice.

Subsequently, a moistened cotton pellet was placed
over the IOB cement into the pulp chamber, and
the access cavities were filled with a temporary
filling (Cavit; 3M-ESPE, St. Paul, MN, USA). These
specimens were stored for 1 week in a 37 °C water bath
to complete the setting of IOB materials. After removing
the temporary filling and the cotton pellet, the samples
were divided into four subgroups (n = 10) according to
the bleaching agent as SP (Sodium perborate tetrahydrate
powder, Merck, KGaA), HP 35% (Hydrogen peroxide
gel, Opalescence Endo, Ultradent, South Jordan, UT,
USA), CP 37% (Carbamide Peroxide; FGM, SC, Brazil),
and distilled water as the control group.

Intracoronal bleaching procedures were performed
by applying the SP bleaching agent after mixing
SP powder with distilled water in a 2 g:1 ml ratio in
the SP groups. The ready-to-use gels of HP and CP
were injected into the pulp chamber according to the
manufacturer’s instructions. Then, the bleaching agent
was covered with Teflon taped, and the access cavity
was filled with a temporary filling. The bleaching
procedure was not applied in the control groups. After
that, to complete the bleaching process, the specimens
were preserved in a water bath for 1 week at 37 °C to
mimic the clinical conditions. Following this period, the
temporary filling and bleaching agent were removed,
and the access cavities were restored using Z100
Filtek Composite Resin (3M-ESPE) and Single Bond
Adhesive (3M-ESPE) depending on the manufacturer’s
recommendations. Then, the samples were preserved in
the water bath for 3 months at 37 °C.

Fracture test

The roots were covered by a layer of dental wax to
simulate the periodontal ligament, and then the teeth
were entombed in self-curing acrylic blocks allowing
2 mm of the cervical region uncovered. After that,
the samples were examined in a universal testing
machine (EZtest-500 N Shimadzu; Kyoto, Japan).
A custom loading tool made of stainless steel with a
2-mm spherical tip was located at the center of the
occlusal surface. A compressive force was applied until
fracture occurred at a crosshead speed of 1 mm/min.
The required forces to break each tooth were registered
in newton (N).

Scanning electron microscope (SEM) evaluation

SEM was used to evaluate the influence of bleaching
agents on IOB materials. Sixteen cylindrical acrylic
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molds (15 mm in diameter and 15 mm in high) with
a central hole of 6 mm high and 3 mm diameter were
prepared. These models were divided into 16 groups
according to the experimental and control groups in
this study. The IOB materials were placed in the bottom
of the prepared holes at 3 mm thickness. The surfaces
of IOB materials were smoothed with silicon carbide
papers 600- and 1000-grit silicone. The techniques
used for placing the materials, bleaching procedure, and
incubation periods in the present study were applied for
these models. After removing the temporary filling and
cotton pellet, the surface of the materials was rinsed with
distilled water and then dried with air for 5 s. For SEM
evaluation, the surfaces of the specimens were coated
with gold using a vacuum evaporator (Emitech Sputter
Coater, Paris, France). Then, they were examined using
SEM (JSM-6610LV; JEOL, Tokyo, Japan) under X1000
magnification.

Statistical analysis

The statistical analysis was performed using a
software program (IBM SPSS Statistics, v26; IBM
Corp). To verify the assumption of normality of data,
Shapiro—Wilk test was used in this study. Because of
the normal distribution (P >.05), parametric tests were
used. Two-way ANOVA was performed to evaluate the
effects of different IOB and bleaching agent materials
on fracture resistance. Tukey’s test was then performed
for multiple comparisons, and the statistical significance
level was set at 5%.

RESULTS

The mean values of the fracture resistance and
standard deviation with the results of Tukey’s multiple
comparison test are presented in Table 1. Depending on
the statistical analysis, the IOB material (P = 0.000) and
bleaching agent (P = 0.008) affected significantly the
fracture resistance, while the interaction between I0OB
material and bleaching agent had an insignificant effect
on the fracture resistance (P = 0.094). Regardless of
the bleaching agent type, the highest fracture resistance
values were observed in Biodentine IOB groups with
significant differences compared to Ionoseal and
ProRoot MTA groups (P <.05). Although the fracture
resistance values of Biodentine groups were higher than
those in TheraBase groups, the statistical difference
was not significant (P >.05). The statistical difference
between Ionoseal, ProRoot MTA, and TheraBase was
insignificant (P >.05). Regardless of the IOB materials,
the distilled water groups reported significantly the
highest fracture resistance means compared to SP
and HP groups (P <.05), while the difference between
distilled water and CP groups was not significant

Cor_|



SMIAGZIUMIPXZOBBAeOATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXYOHISABZIYT1+erNIOITWNOIZTARY HJaSHNAYG Aq doluj/wooa mm| sjeulnoly/:dny wouy papeojumoq

€202/6T/¥70 Uo

Abduljalil, et al.: Intracoronal bleaching and fracture resistance

Table 1: Mean values of the fracture resistance and standard deviation with the results of Tukey’s multiple
comparison test

10B material Bleaching Agent

SP HP CP Distilled Water Total
Ionoseal 649+219 916+312 893+333 12904336 937+373°
Biodentine 1300+321 1172+403 1240+488 12994265 12534368
ProRoot MTA 957£160 1009+351 964+328 1122+193 1013+268°
TheraBase 1090+242 986+304 1163+269 1154+196 1098+256*"
Total 999+3348 102143458 1065+£377A8 12162574 10754339

The different superscript uppercase letters represent significant differences in bleaching agents (P<0.05). Different superscript lowercase
letters represent significant differences in IOB materials (P<0.05). IOB: intraorifice barrier, SP: sodium perborate, HP: hydrogen peroxide,

CP: carbamide peroxide

Figure 1: Scanning electron micrographs at magnifications of x1000
showing the differences between the I0B surfaces with and without
applying bleaching agents, (a) IOB without bleaching, (b-d) IOB after
bleaching with HP, SP, and CP, respectively

(P >.05). The difference between SP, HP, and CP groups
was statistically insignificant (P >.05).

SEM images of the effect of bleaching agents on 10B
materials are presented in Figure 1. The results of
SEM evaluations showed the differences between the
morphological surfaces of IOB before (control) and after
bleaching agents application. In general, the SEM views
of the different IOB materials when using the same
bleaching agent were similar. The surfaces of the IOB
materials in control groups revealed needle-like crystals
or clusters of globular and cubic crystals. HP and CP
groups showed a honeycomb pattern with woodpecker
holes on the cement surface. Globular and rod-like
structures were noticed in the surfaces of IOB in SP
groups. The presence of needle-like crystals was rare in
the bleaching agents’ groups compared to control groups.

DiScuUSSION

Recently, intracoronal bleaching techniques are used
for whitening discolored endodontically treated teeth.!'”!
Using bleaching agents such as HP, SP, or CP could
affect the structure of the tooth negatively due to the

permeation of the bleaching agent into the dentinal
tubules, its transmission from the cementum into the
periodontal ligament tissues, and the change in pH.!'!
Thus, to reduce this effect, using IOB materials such
as Ionoseal, Biodentine, ProRoot MTA, and TheraBase
is essential to avoid the bleaching agents into the
periodontal ligaments.'”) However, this study aimed to
assess the effect of HP, SP, and CP bleaching agents
on those IOB materials in terms of fracture resistance
because of the insufficient information about the
influence of these different types of bleaching agents
and IOBs in the literature.

In the current study, mandibular second premolar
teeth were used because these teeth are more available
and frequently extracted for orthodontic treatment.
In addition, finding morphologically similar teeth
of mandibular premolars could be easier than other
teeth. However, it was preferred to use human teeth
in this study to mimic the clinical situations which is
inconsistent with previous studies which preferred to
use bovine teeth.?*?2! Another reason to use mandibular
second premolar teeth in this study is that locating the
loading fixture at the same point for all teeth could
be easier to obtain than the anterior teeth. Fixing the
loading tool on the palatal surface of the anterior teeth
may cause sliding of that tool on the crown surface
and may affect the fracture values. Therefore, the
standardization between all teeth in all groups could be
higher when using mandibular second molar teeth.

The present study’s results showed that the IOB material
and bleaching agent affected significantly the fracture
resistance, while the interaction between IOB material
and bleaching agent had an insignificant impact on the
fracture resistance. These findings were in agreement
with the previous studies.** Conversely, Oskoee et al.*”
stated that the fracture resistance was not affected when
using different types of IOB materials.

Regardless of the bleaching agent type, the Biodentine
IOB groups showed the highest fracture resistance

» Nigerian Journal of Clinical Practice | Volume 26 | Issue 1 | January 2023
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with significant differences compared to Ionoseal and
ProRoot MTA groups according to this study’s results.
In a previous study, it was stated that Biodentine
increased the force required to break the roots compared
to the control groups which was in agreement with our
results.?* Also, Chauhan et al.*! stated in their paper
that Biodentine had the highest mean fracture resistance
compared to other IOB materials. The superior
properties of Biodentine could be due to the smaller
particle size and uniform structure of this material,
which increases the adhesion ability of Biodentine into
dentinal tubules.? In addition, the penetration capacity
within the dentinal tubules and the micromechanical
anchor are other reasons. Furthermore, Biodentine has
a compressive strength similar to dentin that allows for
well distribution of stresses along the tooth-restoration
interface during occlusal loading.*” The weak properties
of MTA to strengthen roots are probably a result of
its lack of bonding to dentin and its weakness under
tension forces, which is considered another reason for
these findings.® Although glass ionomer is chemically
bonding to dentin, did not improve its sealing properties
over MTA.*! Conversely, Uzunoglu et al.*” stated that
the difference between Biodentine and ProRoot MTA
IOB groups was insignificant. However, the present
study showed that the differences between Ionoseal,
ProRoot MTA, and TheraBase IOB materials in terms
of fracture resistance were statistically insignificant.
Inconsistent with these findings, Nagas et al.*¥! found
that fracture resistance of teeth was significantly
influenced by the type of IOB in which resin-modified
GIC (Vitremer) groups had higher fracture resistance
values than MTA groups.

The TheraBase material used in the present study as
IOB material showed higher fracture resistance mean
than Ionoseal and ProRoot means but lower than
Biodentine groups. However, the statistical differences
between TheraBase group and the other IOBs groups
were insignificant. To the best of our knowledge, there
is no previous study estimated the TheraBase material as
IOB in terms of fracture resistance.

Regardless of IOB type, the present findings stated
that the distilled water (control) groups had the highest
fracture resistance values than SP, HP, and CP groups
with significant differences compared to SP and HP
groups. Similarly, recent studies reported that all
bleaching agents and protocols reduced significantly
fracture resistance compared to unbleached teeth.!'”3!
Oskoee et al.?® reported that the difference in HP and
SP groups was significant from the control group but
that with CP was insignificant which was in agreement
with our findings. Also, this study presented that the

Nigerian Journal of Clinical Practice | Volume 26 | Issue 1 | January 2023

differences between the three bleaching agent groups
regarding fracture resistance were insignificant which
was inconsistent with previous studies.?**!! However,
these results could be related to some factors. One of
these factors is the mechanism of bleaching agent
action on dentin tissue and the duration of exposure.
HP bleaching agent has a high oxidation potential
which causes the breaking down of polypeptide
chains of dentin by hydroxyl radicals. Also, collagen
and hyaluronic acid, which are connective tissue
compositions, are decomposed, and the organic content
of dentin is absorbed. These changes in the structure of
dentin increase permeability and decrease its elasticity
and hardness.?” Another factor that reduces the fracture
resistance after the bleaching procedure could be the
acidic pH of HP which is lower than the critical peak
of the enamel. This low pH can demineralize enamel
hard tissue. The high concentration of sodium and
chloride ions and the low concentrations of calcium
and phosphate ions in the bleaching agent could be
another reason for enamel’s demineralization. These
demineralization actions to enamel reduce the saturation
of hydroxyapatite which in turn decreases the fracture
resistance.P*%!

SEM was used in the current research to evaluate
the effect of bleaching agents on the surface of IOB
materials. It was demonstrated that the morphological
surface of the intact IOB materials (control) was
different from the surface of IOB materials treated with
bleaching agents. In general, the SEM views of the
different IOB materials when using the same bleaching
agent were similar. The SEM images showed that the
needle-like crystal shape of I0Bs was lost after the
bleaching agent’s application and a honeycomb pattern
with woodpecker holes were observed. These findings
were reported in similar recent studies which could
be due to the removal of needle-like crystals of I0B
materials after exposure to the low pH conditions of
bleaching agents.?**] Sismanoglu et al.P® stated that
many defects after SEM examination, such as globular,
rod-like, woodpecker holes, cracks, and capillary gaps,
were revealed in the MTA cement surface compared
with the control groups which was similar to the
findings of this study. Similarly, Tsujimoto et al.P”
detected morphological differences on the surface of
MTA cement according to the acidic pH of HP. They
observed a noticeable reduction in the Ca/Si ratio with
the release of calcium ions from the IOB surface.

In the present study, the bleaching procedure period
was planned to be 7 days. Clinically, the intracoronal
bleaching procedures can be repeated for 2 or even 3
sequential times up to 21 days. However, the influences

Cos|
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of the 7-day bleaching procedure could be predominantly
lower than the repeated procedures. In addition, this
ex vivo study was lack of aging procedures including
chewing simulation and thermal cycling with mechanical
loading. Thus, these points have to be considered in
future researches.

Within the limitations of this in vitro study, it could be
concluded that the intracoronal bleaching procedures
affected negatively the fracture resistance of the
endodontically treated teeth. SP and HP bleaching agents
reduced significantly the fracture resistance compared
with the control groups. In addition, Biodentine IOB
material showed the highest fracture resistance values
than the other IOB materials with significant differences
compared to Ionoseal and ProRoot MTA.
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