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Intracoronal Introduction: Tooth discoloration following trauma or endodontic treatment is commonly

bleaching, managed using intracoronal bleaching. However, bleaching agents can diffuse through dentinal

hydrogen tubules and cause external cervical resorption. Placement of an intraorifice barrier is therefore

peroxide, recommended to limit peroxide penetration and protect surrounding tissues.

sodium S . . . . .
erborate Objectives: The present study aimed to evaluate the effectiveness of three different intraorifice

?ntraoriﬁ(;e barrier materials named GIC, ProRoot MT, and Biodentine against cervical penetration of

barrier commonly used bleaching.

Biodentine, Methods: A total of 120 extracted single-rooted permanent teeth were endodontically treated and

MTA randomly allocated to three barrier groups (GIC, MTA, Biodentine) and one control group (no
barrier). Each group was further subdivided based on bleaching agent HP, SP, and HP+SP.
Peroxide penetration was quantified after 7 days using a titration-based hydrogen peroxide testing
kit.

Results: Data were analyzed using one-way ANOVA with Tukey’s post hoc test. All barriers
significantly reduced peroxide penetration compared to controls (p < 0.05). Biodentine
consistently showed lowest penetration across all bleaching agents and least with SP (HP: 0.241 +
0.0107 ppm; SP: 0.199 £ 0.0491 ppm; HP+SP: 0.210 £ 0.0272 ppm). MTA demonstrated similar
efficacy to Biodentine (p > 0.05), while GIC exhibited the highest permeability.

Conclusions: Intraorifice barriers play a critical role in reducing peroxide penetration. Among
which Biodentine provided most effective sealing, followed by MTA, while GIC showed inferior
performance. Biodentine combined with sodium perborate was the safest option, minimizing
peroxide leakage.

discoloration,[!l impacting self-esteem and quality of
life of individuals. Thus, with increasing cosmetic

1. Introduction

Tooth discoloration may be caused by a variety of

local, systemic, intrinsic or extrinsic factors, which can
lead to intrapulpal hemorrhage and subsequent
breakdown of blood components within dentinal
tubules, causing a darkened appearance. Similarly,
insufficient tissue pulp removal during endodontic
procedures or root resorption may also alter dentin’s
translucency and color, further exacerbating
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demands, intracoronal bleaching has become a
conservative and effective treatment compared to
crowns, veneers, or composites.?)

This technique utilizes chemical agents to oxidize and
break down the pigmented molecules within the
dentinal tubules. There are two minimally invasive
bleaching techniques, thermocatalytic method, which
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requires heat to activate hydrogen peroxide in pulp
chamber for faster bleaching but increases the risk of
external cervical resorption and walking bleach
technique requiring sealing agent in pulp chamber for
several days, allowing gradual whitening with fewer
complications, making it ideal for patients who can
allow a longer treatment period."

A strong oxidizing agent, HP (30%—-35%) is frequently
used. Its mechanism of action involves the release of
oxygen radicals, which interact with and break down
pigmented molecules within the tooth structure,™
while SP is a milder and more stable bleaching agent,
commonly mixed with distilled water or hydrogen
peroxide to enhance its efficacy. SP undergoes a
chemical reaction in the presence of water or an acid,
releasing hydrogen peroxide as a byproduct. This
gradual release of peroxide allows for a controlled
bleaching effect, making SP a safer alternative for
patients with higher risks of adverse reactions and
when HP is combined with SP, its effectiveness is
further amplified.!

Despite its conservative nature, intracoronal bleaching
may cause invasive cervical resorption due to acidic pH
and osteoclastic activation./lTo mitigate this
penetration, use of protective barrier is essential to
safeguard root canal during procedures.!” Barriers like
amalgam,  calcium-enriched mixture = (CEM),
composite resin, glass-ionomer cement (GIC), cement,
mineral trioxide aggregate (MTA), Cavit, intermediate
restorative  material (IRM), Super-EBA, and
Biodentine are used, out of which GIC has been
favored material for the coronal barrier in order to stop
bleaching agents from leaking coronally,®”whereas
MTA has a high marginal adaptability, high calcium
hydroxide concentrations, and resistance to
microleakage, but its lack of solubility, lengthy setting
time, difficulty in handling, tooth staining, and struggle
in removing are some of the disadvantages.!'*
"2IHowever, Biodentine’s non-toxicity, dentin-like
mechanical characteristics, simplicity of usage and
handling, rapid setting time, and leakage resistance also
make it a suitable barrier.[13-16]

The proper selection and application of these barriers
and understanding the comparative performance of
bleaching agents will not only enhance safety profile of
intracoronal bleaching but also optimize the overall
treatment outcome. Thus, the aim of the study is to
assess how commonly used bleaching agents affect the
sealing properties of different intraorifice barriers
which will ultimately aid clinicians in making
evidence-based decisions and will contribute to safer
and more effective bleaching protocols, enhancing
patient care and satisfaction.
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2. Objectives

Intracoronal bleaching is widely used for aesthetic
improvement of endodontically treated teeth, but
hydrogen peroxide penetration can cause external
cervical root resorption. Intraorifice barriers are
recommended to limit peroxide diffusion and protect
surrounding tissues. This in-vitro study aimed to evaluate
and compare the effectiveness of three barrier materials,
glass ionomer cement (GIC), mineral trioxide aggregate
(MTA), and Biodentine. The goal was to identify the
material that provides the most efficient seal against
cervical peroxide penetration during intracoronal
bleaching.

3. Methods

Teeth Selection: Sample size was calculated using
OpenEpi (o = 0.05, 80% power), yielding 10 per group.
Approval was granted by Institutional Ethics Committee
(PIMS/IEC/RDC/UG-PG/04-2023). A total of 120
extracted, intact, permanent single rooted teeth were
included. Teeth with any caries, cracks, restorations,
anatomical variations, resorption, calcification, apical
curvatures or previously endodontically treated teeth
were excluded. Samples were randomized (simple
random sampling) and kept in saline at room temperature
after removal of soft and hard tissue remnants with
ultrasonic tips.

Sample Preparation: Standard access cavities were
prepared with endo access burs (Mani, Japan) with high
speed, water-cooled airotor (Waldent, India). Using a
#10 K-file (Mani, Japan), root canal lengths were
calculated by deducting 1 mm from the root apex. Hero
Gold (MicroMega, France) rotary files powered by an
endomotor (Endo Gold, China) were used to instrument
the canals up to 30 6%. Following each filing, irrigation
was performed with 3% NaOCI (Prime Dental, India).
The final irrigation protocol included sequential
application of 3% NaOCI, 17% EDTA (Prime Dental,
India), and saline solution. The canals were filled using
a single cone obturation technique utilizing gutta-percha
(Diadent, Korea) and AH Plus® sealer (Dentsply,
Switzerland) after having been dried using paper points
(Diadent, Korea). Cavit-G (3M ESPE, Germany) was
used as a temporary sealant to close the access cavities.
For a whole day, the samples were kept in an incubator
(Bio-Technics, India) at 37°C and 100% humidity.
Following obturation, a slow speed handpiece (NSK Ltd.
Tokyo, Japan) and Peeso Reamer #3 (Mani, Japan) was
used to remove root fillings up to 3 mm short of the
cementoenamel junction (CEJ) to prepare space for
intraorifice barrier materials. The depth was confirmed
with a William’s periodontal probe.
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Grouping: Teeth were assigned to three intraorifice
barrier groups (n = 30 each):

e GIC (Ketac™ Molar, Germany)
e  ProRoot MTA (Dentsply, USA)
e Biodentine (Septodont, France)

e  Each group was further divided into subgroups (n =
10) based on bleaching agent:

e 35% hydrogen peroxide (HP) (Prevest DenPro,
India)

e  Sodium perborate (SP) (SD Fine-Chem, India)
e HP + SP combination

Positive control groups (n = 10 per agent) received
bleaching without a barrier.

Intraorifice barrier were prepared according to the
manufacturer’s guidelines and were placed into
respective prepared spaces. It was then shaped by using
around diamond bur at a low-speed setting to gradually
contour the material to mimic the natural contour of the
CEJ. An inclined contour formed by the ski-sloped
design on the mesial and distal aspects allowed for a
seamless transition from the access cavity to the canal
region. On the labial aspect, the bobsled tunnel
configuration was shaped, characterized by a concave,
tunnel-like structure. A radiograph was taken to check
the location of the barrier after placement (Fig. 1).
After covering the barrier with Teflon, Cavit was used
to fill the tooth.

Fig. 1. Tooth Sample Radiograph after placing the
Intraorifice Barrier

a) GIC b) ProRoot MTA c) Biodentine

Peroxide Penetration Analysis: All surfaces except 3 mm
cervical zone below CEJ were coated with nail varnish
and modelling wax (Maarc, India) (Fig. 2). Specimens
were immersed in 10 mL distilled water and incubated
for seven days at 372C and 100% humidity. Peroxide
penetration was determined using a titration-based
Hydrogen Peroxide Testing Kit from Aquasol (Rakiro
Biotech, India). The test jar was filled with water sample
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to be tested up to the 10ml mark, 20 drops of HP1
solution were added to this jar and mixed well then 2
spoonsful of HP2 were added, mixed well until a dark
blue-black colour appears. To this, dropwise HP3
(diluted 1 drop in 100ml of distilled water) solution was
added. The number of drops were counted of this HP3
till the solution became colourless. The concentration of
hydroxyl ions in ppm was calculated according to the
following formula:

Calculations: Hydrogen Peroxide (in ppm) =.0025 x No.
of drops of HP3

Fig. 2. Tooth Sample Covered with Nail Varnish and
Modelling Wax with 3mm wax-free space below CEJ

4. Results

Analysis of data was performed using SPSS Version
20.0 (IBM Inc., USA). One-way ANOVA was applied
to compare mean peroxide penetration among groups,
followed by Tukey’s post hoc test for pairwise
comparisons. For statistical analysis, value of p < 0.05
was considered significant.

Peroxide penetration varied significantly among
bleaching agents and intraorifice barriers (Table 1) In
HP group, Biodentine showed the least peroxide
penetration (0.241 £+ 0.0107 ppm), followed by MTA
(0.253 + 0.059 ppm), while GIC exhibited the highest
(0.337 £ 0.0619 ppm). The control group recorded
maximum penetration (12.317 + 0.2366 ppm). One-
way ANOVA revealed significant differences (F =
10.953, p = 0.0003). Post hoc analysis confirmed
Biodentine and MTA were significantly superior to
GIC (p < 0.05), with no significant difference between
them (p > 0.05).

In SP group, Biodentine again showed the lowest
penetration (0.199 + 0.0491 ppm), followed by MTA
(0.261 £ 0.0321 ppm) and GIC (0.288 + 0.0463 ppm).
Control values were highest (8.893 + 0.0218 ppm).
ANOVA showed significant group differences (F =
11.277, p = 0.0002). Biodentine significantly
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outperformed GIC (p < 0.05), while its difference with
MTA was not significant (p > 0.05).

In HP + SP group, Biodentine (0.210 £ 0.0272 ppm)
showed least penetration, followed by MTA (0.270 +
0.0798 ppm), and GIC (0.344 £+ 0.0509 ppm). The
control group again had the highest penetration (10.297
+ 0.7157 ppm). Statistical analysis confirmed
significant differences (F = 13.877, p = 0.0001). Both
Biodentine and MTA were significantly more effective
than GIC (p < 0.05).

Across all control groups, highest penetration was seen
in the HP group (12.355 £ 0.2543 ppm), followed by
HP + SP (10.513 + 0.8736 ppm), and SP group (8.889
+ 0.0568 ppm). One-way ANOVA revealed highly
significant differences (F = 108.543, p < 0.001). Post
hoc comparisons confirmed significantly lower
peroxide diffusion in SP compared to HP and HP + SP
(p < 0.05).

Use of intraorifice barriers significantly reduced
peroxide penetration compared to controls (p < 0.05),
with Biodentine consistently demonstrating the most
effective sealing ability.

Table 1: Comparison of bleaching agents with
different intraorifice barriers

GROUPS
BLEACHING MEAN(SD
AGENT BARRIER
GIC 0.337 10.0619
Hydrogen PROROOT MTA 0.253 [0.059
peroxide (HP) |BIODENTINE 0.241 [0.0107
CONTROL 12.355 [0.254
GIC 0.288 [0.0463
Sodium PROROOT MTA 0.261 (0.0321
perborate (SP) [BIODENTINE 0.199 [0.0491
CONTROL 8.889 [0.057
GIC 0.344 10.0509
Hydrogen
peroxide (HP)[PROROOT MTA 0.270 [0.0798
+ Sodium|BIODENTINE 0.210 [0.0272
perborate (SP)
CONTROL 10.513 [0.874
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Graph 1: Comparison of bleaching agents with different
intraorifice barriers
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5. Discussion

Trauma-induced anterior tooth discoloration is often
treated with intracoronal bleaching after placing an
intraorifice barrier, but reports of external cervical
resorption have been cited, with its cause
still uncertain.!'”

Hydrogen peroxide (HP) is a potent oxidizing agent
that effectively breaks down stains, while sodium
perborate (SP) with water shows good results but needs
multiple applications. Combining HP with SP achieves
desired bleaching outcomes in fewer sessions. Since
dentinal tubules can allow cervical penetration of
bleaching agents, an effective intraorifice barrier is
essential to prevent microleakage and minimize
adverse effects. Commonly used barrier materials
include glass-ionomer cement, CEM cement,
composite resin, IRM, Super-EBA, and -calcium
silicate-based cements such as Biodentine and
MTA.['8

Single rooted permanent teeth were included in this
study as they are most commonly associated with
trauma which often leads to discoloration.!'”Gutta-
percha and AH plus sealer were used to obturate the
canals as they have exceptional sealing capacity by
closely adapting to dentin. In order to avoid the
peroxide penetration, the barrier was applied at CEJ
prior bleaching procedure. Teeth specimens were
coated with nail varnish, leaving 3 mm around the
cervical margin exposed to control hydrogen peroxide
penetration, and incubated at 37 °C with humidity to
mimic oral conditions, maintain a controlled
environment, and prevent dehydration during testing.
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The results demonstrated cervical penetration of
hydrogen peroxide through GIC was highest with HP,
moderate with combination of HP+SP, and lowest with
SP. Likely due to its inherent porosity and weaker
bonding properties, GIC tends to be porous and is
susceptible to hydrolytic degradation in moist oral
conditions, potentially resulting in compromised
integrity over time increasing the permeability of
peroxide. Similar findings were seen from studies done
by Sakalli et al. (2022).2%

Lesser penetration of H,O, was found with ProRoot
MTA barrier when compared to GIC across all
subgroups. Highest penetration was seen in HP+SP
followed by SP and least in HP. The excellent
performance of MTA is by its superior
physicochemical properties, including minimal
solubility, high biocompatibility, and the ability to
create long-lasting hermetic seal with dentinal walls.
Its calcium silicate-based composition ensures
dimensional stability and strong adhesion through
hydroxyapatite formation, which effectively blocks the
diffusion pathways for hydrogen peroxide. These
results are consistent with prior research by Bolbolian
et al. (2020) underscoring MTA’s robust barrier
qualities.[?!]

Biodentine showed the least peroxide penetration as
compared to GIC and MTA across all subgroups, with
lowest in SP, intermediate values (0.21+0.0272 ppm)
in combination (HP+SP) and highest penetration in HP,
suggesting it provides the safest profile with
Biodentine. It is likely attributed to its superior
adaptability, bioactivity, and ability to form
hydroxyapatite at the dentin interface. Biodentine’s
advantageous sealing properties arise from its calcium
silicate composition, rapid setting time, and favourable
dimensional stability, making it an ideal material to
reduce microleakage and chemical diffusion.??!These
findings align with those of earlier studies, such as
those by Koubi et al. (2013).>lHowever, contradicting
findings were seen in a study done by Shah JR et al.
(2016) in which MTA outperformed Biodentine in
terms of sealing ability when utilized as a barrier.*¥]

The control groups without intraorifice barriers
demonstrate  statistically = significant  peroxide
penetration. The highest was seen with HP, followed
by the HP + SP combination, and lowest with SP. These
findings underscore the critical role of barrier materials
in clinical practice, emphasizing the importance of
their selection to prevent chemical injury to periodontal
and peri-radicular tissues.>!

Thus, this study demonstrated that cervical hydrogen
peroxide penetration was greatest in control groups
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without intraorifice barriers, confirming their critical
protective role. Among the tested materials, GIC
exhibited the highest permeability (p < 0.05) except
when compared to MTA with SP, where differences
were not significant (p > 0.05). Both MTA and
Biodentine showed superior sealing, with Biodentine
achieving the lowest penetration — particularly with SP
(0.199 £+ 0.049 ppm). These findings suggest that
calcium silicate-based materials —  especially
Biodentine combined with sodium perborate — are the
safest clinical choice to minimize peroxide leakage and
safeguard periodontal tissues during
intracoronal bleaching.

Despite these promising findings, it should be
acknowledged that the study was conducted under in
vitro conditions, which cannot fully replicate in vivo
settings because of numerous intrinsic limitations.
Therefore, further long-term clinical trials are
necessary to validate these results and establish
definitive clinical recommendations.

Conclusion: Within limitations of this in vitro study,
Biodentine and MTA demonstrated superior sealing
ability compared to GIC in limiting cervical hydrogen
peroxide penetration. Sodium perborate alone showed
the lowest penetration, while 35% hydrogen peroxide
alone resulted in the highest. The combination of
Biodentine with SP produced the least overall
penetration. Control groups without barriers exhibited
the greatest diffusion, emphasizing the critical role of
intraorifice barriers in reducing peroxide leakage and
enhancing the safety of intracoronal bleaching. Future
research should focus on long-term clinical studies to
evaluate these findings in real-world scenarios and
explore alternative barrier materials that further
enhance peroxide containment.
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