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ABSTRACT

Obturation with a sealer material that provides an adequate apical sealing ability is required to prevent endodontic
treatment failure due to microleakage. However, there are no sealers that meet all the physical and chemical properties
to be able to hermetically seal the root canal system to date. Various sealer materials have been developed in recent
years including the use of bioceramic materials which are claimed to have excellent biocompatibility to tissues. This
study aimed to compare the apical sealing ability of bioceramic-based and zinc oxide eugenol (ZOE)-based sealer
in root canal treatment. A total of 27 extracted mandibular premolars were decoronated to the standard root length
of 14 mm. The root canals were prepared with a crown-down technique using manual instrument to file F3 (30/.09).
The samples were then divided into three groups: obturation with bioceramic-based sealer (n=9); ZOE-based sealer
(n=9); and control group (n=9). Microleakage was measured using a dye penetration method with 1% methylene
blue and observed under stereomicroscope at x20 magnification. The mean of the maximum penetration length from
the lowest to the highest was found in the bioceramic-based sealer group (0.825 mm), the ZOE-based sealer group
(3.850 mm), and the control group (4.444 mm). One-way ANOVA test showed a significant difference in the maximum
penetration length between the three groups (p<0.05). The post hoc LSD test showed a significant difference in the
maximum penetration length between the bioceramic-based and ZOE-based sealer groups (p<0.001). Obturation
with bioceramic-based sealer provides a better apical sealing ability than that with ZOE-based sealer.
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INTRODUCTION

The three-dimensional obturation of the root
canal system has been widely accepted as one
of the key factors for successful endodontic
treatment.”? Obturation with inadequate apical
sealing can cause microleakage due to voids or
gaps in the root canal which allow the entry of
oral microorganisms, thus leading to endodontic
treatment failure.2® A frequently used obturation
material that has become the standard material
to date is gutta-percha in combination with a root
canal sealer.!

A root canal sealer has the ability to fill the
gaps between the gutta-percha and root canal
walls, as well as to fill the accessory canals
and areas that cannot be reached by the gutta-
percha itself.#5 All kinds of sealers in use so far
are available and classified according to their

basic materials, one of them is zinc oxide eugenol
(ZOE)-based sealer which is the most widely used
standard sealers in root canal treatment because
of its long history of successful use.®®° Previous
studies showed that ZOE-based sealers have
mild analgesic properties, minimal dimensional
changes, and relatively good adhesion to root
canal walls; they are also easy to manipulate
and radiopaque.'®' However, these sealers
contain formaldehyde and eugenol that could be a
cytotoxic agent to periradicular tissue.'>'® Various
modifications to ZOE-based sealers continue to
be developed from the original formula by Rickett
or Grossman to obtain a composition that is well
tolerated by tissues and provides anti-inflammatory
effects, including by making a ZOE-based sealer
formulation without the formaldehyde content as
used in the present study.”'®
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There are no sealers that meet all the physical
and chemical properties to be able to hermetically
seal the root canal system to date, so various sealer
materials have been developed in recent years
including the use of bioceramic materials which
are claimed to have excellent biocompatibility to
tissues."" The materials contained in bioceramic-
based sealers such as calcium hydroxide and
calcium phosphate can produce a high pH to
increase antibacterial activity, as well as produce a
chemical composition and crystal structure similar
to dental hard tissue, thereby increasing the
bond strength between the sealer and root canal
dentin.'® These advantages are the reasons why
bioceramic is one of the ideal sealer materials for
obturation of the root canal system.

Several studies have been conducted to
evaluate the apical sealing ability of bioceramic-
based sealers."'5'® However, there are no studies
conducted to compare this material with the most
commonly used standard sealer material, namely
ZOE. This study aimed to compare the apical
sealing ability of bioceramic-based and ZOE-
based sealers in root canal treatment.

MATERIALS AND METHODS

The study used an experimental laboratory
design. The study was conducted at the Radiology
Installation of Sultan Agung Islamic Dental and
Oral Hospital, Dental Preclinical Laboratory
of Diponegoro University, and Biotechnology
Laboratory of Diponegoro University. This study
was approved by the Health Research Ethics
Commission of the Faculty of Medicine Diponegoro
University (182/EC/KEPK/FK-UNDIP/VI1/2020).
Noncarious, intact, extracted mandibular
premolar teeth with a single root, single canal,
and fully formed apex were collected. All the teeth
were extracted for orthodontic reasons. These
teeth were visually inspected under a magnifying
glass and transillumination with light-curing for
the presence of any crack or resorption areas.
Any teeth with cracks, root fractures, root caries,
dental fillings, evidence of periapical resorptive
processes, calcified canals, or multiple canals
were excluded from the study. The samples of this
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study were divided randomly into three groups,
namely obturation with bioceramic-based sealer
(A), ZOE-based sealer (B), and control group (C).
The sample size was obtained based on Federer’s
formula which resulted in n=8.5. This calculation
showed that the minimum number of samples
needed for each group was nine teeth, so for the
three groups, twenty-seven teeth were needed.

Twenty-seven selected teeth were stored
in 10% formalin solution for 1 week followed by
decoronation of the teeth to obtain a standard
root length of 14 mm using a diamond disc along
with a straight handpiece and micromotor. A
#15 K-file with a rubber stopper was introduced
into the root canal and the working length was
determined by reducing 0.5 mm from its total
length. The root canals were instrumented
with the crown-down technique using Protaper
Universal (Dentsply Maillefer, Switzerland)
manual instruments to file size F3 (30/.09). The
manufacturer’s instructions were followed for the
sequence of the instrument and the torque was
used for biomechanical preparation. Between
the uses of each file, the root canal irrigation
was done with 1 ml of 5.25% NaOCI solution and
recapitulation was performed using a #15 K-file
to maintain its working length. Final irrigation was
done by using 2 ml of 5.25% NaOCI solution, 2 ml
of distilled water, followed by 2 ml of 17% EDTA
and ended with 2 ml of distilled water. All the
irrigating solutions were delivered through side
vented 30-gauge needles and the root canals
were dried with corresponding paper points. This
protocol was employed for all the experimental
groups as well as for the control group.

The roots were then filled as follows. Group A
(n=9): the roots were obturated with Ceraseal (Meta
Biomed, South Korea) and gutta-percha Protaper
F3 using a single-cone technique, Group B (n=9):
the roots were obturated with Endoseal (Prevest
DenPro, India) and gutta-percha Protaper F3 using
a single-cone technique, Group C (n=9): the roots
were obturated with gutta-percha Protaper F3
using a single-cone technique without the use of
sealer. Endoseal sealer was dispensed and mixed
as per the manufacturer’s instruction. Ceraseal



sealer was available as a premixed paste. Before
the placement of the sealers, gutta-percha alone
was placed to assess the tug-back and its fit to
working length. Excess gutta-percha was then
removed with a heat-carrier plugger 1 mm below
the canal opening. The root canal orifices were
sealed with a temporary filling material, namely
Ceivitron (Dong Quan, Taiwan).

After the filling was complete, the density of the
obturation results of all the samples was evaluated
with a radiographic image. Subsequently, all the
samples were stored at 37 °C temperature for 24
hours in an incubator (Memmert, Germany). Then
the outer surfaces of the roots were covered with
two-layer nail polish except 1 mm from the end of
the apex, each layer was allowed to dry for 1 hour
at a room temperature. All the samples were then
soaked in 1% methylene blue solution for 72 hours
at a room temperature. After the samples were
removed from the 1% methylene blue solution,
all the samples were then washed under running
water and allowed to dry. The roots were sectioned
buccolingually using a diamond disc so they split
into two longitudinal halves. The section showing
the clearer visualization of the dye and longer
penetration was used for observations.

The observations were carried out under
a stereomicroscope at x20 magnification. The
data taken were the microleakage of the dye in
the apical third obtained from the measurement
of the maximum penetration length of the dye

Mahendra, et al: Comparison of apical sealing...

into the root canal in each of the samples using
a millimeter grid and a sliding caliper. Two
observers measured independently and the
average score of the measurement results of the
two observers was considered the final score.
The data were collected and all the groups were
compared using one-way analysis of variance
(ANOVA) using SPSS Version 21.0 (IBM, US).
Post-hoc least significant difference (LSD) follow-
up test was performed to analyze the significance
level between the groups where p<0.05 was
considered significant. Intraclass correlation
coefficient (ICC) test was also carried out at the
beginning to assess the inter-rater reliability of the
measurement results.

RESULTS

Figure 1 shows the differences of the maximum
penetration length among the three groups
which can be seen from the penetration of 1%
methylene blue dye from the apical to the coronal
direction vertically. The mean score and standard
deviation of the maximum penetration length
in the three groups are shown in Table 1. The
results of this study showed that the highest mean
of the maximum penetration length was found in
Group C (4.444 mm) and the lowest mean of the
maximum penetration length was found in Group
A (0.825 mm), indicating that the mean leakage
in Group A was the lowest compared to the other
groups. The ICC test result showed the inter-rater

(A) (B)

(©)

Figure 1. Microscopic image of the obturation of the bioceramic-based sealer group (A), the ZOE-based sealer
group (B), and the control group (C) on observation with a x20 magnification stereomicroscope
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Table 1. Mean, standard deviation (SD), and the result of the one-way ANOVA test on maximum penetration length of the

three groups

Groups Mean + SD (mm) P-value
Bioceramic-based sealer (A) 0.825+0.914

Maximum penetration Length ZOE-based sealer (B) 3.850 + 1.552 0.000*
Control (C) 4.444 +£1.423

*Significance: p<0.05

Table 2. Mean difference and the result of the post hoc LSD test on maximum penetration length between groups

Groups
Bioceramic — ZOE Bioceramic — Control ZOE - Control
Mean difference 3.025 3.619 0.594
P-value 0.000* 0.000* 0.351

*Significance: p<0.05

reliability of the measurement between the two
observers with a coefficient of 0.984, categorized
as a very good inter-rater agreement so the data
used was reliable.

The result of the one-way ANOVA test
showed p<0.05 as seen in Table 1. These results
indicated a significant difference in the maximum
penetration length among the three groups.
The result of the post hoc LSD test in Table 2
showed that the maximum penetration length
of the bioceramic-based sealer group was the
lowest and significantly different with the other two
groups (p<0.001). However, the difference of the
maximum penetration length between the ZOE-
based sealer group and the control group was not
statistically significant (p>0.001).

DISCUSSION

Over the years, many techniques and materials
have been used to obtain a dense and hermetic
apical sealing, yet no root canal filling material has
met the ideal characteristics of achieving this to
date.'” This study was conducted in the apical third
area of the root canal which is the most difficult
area to clean, prepare, and obturate because
it has a very complex anatomy where there are
many lateral root canals.>'® An adequate apical
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sealing is required to prevent microleakage
which can lead to endodontic treatment failure.'®
The samples used in this study were mandibular
premolars which aimed to uniform the samples
and to minimize anatomical The
samples were treated with a single-cone obturation
technique with two different types of sealers,
namely bioceramic and ZOE-based sealers, and
with a control group without using sealers. Cohen
(2018) suggested that a single-cone obturation
technique was chosen because it is more efficient

variations.

and allows a minimum working time than other
obturation techniques. The single-cone obturation
technique has a better ability to clinically preserve
the coronal dentin and reduce the lateral pressure
on the root canal.'®

Various methods have been suggested to
detect and evaluate microleakage. Observation
of microleakage in this study was carried out by
the dye penetration method of 1% methylene blue
which was immersed for 72 hours. This method
is more popular than other methods because of
its simple procedure and reliable results.'®1920
Theoretically, if the root canal filling does not allow
the penetration of small molecules such as dyes,
then the material has the potential to prevent
leakage due to larger molecules such as bacteria.?°



The results of this study showed that the mean
of the maximum penetration length from the lowest
to the highest was found in the group treated with
the bioceramic-based sealer, ZOE-based sealer,
and the control group without the use of sealer.
The maximum penetration length indicates the
microleakage level of the sealer material againstthe
methylene blue dye. The lower the microleakage
level, the better the apical sealing ability of sealer
materials. Based on these results, obturation
with a bioceramic-based sealer provides a better
apical sealing ability than that with a ZOE-based
sealer. This result is in line with previous research
by Hasnain et al and Asawaworawit et al which
showed that a bioceramic-based sealer has a better
apical sealing ability compared to various other
sealers including epoxy resin and methacrylate-
based sealers.* Better results of bioceramic-
based sealer are related to the hydrophilicity,
biocompatibility, and its small particle size which is
approximately <48 pym or even nanosized. These
biocompatible materials tend to have mechanical
properties similar to dental hard tissues, thus
allowing the sealer particles to penetrate easily
into the dentinal tubules and fill the lateral root
canal. This penetration ability further produces a
mechanical interlocking bond that enhances apical
sealing ability."®'* The bioceramic-based sealer
also showed the expansion of up to 0.2% after
setting reactions, its expansion ability together
with chemical and micromechanical bonds could
increase the bonds between the sealers and the
root canal wall."?'

The difference in the apical sealing ability
between the bioceramic and ZOE-based sealers
was found to be significant with p<0.05, indicating
that ZOE-based sealers have a higher level of
microleakage compared to bioceramic-based
sealers. This result is in accordance with studies
conducted by Lankar et al. and Aryanto where
ZOE-based sealers showed the largest number of
microleakage compared to other groups.'®? The
fact that ZOE-based sealer experiences larger
microleakage compared to other sealer materials
is presumably because it has a longer setting
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time, slow absorption in periradicular tissue, and
low bond strength between the sealer material and
root canal walls.?? According to Rahaswanti et al,
the application of ZOE-based sealer tends to be
difficult so there is often a lack of filling. In addition,
the operator in this study lacked experience
especially in endodontic treatment. That is why
microleakage was found in this treatment group.'®

In this study, the post hoc LSD test between
the ZOE-based sealer and the control groups did
not show any significant difference in the maximum
penetration length with p>0.05, thus indicating that
obturation with the ZOE-based sealer and without
using any sealers gave unfavorable results in
terms of the apical sealing. These results may be
influenced by various limitations in this study such
as incubation and sample immersion period. This
study used an incubation period of 24 hours at 37
°C to provide an opportunity for the sealers to set.
The bioceramic-based sealers were not affected
by the incubation period because they have a fast
setting time of three to four hours. However, this
did not apply to the ZOE-based sealers due to a
longer setting time of around 24-36 hours, and non-
acceptable flow rates.'*'5??2 The characteristics of
the ZOE-based sealer caused some samples in
this treatment group to experience an incomplete
setting so the sealer material dissolved when the
samples were immersed in the methylene blue dye.
This assumption served as the basis for obtaining
insignificant differences between the ZOE-based
sealer and the control groups.

Ingle and Bakland (2008) suggested that
the most common cause of endodontic failure
is incomplete obturation of the root canals.?? No
obturation technique can fully produce cavity-free
obturation including the gold standard, namely
the lateral condensation obturation technique.?*
Various literature studies suggest that lateral
condensation is a technique that has been used
for a long time. This technique is clinically effective
and does not require special equipment.?*25 The
limitation of this study is that the stereomicroscope
used could not be connected to any digital software
so the maximum penetration length was measured
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manually. This limitation was minimized with the
help of a millimeter grid that was placed under the
longitudinal halves of the tooth and then measured
using a sliding caliper. However, this method
allowed for subjectivity, so the measurements
were carried out by two observers independently
to eliminate bias.' These limitations did not affect
the validity of the study.

For further research, it is necessary to
conduct research to test the apical sealing ability
of bioceramic and ZOE-based sealers with a
longer incubation and sample immersion period to
improve the accuracy of the results. In addition,
there is a need for conducting research using
other obturation techniques such as the lateral
condensation technique which is the gold standard
in root canal obturation.

CONCLUSION

Based on the results of research that has been
done, it can be concluded that the obturation with
a bioceramic-based sealer provides a better apical
sealing ability than that with a ZOE-based sealer in
root canal treatment.
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