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ARTICLE INFO ABSTRACT

Keywords: Objective: This systematic review and meta-analysis aimed to evaluate if bioceramic sealers had superior sealing
Bioceramic properties to epoxy resin-based sealers.

Mic“’leak_age Methodology: A systematic search was performed in the following databases: MEDLINE Ovid (from 1946 on-
Es;’;’:esm wards), Scopus, Google Scholar, EBSCO, and a hand search of references of included articles was also done. In

vitro and ex vivo studies were included. Risk of bias was assessed, and quantitative synthesis was performed for
microleakage measured using vertical dye penetration, horizontal dye penetration, and dentin-sealer gap.
Summary effect was reported as Standardized Mean Difference with 95% CI. Subgroup analysis was performed
based on the imaging modalities, the obturation techniques, and the file systems employed.

Results: A total of 24 studies were included. Meta-analysis demonstrated no significant difference between the
sealing ability of bioceramic sealer and epoxy resin-based sealer when measured using the microleakage tests
[SMD -0.59(95%CI: 1.74,0.55)]. Subgroup analysis revealed no significant differences except when manual K-

Sealing ability
Root canal therapy

files were used. Heterogeneity was low when sub-group analysis was done.
Conclusion: Bioceramic sealers and epoxy resin-based sealers both exhibited comparable sealing ability.

1. Introduction

The fundamental goal of endodontic therapy is to completely debride
the root canal space and achieve 3-Dimensional obturation.! Over the
years, none of the materials have demonstrated perfect results in pro-
ducing such a seal. A universally accepted “gold standard” filling ma-
terial in endodontics presently in use is Gutta-percha, with
commendable properties of non-toxicity and biocompatibility.” It is
entirely inert once obturated in the root canal area, thermoplastic by
nature, re-treatable, and more significantly.'

However, gutta-percha has failed to establish a proper hermetic seal
due to the lack of adhesiveness of the gutta-percha to the canal wall
dentin. This drawback has instilled the importance of incorporating
sealers or cement during obturation, filling the spaces between the canal
wall dentin and the obturating material interface. It may also be used to
fill in the accessory canals, canal irregularities, and minor discrep-
ancies.® Various adhesive filling solutions have been developed in an
attempt to achieve a “secondary monoblock™ within the root canal, in

which the core material, sealing agent, and root canal dentin create a
single cohesive unit.*

Based on their chemical composition, sealers are divided into various
groups. Epoxide and amine paste are the pastes used in epoxy resin-
based sealers. In contrast to amine paste, which comprises 1-adaman-
tane amine and TCD-diamine, epoxide paste primarily comprises cal-
cium tungstate and zirconium oxide® (e.g., AH plus). Due to their
beneficial physicochemical characteristics® and antibacterial effect, they
are widely used in clinical practice.” When extruded into the periapical
tissues, however, it does not readily resorb® and can bring about a
short-term inflammatory response. “Bioceramic sealers” which are
dimensionally stable, have been created to seal root canal spaces. These
injectable and premixed hydrophilic calcium silicate and
phosphate-based sealers'’ are composed of zirconium oxide, calcium
silicates, calcium phosphate monobasic, calcium hydroxide, and a
thickening agent.” ! Bioceramic-based sealers use the moisture natu-
rally present in the dentinal tubules to commence and complete their
setting reaction because they are hydrophilic and insoluble.'®'! Tubular
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diffusion is considered to be the process by which bioceramic-based
sealers bind to dentin, causing mechanical linkages to interlock,'*
resulting in the formation of a bond,'™'® and the production of hy-
droxyapatite along the mineral infiltration zone.'”

Sealers are crucial in lowering microleakage by filling the spaces
between root dentin and gutta-percha. Numerous in-vitro and in-vivo
investigations present inconsistent and ambiguous results about the
proper selection of sealers, ultimately deciding the treatment outcome.
Epoxy resin-based sealers'>'® and bioceramic sealers'*'” were typi-
cally suggested in the investigations on different sealers. Assimilation of
all available information from the literature on these materials can assist
the practitioner in executing void-free endodontic therapy. Thus, this
systematic review and meta-analysis aimed to compare the sealing
ability of bioceramic sealers and epoxy-resin-based sealers.

2. Methods

This review included in-vitro and ex-vivo studies done on obturated
single-rooted permanent teeth with fully formed root apices. Teeth free
of caries, cracks, fractures, resorption, and multiple canals were
included. Epoxy resin-based sealers were considered the control group,
and bioceramic sealers as the intervention group. The outcome was
sealing ability measured in terms of microleakage (in mm) using the dye
penetration method. Any technique (Stereomicroscope, Scanning Elec-
tron Microscopy, Micro CT) used for image analysis was included. The
review  protocol was registered with PROSPERO  (ID:
CRD42021244565).

The electronic databases searched included MEDLINE Ovid (from
1946 onwards), Scopus, Google Scholar, EBSCO. No restrictions were
imposed on the date and country of publication, but only studies pub-
lished in English were included in the review. In addition, a hand search
of references of included articles was also done. The search strategy used
was ((sealing ability) OR (microleakage) OR (sealing potential) AND
((AH plus) OR (epoxy resin)) AND ((bioceramic sealer) OR (endo-
sequence) OR (BQ)).

The obtained articles were imported to Covidence for further
screening. Two authors (RR and KR) independently removed duplicates
from the acquired data and reviewed the remaining articles based on
title and abstract. A third author (KV) resolved any conflicts. The full
text of included articles was then retrieved and examined for eligibility
based on inclusion/exclusion criteria. Studies that did not match the
criteria for inclusion were eliminated. All the databases listed were
searched in March 2021. For the time period under consideration, there
was no lower limit.

Two reviewers (RR and KR) used a Microsoft Excel sheet to extract
data for each included study, which included publication details such as
year of publication and journal, country of origin, details of teeth
included, sample size, type of sealer used, study design (in-vitro or ex-
vivo), details of the outcomes reported, results of the intervention, file
systems used, and obturation technique. Two review authors (RR and
KR) independently assessed the risk of bias for each included study. As
no standardized tools were available for assessing the risk of bias for in
vitro studies, a tool from a similar systematic review'® was adopted and
customized to the study requirements. The following parameters were
assessed and graded for calculating the risk of bias; (i) presence of
control group, (ii) description of sample size calculation, (iii)root canal
procedure performed by a single operator, (iv) use of sealer material
according to manufacturer’s instructions and (v)blinding of outcome
assessor. If the authors reported the parameter, the article had a Y (yes)
for that specific parameter; if it was not possible to find the information,
the article received an N (no). The articles that reported 1-2 of the above
items were classified as high risk of bias, 3 as medium risk, and 4-5 as
low risk.

For quantitative synthesis, the data were divided into categories
based on the diverse microleakage approaches used, such as vertical dye
penetration, horizontal dye penetration, and dentin-sealer gap. Vertical
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dye penetration was split into groups based on the method of analysis
(Stereomicroscope and Confocal Laser Scanning Microscope), the kind
of obturation (Single cone and Lateral condensation), the file system
employed (Rotary and Manual), and the level of horizontal dye pene-
tration (4 mm and 6 mm). Microleakage was also measured using the
dentin-sealer gap.

The treatment effect for each study was summarized using the
standardized weighted-mean differences (SMD) as the outcome mea-
sures were different (interphase between radicular dentin and root canal
filling material, the gap between sealer and gutta-percha, adaptation of
sealer in sealer/dentin, sealer penetration depth). The data were
analyzed using RevMan 5.4.1 software developed by the Cochrane
group. Cochran’s Q statistic, a chi-square test, and a threshold p-value of
less than 0.10 were used to examine the data’s heterogeneity.'” The 12
statistic,”® as well as forest plots, were used to explore the consistency of
the data. For any missing data, the study was excluded from the
meta-analysis. A funnel plot was also generated to assess publication
bias.

3. Results

The search results retrieved a total of 129 studies. After removing
duplicates, 107 articles were included for the title and abstract
screening. Among them, 25 articles were excluded as they were irrele-
vant. Among the 82 articles included for full-text screening, 24 articles
were selected for qualitative synthesis. Finally, 16 articles were included
for quantitative synthesis (Fig. 1.).

Out of the 24 studies included, eight were from India, (o)
from Iran,'>?’ two from Brazil,”®>*° two from Thailand,*>*! one study
each from Egypt,13 Saudi Arabia,*? Lebanon,>* Turkey,]4 Austria,®
China,®* United Arab Emirates,>® Germany,36 and Bulgaria.37 All the
studies were conducted in-vitro with a sample size ranging from 10 to
26. The included teeth had a straight canal in 11
studies,'>!1617:21,24,25,30,32,36-38 Gyl in one study'* and round in two
studies.'>>° Manual K-files were used for chemo-mechanical prepara-
tion in two studies,'®** and rotary file systems were used in 22 studies.
Single cone obturation was performed in 10 studies'®!%?%25:32-35,37,38
and a conventional technique (continuous wave compaction, lateral
condensation, vertical condensation)was adopted in 13 studies. The
outcome measured was, microleakage in 18 studies using a scanning
electron microscope, stereomicroscope, confocal laser scanning micro-
scope, bacterial penetration, bacterial leakage, root canal filling mate-
rials and voids percentage, dentinal tubule penetration, and filling
quality, sealing ability and apical sealing ability. No ex-vivo studies were
retrieved (Table 1.).

Of the 58 studies excluded, 20 studies were excluded due to wrong
intervention, 11 had wrong comparator, 10 had wrong outcomes, nine
had wrong study design, four had a wrong patient population, two were
duplicate articles not identified in the screening stage, one was non-
English language article, and one was conducted in a different setting.

According to the risk of bias assessment, the methodology’s operator
count was not disclosed in 70.84% of the research. The use of sealer in
accordance with the manufacturer’s instructions was not documented in
almost 50% of research, and blinding of outcome assessors was not
mentioned in 87.5% of investigations. The mechanism used to deter-
mine the sample size was not disclosed in any studies. (Table 2.).

Quantitative synthesis was conducted based on outcome measures,
and the results were further divided based on different methodological
approaches. In 10 investigations, including 350 teeth, the vertical dye
penetration technique was utilized to quantify microleakage. Based on
the approach used to evaluate the results, there was no statistically
significant difference between the epoxy resin-based sealer and the
bioceramic sealer [SMD: 0.59(95%CI: 1.74, 0.55)] with a 95% statistical
heterogeneity. A subgroup analysis was done based on the imaging
modalities used. A confocal laser scanning microscope was used in three
studies' 2% involving 124 teeth and showed no significant difference

16,17,21-26 (..
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Fig. 1. Search results.

between the two groups [SMD: 1.01(95% CI: 3.25,1.23)].Stereomicro-
scopic evaluation was performed in seven studies'®!'!7:2%253238
involving 226 teeth. No significant differences were observed between
bioceramic sealers and epoxy resin-based sealers [SMD: 0.44(95% CI:
1.95, 1.07)] (Fig. 2). A comparable subgroup analysis was conducted
depending on the various obturation processes used. In five in-
vestigations, single cone obturation was done.'®?>3%3%38 consisting of
168 teeth with no significant difference in the study groups [SMD: 0.21
(95% CI: 0.89, 1.31)].Conventional technique of obturation was done in
five studies' >1%172%2% in 182 teeth. However, no significant differences
were noted between the two groups. [SMD: 1.49(95% CI: 3.76, 0.79)]
(Fig. 3). The various file systems used for chemo-mechanical preparation
were also the subject of a third subgroup study. In two in-
vestigations'®?* including 60 teeth, manual K files were employed, and
the results showed a statistically significant difference favoring bio-
ceramic sealers over epoxy resin-based sealants (SMD: 4.31; 95% CI:
5.71, —2.90). 40% (moderate) heterogeneity was detected. Rotary files
were used in eight studies'>!>!7:2%2%32,33,38 o 990 teeth and a statis-
tically significant difference was noted between the two groups [SMD:
0.27 (93% CI: 0.72, 1.26)] favouring epoxy resin-based sealers(Fig. 4.).

A total of two studies'”*! measured microleakage in terms of hori-
zontal dye penetration. This was sub-grouped based on the depth of dye
penetration, and analysis was carried out at 4 mm and 6 mm depths. At
4 mm with 100 teeth, a significant difference was found between both
the groups [SMD -0.88 (95% CI -1.41, —0.36)] favoring bioceramic
sealers. The heterogeneity observed was 37%. At 6 mm with 100 teeth, a
significant difference was found among the bioceramic sealer, and epoxy
resin-based sealer [SMD: 1.13 (95% CI: 1.56, —0.71)], and no hetero-
geneity was observed.

Dentin sealer gap was measured in four studies involving
104 teeth with no statistically significant difference between the two
groups [SMD: 2.08 (95% CI: 4.32, 0.15)].

A funnel plot was generated, which revealed no publishing bias
(Fig. 5.).

23,27,36,37
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4. Discussion

The ability of a root canal sealer to prevent external connection with
the periapical tissue determines its apical sealing capacity. It is not al-
ways feasible to achieve a hermetic root canal closure because of issues
with flow, consistency, setting characteristics, solubility, and root canal
wall adherence.?” The lifetime of the root canal-treated tooth depends
on achieving a “fluid-tight seal,” which, if not done, can be a critical
factor in endodontic failure.

This systematic review was carried out to compare the sealing ability
of two sealers and thus included a traditional (epoxy resin-based) and
novel (bioceramic) material. The bioceramic sealer can form a chemical
bond with the root dentin wall, obliterating the micro-space, which can
be a possible portal of entry for microorganisms. Despite having greater
particle size, viscosity, and flow characteristics, the overall results of the
meta-analysis findings showed no discernible differences between the
two sealers’ sealing abilities. A subgroup analysis was conducted to find
any differences in the effect measure because this discovery may be
related to methodological variability. Because the outcome used to
measure apical microleakage was different (interphase between radic-
ular dentin and root canal filling material, gap between sealer and gutta-
percha, adaptation of sealer in sealer/dentin, sealer penetration depth),
meta-analysis was carried out using Standard Mean Difference (SMD) as
the effect measure. Based on imaging modalities, vertical dye penetra-
tion was divided into two categories. Confocal laser scanning micro-
scopy (CLSM) favored bioceramic sealer in one included study.'® It
attributed it to the more significant setting expansion achieved once
inserted in the root canal and forming a covalent bond with the amino
group. Another included study favored epoxy resin-based sealers,
which argued its ability to penetrate micro irregularities on the dentinal
wall because of its greater adhesiveness. One study> showed no sig-
nificant difference between the groups. CLSM uses fluorescence to
measure sealer penetration along the canal circumference of each
sample and reveals the sealer penetration within the dentinal tubules via
the creation of high contrast points. Another advantage when using
CLSM in segments is that the sealer can be visualized at various depths.
It has multiple advantages over traditional wide-field optical
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Table 1
Characteristics of included studies.
STUDY ID COUNTRY STUDY TYPE DYE METHOD OF INTERVENTION BRAND SAMPLE CONTROL BRAND SAMPLE FILE SYSTEM OBTURATION OUTCOME APICAL
DESIGN OF PENETRATION OUTCOME GROUP SIZE GROUP SIZE USED FOR TECHNIQUE MEASURED MEASUREMENT
CANAL OBTURATION
Shinde 2014 India In vitro No SEM Bioceramic EndoSequence 15 Epoxy AH 15 Protaper Single Cone Dentin- Apical 1/3rd
sealer BC Sealer resin Plus Rotary files material gap
sealer
Padmawar 2018 India Invitro Straight Yes (methylene Stereo-microscope Bioceramic EndoSequence 25 Epoxy AH 25 Protaper Lateral Horizontal dye 4 mm
blue) sealer BC Sealer resin Plus Rotary files Condensation  penetration
sealer
Padmawar 2018 India Invitro Straight Yes (methylene Stereo-microscope Bioceramic EndoSequence 25 Epoxy AH 25 Protaper Lateral Horizontal dye 6 mm
blue) sealer BC Sealer resin Plus Rotary files Condensation  penetration
sealer
Pawar 2014 India Invitro Straight Yes (methylene Stereo-microscope Bioceramic EndoSequence 25 Epoxy AH 25 Protaper Continuous Horizontal dye 4 mm
blue) sealer BC Sealer resin Plus Rotary files Wave penetration
sealer Condensation
Pawar 2014 India Invitro Straight Yes (methylene Stereo-microscope Bioceramic EndoSequence 25 Epoxy AH 25 Protaper Continuous Horizontal dye 6 mm
blue) sealer BC Sealer resin Plus Rotary files Wave penetration
sealer Condensation
Eltair 2017 Germany Invitro Straight No SEM Bioceramic TotalFill BC 12 Epoxy AH 12 Mtwo rotary  Lateral Sealer and
sealer sealer resin Plus files Condensation  Dentin gap
sealer & Single Cone
Gyulbenkiyan Bulgaria  Invitro Straight No SEM Bioceramic TotalFill BC 10 Epoxy AH 10 ProTaper Single Cone Sealer and 2 mm
2020 sealer sealer resin Plus Universal Dentin gap
sealer
Hegde 2020 India In vitro No SEM Bioceramic EndoSequence 20 Epoxy AH 20 Protaper Sealer and
sealer BC Sealer resin Plus Dentin gap
sealer
Mohammadian Iran In vitro No SEM Bioceramic EndoSequence 10 Epoxy AH 10 Protaper Lateral Sealer and 1.5 mm
2017 sealer BC Sealer resin Plus Rotary files Condensation ~ Dentin gap
sealer
Ballullaya 2017 India In vitro Straight Yes (methylene Stereo-microscope Bioceramic EndoSequence 10 Epoxy AH 10 Manual K files Lateral Vertical Dye 2 mm
blue) sealer BC Sealer resin Plus Comapction penetration
sealer
Trivedi 2020 India In vitro Straight No Confocal Laser Bioceramic Bio C Sealer 20 Epoxy AH 20 Manual K files Lateral Vertical Dye 2-3 mm
Scanning sealer resin Plus Condensation  penetration
Microscopy sealer
Araghi 2020 Iran In vitro Straight Yes (Indian Stereo-microscope  Bioceramic Total Fill BC 26 Epoxy AH 26 26 Mtwo rotary ~ Lateral Vertical Dye 2 mm
ink) sealer (TF BC) resin files Condensation  penetration
sealer
Del Monaco Brazil Invitro Circular Yes Confocal Laser Bioceramic EndoSequence 10 Epoxy AH 10 Reciproc files  Vertical Vertical Dye 3 mm
2018 (Rhodamine B) Scanning sealer BC Sealer resin Plus Condensation  penetration
Microscopy sealer
El Sayed 2018  Egypt In vitro Yes (methylene Stereo-microscope  Bioceramic EndoSequence 10 Epoxy AH 10 ProTaper Single Cone Vertical Dye 7 mm
blue) sealer BC Sealer resin Plus Universal penetration
sealer
Elshinawy 2019 Saudi Invitro Straight Yes (methylene Stereomicroscope  Bioceramic Total Fill BC 10 Epoxy AH 10 ProTaper Next Single Cone Vertical Dye 2 mm
Arabia blue) sealer sealer resin Plus penetration
sealer
Hachem 2019 Lebanon  In vitro No Confocal Laser Bioceramic BC SEALER 32 Epoxy AH 32 ProTaper Single Cone Vertical Dye 1 mm
Scanning sealer resin Plus rotary penetration
Microscopy sealer
Hasnain 2017 India In vitro Straight Yes Stereo-microscope  Bioceramic Total Fill BC 16 Epoxy AH 16 High fiex files Single Cone Vertical Dye 1 mm
(Rhodamine B) sealer sealer resin Plus penetration
sealer

(continued on next page)
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Table 1 (continued)

STUDY ID COUNTRY STUDY TYPE DYE METHOD OF INTERVENTION BRAND SAMPLE CONTROL BRAND SAMPLE FILE SYSTEM OBTURATION OUTCOME APICAL
DESIGN OF PENETRATION OUTCOME GROUP SIZE GROUP SIZE USED FOR TECHNIQUE MEASURED MEASUREMENT
CANAL OBTURATION
Pawar 2014 India In vitro Yes (methylene Stereo-microscope  Bioceramic EndoSequence 25 Epoxy AH 25 Protaper Continuous Vertical Dye 2,4, 6 mm
blue) sealer BC Sealer resin Plus Rotary files Wave penetration
sealer Condensation
Rizvi 2021 In vitro Straight Yes (methylene Stereo-microscope Bioceramic MTA Fillapex 16 Epoxy AH 16 ProTaper Single Cone Vertical Dye 2 mm
blue) sealer resin Plus Universal penetration
sealer
Asawaworarit Thailand Invitro Straight No Fluid filtartion and Bioceramic EndoSequence 19 Epoxy AH 19 ProTaper Multiple Wave Sealing Ability nl/s at 200
2019 SEM sealer BC Sealer resin Plus rotary Condensation mmHg at 24 h
sealer
Salem 2018 UAE Invitro Round Yes (methylene Spectrophotometer Bioceramic Total Fill BC 20 Epoxy AH 20 iRace rotary  Single Cone Apical sealing Dye
blue) device sealer sealer resin Plus file ability concentration
sealer (ng/ml)
Hegde 2015 India In vitro No Spectrophotometer Bioceramic EndoSequence 20 Epoxy AH 20 Protaper Lateral Microleakage- mg/dl (mean +
sealer BC Sealer resin Plus Rotary files Condensation  Glucose SD)
sealer & Single Cone  concentration,
Tanompetsanga Thailand  In vitro No Fluid Filtration Bioceramic EndoSequence 20 Epoxy AH 20 Mtwo rotary ~ Warm Vertical Microleakage- mean =+ SD - NI/
2018 sealer BC Sealer resin Plus system Compaction Fluid filtration c¢mH20.min
sealer device
de Melo T 2018 Brazil In vitro No Bacterial Bioceramic EndoSequence 10 Epoxy AH 10 ProTaper Cold Lateral Sealing % sample
penetration model  sealer BC Sealer resin Plus Universal Condensation  Ability-
sealer Bacterial
penetration
Celikten 2015 Turkey In vitro Oval No Micro CT Bioceramic EndoSequence 10 Epoxy AH 10 Rotary Files Single Cone Root canal mean percentage
sealer BC Sealer resin Plus filling values
sealer materials and
voids
Antunovic 2021 Austria, Invitro Round No SEM Bioceramic TotalFill BC 15 Epoxy AH 15 ProTaper Next Cold Lateral Bacterial
Croatia sealer sealer resin Plus (PTN) Condensation  leakage
sealer
Wang 2018 China In vitro Yes Confocal Laser Bioceramic iRoot SP 10 Epoxy AH 10 ProTaper Single Cone Dentinal SC & WVC obt-
(Rhodamine B) Scanning sealer resin Plus Universal tubule SC selected-
Microscopy sealer penetration medians of the
and filling percentages of
quality penetrated

segment of root
canal at 2, 4, and
6 mm levels
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Table 2
Risk of bias of included studies.
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STUDY ID Presence of Description of sample size  Root canal procedure performed Use of sealer material according to Blinding of outcome
control group calculation by a single operator manufacturers instructions assessor
Antunovic 2021 Low risk High risk High risk Low risk High risk
Araghi 2020 Low risk High risk Low risk High risk Low risk
Asawaworarit Low risk High risk Low risk High risk High risk
2019
Ballullaya 2017 Low risk High risk High risk Low risk High risk
Celikten 2015 Low risk High risk Low risk Low risk Low risk
de Melo T 2018 Low risk High risk Low risk Low risk High risk
Del Monaco 2018 Low risk High risk High risk High risk High risk
El Sayed 2018 Low risk High risk Low risk Low risk High risk
Elshinawy 2019 Low risk High risk High risk Low risk High risk
Eltair 2017 Low risk High risk Low risk Low risk High risk
Gyulbenkiyan Low risk High risk High risk High risk High risk
2020
Hachem 2019 Low risk High risk High risk Low risk High risk
Hasnain 2017 Low risk High risk High risk Low risk High risk
Hegde 2015 Low risk High risk High risk Low risk High risk
Hegde 2020 Low risk High risk High risk High risk High risk
Mohammadian Low risk High risk High risk High risk Low risk
2017
Pawar 2014 Low risk High risk High risk High risk High risk
Rizvi 2021 Low risk High risk High risk High risk High risk
Salem 2018 Low risk High risk Low risk High risk High risk
Shinde 2014 Low risk High risk High risk High risk High risk
Tanompetsanga Low risk High risk High risk High risk High risk
2018
Trivedi 2020 Low risk High risk High risk Low risk High risk
Wang 2018 Low risk High risk High risk High risk High risk
Padmawar 2018 Low risk High risk High risk Low risk High risk
Bioceramic sealer Epoxy resin sealer Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV,R 95% CI IV, R 95% CI
1.1.1 Confocal Laser
Del Monaco 2018 0.43 017 10 0.33 0197 10 10.2% 0.52 [F0.37,1.42] T
Hachem 2019 0.6 0.235 32 0.568 0.222 32 107% 0.14 [-0.35, 0.63] T
Trivedi 2020 0.224 0.047 20 0.463 00733 20 9.9% -3.80 [-4.88,-2.73] —
Subtotal (95% CI) 62 62 30.8% -1.01[-3.25, 1.23] —zaEe—
Heterogeneity: Tau®= 3.73; Chi*= 4712, df= 2 (P = 0.00001); F= 96%
Testfor overall effect: Z= 0.89 (P = 0.38)
1.1.2 Stereomicroscope
Araghi 2020 6.1 21 26 1.2 1.64 26 10.5% 215 [1.46, 2.89] i
Ballullaya 2017 0.0029 000019 10 0.0053 0.00058 10 8.1% -5.33[F7.37,-329) ——
El Sayed 2018 268 0.71 10 1.349 0.39 10 9.8% 216[1.01,3.31] —
Elshinawy 2019 0.095 0.2 10 1.34 0.56 10 9.5% -2.84 [[4.15,-1.52] e
Hasnain 2017 2.6 282 16 235 1.48 16 10.5% 0.09 [-0.60, 0.78] -1
Pawar 2014 5.37 1.42 28 8.04 2.03 28 105% -1.80[2.13,-0.87] —_
Rizvi 2021 228 0.93 16 1.19 0.75 16 10.4% 1.22 [0.46,1.99] —
Subtotal (95% CI) 113 113 69.2% -0.44 [-1.95, 1.07] et
Heterogeneity: Tau®= 3.84; Chi®=124.93, df= 6 (P = 0.00001); F=95%
Testfor overall effect: Z= 0.57 (P=0.57)
Total (95% CI) 175 175 100.0% -0.59 [-1.74, 0.55] q

Heterogeneity: Tau®= 3.14; Chi®=175.81, df= 9 (P < 0.00001}); F= 95%
Testfor overall effect: Z=1.02 (P =0.31)
Testfor suboroup differences: Chi*= 017, df=1 (P = 0.68), F=0%

t t
-4 -2
Favours [hioceramic]

i 2 4
Favours [epoxy resin]

Fig. 2. Comparison of microleakage between bioceramic and epoxy-resin sealer based on imaging modalities.

microscopy and scanning electron microscopy, including the capacity to
regulate the depth of field, reduce background information distant from
the focus plane, and build multiple optical sections, even from thick
specimens.’®> On stereomicroscopic evaluation, three studies’->**2
preferred bioceramic sealer and epoxy resin-based sealer,'>!®8
respectively, whereas they revealed no significant difference.

A subgroup analysis of different obturation techniques revealed that
the bioceramic sealer has better sealing ability than epoxy resin sealer in
three studies,'®'”>>* but the opposite was found in one study,'” and no
significant differences were found in another using conventional tech-
nique.?” For example, the lateral condensation approach, one of the
traditional techniques, does not allow for the production of a uniform
sealer layer along the whole length of the canal, regardless of the sealer
utilized.>® Elshinawy et al.>? recommended using a bioceramic sealer
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with a single-cone approach. In contrast, two studies'®*® suggested

using an epoxy resin sealer, and two studies®>*> found no significant
differences between the sealers. The slower setting time of the bio-
ceramic sealer, which allows for more time for expansion and pushing
the sealer toward the radicular dentinal walls, may also contribute to the
single cone obturation system’s superior sealing performance.*”

A subgroup analysis based on file systems revealed that bioceramic
sealer had superior sealing properties in two studies.'”*> In comparison,
epoxy resin-based sealer was preferred in four studies,'>'*%%% and two
studies?*® did not differ in their sealing properties when rotary files
were used. Only two studies'®?* evaluated the sealing ability when
manual files were used, and both favored bioceramic sealers.

At 4 mm and 6 mm depth from the apical foramen, horizontal dye
penetration was also tested. Two investigations'”>! found that the
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Bioceramic sealer Epoxy resin sealer Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,R 95% CI IV, R 95% CI
1.2.1 Conventional technique
Araghi 2020 6.1 271 26 1.2 1.64 26 10.5% 2.15[1.46, 2.85] i
Ballullaya 2017 0.0029 0.00019 10 0.0053 0.00058 10 81% -5.33[7.37,-3.29] —
Del Monaco 2018 0.43 017 10 033 0197 10 10.2% 0.52 [0.37,1.42] ™
Pawar 2014 537 1.42 25 8.04 2.03 25 105% -1.50 [2.13,-0.87] =
Trivedi 2020 0224  0.047 20 0463 00733 20 99% -3.80[-4.88,-2.73] —.—
Subtotal (95% CI) 91 91  49.2% -1.49[-3.76, 0.79] e

Heterogeneity: Tau®= 6.41; Chi®= 128.63, df=4 (P < 0.00001); F= 97%
Testfor averall effect: Z=1.28 (P = 0.20)

1.2.2 Single cone technigque

El Sayed 2018 2.68 0.71 10 1.39 0.39 10 9.8% 216[1.01,3.31] —_
Elshinawy 2019 0.095 0.z 10 1.34 0.56 10 95% -2.84[-4.15,-1.52] —_—

Hachem 2019 0.6 0.235 32 0.468 0.222 32 107% 0.14 [-0.35, 0.63] T
Hasnain 2017 2.56 282 16 2.35 1.48 16 105% 0.09 [-0.60,0.78] T
Rizvi 2021 225 043 16 114 074 16 10.4% 1.22[0.46,1.99] —
Subtotal (95% CI) 84 84 50.8% 0.21[-0.89, 1.31] &

Heterogeneity: Tau®= 1.36; Chi*= 38.22, df=4 (P < 0.00001); F= 90%
Testfor overall effect Z=0.37 (P=0.71)

Heterogeneity: Tau®= 3.14; Chi®=175.81, df= 9 (P < 0.00001}); F= 95%
Testfor overall effect: Z=1.02 (P =0.31)
Testfor subaroup differences: Chi*=1.73, df=1 (P =0.19), F=421%

Total (95% CI) 175 175 100.0% -0.59 [-1.74, 0.55] q
0

-

-10 -5 10
Favours [hioceramic] Favours [epoxy resin]

Fig. 3. Comparison of microleakage between bioceramic and epoxy-resin sealer based on obturation technique.

Bioceramic sealer Epoxy resin sealer Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,R 95% CI IV, R 95% CI
1.3.1 Rotary file system
Araghi 2020 6.1 271 26 1.2 1.64 26 10.5% 2.15[1.46, 2.85] .
Del Monaco 2018 0.43 017 10 033 0197 10 10.2% 0.52 [-0.37,1.42] -
El Sayed 2018 268 0.71 10 1.39 0.39 10 9.8% 216[1.01,3.31] ——
Elshinawy 2019 0.085 0.z 10 1.34 0.56 10 95% -2.84 [[4.15,-1.52] ——
Hachem 2019 06 0235 32 0588 0222 32 107% 0.14 [-0.35, 0.63] -
Hasnain 2017 256 2.82 16 235 1.48 16 10.5% 0.08 [-0.60, 0.78] -
Pawar 2014 537 1.42 25 8.04 2.03 25 105% -1.50[-2.13,-0.87] i
Rizvi 2021 225 0.493 16 119 0.75 16 10.4% 1.22[0.46,1.99] S
Subtotal (95% CI) 145 145 82.0% 0.27 [-0.72, 1.26] =i

Heterogeneity: Tau®= 1.86; Chi*= 96.93, df=7 (P = 0.00001); F= 93%
Testfor overall effect: Z=0.53 (P =0.59)

1.3.2 Manual file system

Ballullaya 2017 00029 0.00018 10 0.0053 0.00058 10 81%  -533[7.37,-328) 2——————
Trivedi 2020 0224 0047 20 0463 00733 20 99%  -3.80[4.88-273 —
Subtotal (95% CI) 30 30 18.0%  -4.31[-5.71,-2.90] R

Heterogeneity: Tau®= 047, Chi®=1.67, df=1 (P = 0.20);, F= 40%
Testfor overall effect: 2= 6.02 (P = 0.00001)

Total (95% CI) 175 175 100.0% -0.59 [-1.74, 0.55] *
Heterogeneity: Tau®= 3.14; Chi*= 175.81, df= 9 (P = 0.00001); F=95% t
Testfor overall effect: Z=1.02 (P =0.31)

Testfor subaroup differences: Chi*= 27.27, df=1 (P = 0.00001), F= 96.3%

IR

i
Favours [hioceramic] Favours [epo

Xy resin]
Fig. 4. Comparison of microleakage between bioceramic and epoxy-resin sealer based on file system employed.

bioceramic sealers had better setting ability at 4 mm. They expand on
setting, generating a “self-seal,” and this expansion can reach up to 0.2%
once the setting reaction is completed.®
In terms of the dentin sealer gap, three studies”>?”>*” found that
o bioceramic sealers produced a smaller gap than epoxy resin-based
sealers. Properties like hydrophilicity, unshrinkable nature, and insol-
ubility in oral fluids contribute to reduced gap formation in bioceramic
sealers. Due to their inherent compositional features, they can also
generate calcium hydroxide and hydroxyapatite, ensuring an excellent
bond to both the dentin and the filling material.*’

To the best of our knowledge, this is the first review undertaken to
synthesize the evidence on the sealing ability of bioceramic and epoxy
resin-based sealers. One of this review’s strengths is its ability to un-
dertake a sub-group analysis, thereby reducing the methodological

SMD heterogeneity considerably. Though both the epoxy resin-based sealer
4 ) 0 2 4 and the bioceramic sealer demonstrated comparable sealing qualities,
E Subgroups — — given the statistical heterogeneity and high risk of bias concerning the
Confocal Laser OStaleDmlcmscc\pa . . R .
standardization of methodology, the results need to be interpreted with
caution.

. SE(SMD)

051

Fig. 5. Funnel plot of included studies.
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5. Clinical significance

The root canal system must be kept hermetically sealed for clinical
effectiveness, so understanding the qualities of the sealer utilized is
critical. Given the evidence that bioceramic and epoxy resin-based
sealers have similar qualities, bioceramic sealers can be used effec-
tively in clinical practice for void-free obturation and long-term success.

6. Conclusion

Root canal sealers, when utilized as an adjunctive substance in the
obturation of root canals, have a significant impact on the success of
endodontic treatment. An ideal root canal sealer should possess a perfect
combination of sealing ability and biocompatibility. We can infer from
the results that both epoxy resin-based sealer and bioceramic sealer have
equivalent adhesion capabilities, and the operator may choose the
suitable material based on other aspects.
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