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Abstract

Objective To evaluate and compare the marginal adaptation of epoxy resin-based
sealer (AH Plus) versus Bioceramic-based sealer (Total fill BC Sealer) to root
canals that were filled by single cone technique & Cold Lateral compaction
technique and utilizing scanning electron microscope (SEM).

Methods

Sixty recently extracted single-rooted mandibular premolars were disinfected.
Access cavity preparation was performed followed by cleaning and shaping, using

2.6% NaOCl as final irrigation protocol. Samples were then equally divided into 4




different groups as follows; Group A: AH Plus with CLC technique, Group B: AH
Plus with SC technique, Group C: Totalfill BC with CLC technique, and Group D:
Total fill Bioceramic sealer with single cone technique. After cleaning and
shaping, each sample was obturated with Gutta percha and the sealer according to
group of allocation. Afterwards, Transverse sectioning of each root was done at
three, six, nine millimeters from the root apex corresponding to the three thirds of
the root (apical, middle and coronal thirds). The specimens have been examined
under scanning electron microscope (SEM). A commercially accessible software
programme (SPSS Chicago, IL, USA) was used for the statistical analysis. The
mean and standard deviation were used to describe numerical data. According to
data normality, the Kruskall Wallis or ANOVA test was used to compare the data.

A P 0.05 significance threshold was used. Every test had two tails.

Results

BC sealer presented better marginal adaptation than AH Plus sealer. However, On
marginal adaption, there was no discernible difference between the two examined
obturation techniques.

Conclusion

BC sealer is a reliable and promising material that improves marginal adaptation.
Keywords: AH Plus sealer, BC sealer, Cold lateral condensation, Marginal

adaptation, Single cone obturation.

Introduction

By creating an appropriate seal against bacterial infiltration and associated
toxins, root canal filling serves to avoid canal reinfection. To accomplish this goal,
root sealers and gutta-percha (GP) are combined. Sealers establish a bond between

Gutta percha and the dentin of root canal, obliterate any remaining germs, patent




auxiliary canals, and patent several foramina. Sealers are therefore crucial to the
effectiveness of root canal treatments. Reducing the sealer amount applied and
maintaining good adaption and penetration of the sealer into root dentin can
increase the effectiveness of root sealers. greater dentin-sealer contact surface area
leads to greater antibacterial action at the sealer-dentin interface, which increases
root sealer effectiveness. However, the physical and chemical characteristics of the
sealer play a significant role in its thickness and adaptability to root dentin. (!

Due to its flow, dirﬁnsional stability, low solubility, low concentration, and
appropriate radiopacity, AH Plus is an epoxy-based sealer that has been used
extensively for many years. Resistance. Compared to glass ionomer sealers, zinc
oxide, calcium hydroxide, and calcium oxide, it has demonstrated a stronger bond

to dentin. @

Endodontic sealers of a new generation, including EndosealMTA, MTA
Fillapex, Total Fill BC, SealeriRoot SP, EndoSequence BC Sealer, and ProRoot
Endo Sealer, have been developed based on calcium silicate. When a bioceramic
sealer is setting, hydroxy apatite is formed, which eventually forms a chemical
bond between the sealer and the dentinal wall.*

Due to its simplicity and suitability for the majority of instances, lateral
compaction of cold gutta percha is a common method used by practitioners around
the world to fill root canals. Lateral compaction is the standared method for
assessing alternative obturation techniques ‘¥

Considering how well the single cone approach adapts to the canal wall, it is
commonly used. The advantage of this method is that it requires less treatment

time than lateral compaction.

Materials and methods




Sample size:

Teeth were collected from patients following ethical approval, regulations,
and guidelines of the Research Ethics Committee (REC) of Faculty of oral and
dental medicine Future University (Approval No. or REC code (12)/5- 2020. In
light of earlier research by Eltair el al (ZOIé) © There were 4 subgroups created
from the sample size. In order to determine an effect size of 0.45, a power of 80%,
and a significance level of 5%, a total sample size of 48 (12 each group) »Es
needed. To accommodate the result variable's non-parametric distribution, the
number was raised to a sample size of 52. To account for anticipated preparation-
related losses, an additional 20% increase was required, bringing the total to 60 (15

per group). Using the G power programme, sample size was estimated. "

Teeth selection:

Sixty recently extracted singﬁ rooted mandibular premolars teeth for either
periodontal or orthodontic reasons were collected from the outpatient clinic of oral
surgery department, Faculty of Oral and Dental Medicine, Future University in
Egypt. The selected teeth were examined radiographically to ensure the inclusion
standards including intact roots, mature apices, and straight single root canals.
Exclusion criteria include signs of cracks, fracture, caries, external resorption,
calcification, or internal resorption, and teeth with previous root canal treatment,

severe apical curvatures, or more than 1 root.

Preparation of teeth:
The collected teeth were soaked in 5.25% sodium hypochlorite solution

(NaOCl) for 30 minutes to remove tissue debris adhering to root surface. Any




remaining soft tissues or calculus were eliminated using an ultrasonic scaler, then
the teeth were rinsed in tap water and keeped in clean glass bottles that contained
normal saline solution (0.9%NaCl) until time of use. Before canal instrumentation,
samples were de-coronated at cementoenamel junction and standardization of root

lengths were set at 17 mm (figure 1).

Figure (1): A photograph showing root with standard length of 17 mm

Mechanical preparation:

Patent canals were ensured through manual K-file size #10. The file should
passively fit until the apical foramen can barely see its tip. Subtracting Imm from
this length yielded the working length. ProTaper Next nickel-titanium rotary
devices were utilised in accordance with the manufacturer's instructions to
mechanically prepare the root canals using the crown down technique.

Using a gentle in and out brushing action, On an Electric motor-driven ProTaper
Next rotary files were set to rotate at 300 rpm and 2 N cm of torque until the
working length was passively attained. One or more passes utilised the X1 (17/04)

éith small-sized
hand files, until the working length was attained. The X2 (25/06) file was utilised

file in the presence of NaOCI solution, alternating if necessary




in the sar&e manner as the X1 file up until the working length was passively
achieved. If the size 25 K-file was loose at the length after measuring the canal, the
canal was further shaped with an X3 (30/07) master apical file.

All canals have been properly prepared When a hand K-file with an ISO size
matching the tip size of the employed ProTaper next file fits the apical third of the
canal at the workinélength. Using a plastic disposable syringe with a side-vented
needle gauge #30, the canals were completely irrigated with 2ml of newly made
2.6% sodium hypochlorite (NaOCl) solution between each consecutive instrument.
Rubber stoppers confirmed that it was passively introduced into the canal 2 mm
short of the working length without any forceful irrigant dispensing.

The amount of irrigation solution was steady (2 ml) after each file to achieve
uniformity. A 17% ethylenediaminetetraacetic acid (EDTA) lubricant was used
with each file. After completion of instrumentation, irrigation of canals were

performed with Sodium hypochlorite 2.5% then EDTA (17%).

Alignment of samples:
The Sixty samples have been splitted to 4 equal divisions (n=15) in

accordance with the sealer and root canal obturation technique category used.

Root canal obturation:

After the biomechanical instrumentation of the root canals was finished.
ProTaper Next absorbent paper points that were the same size as the master file
(X3) were used to completely dry each root canal.

14
Group A: AH plus sealer with Cold lateral compaction technique:

The root canals were then obturated using #35/2% GP cones & AH+ with

lateral compaction technique. The master GP cone was precisely checked




visually & radiographically to fit within 0.5 mm of the working length.

Group B: AH plus sealer with single cone technique:

The samples have been obturated with the single-cone method through
appropriate selecting of the GP point (PTN-GP) that corresponds to the size
and taper of the MAF and snugly fits within 0.5 mm of the working length.
And the AH+ was used.

Group C: Total fill Bioceramic sealer with Cold lateral compaction

technique:
The root canals were obturated using size #35/2% GP cones & Totalfill BC

root canal sealer using lateral compaction technique.

Group D: Total fill Bioceramic sealer with single cone technique:

The samples have been obturated with the single-cone method utilizing the

PTN gutta percha and Totalfill Bioceramic RC sealer.

SEM assessment:
Specimen preparation

Seven days following the obturation, each root has been cut perpendicularly
to its long axis at three, six, nine millimeters from the apices (figure 2) by means of
double coated diamond end cutting disc installed on a straight hand piece under
constant water cooling. The disc was used to cut a deep groove into the outer side
of the root without reaching the internal portion of the canal; this was followed by
splitting each section by sharp chisel and mallet to obtain disk-shaped sections (n =

180).




Then cleaning of the samples in an ultrasound bath for 2 min to remove
damages or deformed surface material, every section has been properly dried &
tested via a light microscopy which was equipped with a digital camera for

confirmation that both the root canal sealer and the GP cones were not detached.

SEM imaging

Dehydration of the samples was performed through raising the percentage of
paraethylene alcoholic acid. Afterwards, the samples had been placed in AL
framing then tested via scanning electron microscopy.

Micro-photographs had been captured with magnification 3K, afterwards the
width or the inner voids in-between root canal dentine & obturating
materials(sealer) at 3 random spots within the 3 root canal thirds had been
calculated in microns/mms utilizing a specified photo device to evaluate the

marginal adaptation of the root canal sealers under testing.
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Figure (3): Images of scanning electron microscope of the coronal, middle, and apical level of the

root obturated with either AH Plus or BC sealer and Protaper Next GP by either CLC or single cone

technigue (X 2000) showing adaptation of obturation to the margin

Statistical analysis:

A commercially accessible software programme (SPSS Chicago, IL, USA) was

utilized for the statistical analysis. The mean and standard deviation were utilized

to describe numerical data. According to data normality, the Kruskall Wallis or

ANOVA test was used to contrast the data.The level of significance will be set at P

<0.05. All tests will be two tailed.

Results




There was a statistically significant difference between Coronal and the
other 2 groups (Middle and Apical). No statistically significant difference was found
between Middle and Apical groups. The highest mean value was found in Apical
followed by Middle group, while the least mean value was found in Coronal group.

As regard obturation technique there was no statistically significant
difference in-between single cone technique and the Cold lateral condensation
technique. The lowest values were found in the Cold lateral condensation group,
however the maximal values were found in the Single cone group.

As regard sealer used, there was statistic significance differences between
AH+ epoxy-resin root canal sealer group and the Total fill bioceramic root canal
sealer group. The lowest values were found in AH+ epoxy-resin root canal sealer
group plus , however the maximal values were found in the Total fill bioceramic

root canal sealer group.




Marginal adaptation
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Figure (9): Bar chart showing the effect of thirds on the margin adaptability
Discussion

The primary objective of endodontic treatment is the capability to irradicate
irritants, to clean, shape and fill the root canal three-dimensionallé and prevent
recontamination from bacterial byproducts and toxins, moreover, the long term
success In root canal_treatment is due to the three-dimensional obturation of the
root canals in order to prevent the ingress of bacteria and their toxins into the
periapical tissues.” Root canal filling with no voids and to the proper working
length are important factors affecting the efficiency of the successful endodontic
treatment.”) Appropriate physical properties of the filling material (gutta percha)
make it possible to be applied in several techniques and modalities. '” Obturation
of root canals with gutta-percha and root canal sealants is the gold standard in
RCTs. Root canal sealants have certain drawbacks despite their many advantages,
such as their inability to entirely bond with the dentin that lines the root canals.

Due to the hydrophobic nature of gutta-percha, the sealer may potentially pull




away from the gutta percha while setting. 'V As little as 1% shrinkage of root canal
sealers can produce ﬂawséarge enough for the entrance of bacteria or their
byproducts, minimising the gaps betweendw sealer and gutta-percha and/or dentin
surfaces 1s clinically relevant.inimizing the gaps between the sealer and gutta-
percha and/or dentin interfaces is clinically relevant as little as 1% shrinkage of
root canal sealers can result in imperfections that are large enough for the
penetration of bacteria or their by-products. '

Single rooted mandibular premolars were used in this study for its greater
predictability of the ﬁaning and shaping procedure.''* Teeth were collected and
then disinfected by 5.25% NaOCI solution for 30 min to remove tissue debris
adhere to root surface and reduce bacterial accumulation and to minimize the risk
of blood borne pathogen."¥!> The teeth were scaled by ultrasonic scaler to remove
hard tissue, gross debris and calculus, and were then stored in clean glass bottles
containing normal saline solution (0.9% NaCl).'® Radiographs were taken
buccolingually and mesiodistally to make sure that all the teeth were with type I
canals system according to Vertucci FJ classification, caries free with completely
formed apex with patent foramina , with no obstruction within canal system , no
crack formation or internal or external root resorption, without any anatomic
abnormalities, and without previous endodontical treatment.

To standardise samples and eliminate human variability that might be related
to the preparation of the coronal access cavity, the crowns were decapitated at the
cemento-enamel junction. which could affect the proposed root canal preparation
and obturation techniques.'” Using the ProTaper next rotary system to X3 (30/07),
all root canals were mechanically prepped in accordance with manufacturer
instructions using a crown-down technique. The coronal enlargement provided by
the crown-down approach serves as a reservoir for the irrigating solution enabling

improved irrigant penetration in the apical third while also improving root canal




debridement and reducing strains during instrumentation. '® Protaper Next is a
rotary system that has been popular for preparing root canals, and some studies
suggested that this system result in preparing a canal that is more uniform, better
centered, and rounder. It also provides a unique geometries, flexibility, efficiency,

safety, and simplicity '¥

NaOCl irrigant at 2.6% in 30-gauge side-vent Navi Tip irrigating needle has
been used in this study for its pulp solvent activity and antimicrobial properties.”
At the end of instrumentation of the root canals, the smear layer was removed by
rinsing with 2 ml of 2.6% NaOCI for I minute to remove the organic components
of the smear layer followed by 2 ml of 17% EDTA for 1 'nute to remove the
inorganic components.? EDTA can easily penetrate the dentine tubules due to its
low surface tension and eliminates the inorganic part of smear layer to a depth up
to 2.5-4 um.*» Thus bonding and adaptation of sealer to root walls is increased.*”
Studies found that the presence of smear layer may impede the penetration of
sealers into the dentingl tubules of root canals and also interfere with the adhesion
of gutta-percha.**> Finally, distilled water was applied to offset the lasting
impact of the irrigations, and the canal was dried to remove moisture.

Because a sealing substance is required to attach the gutta-percha to the root
canal walls and to cover lateral canals, auxiliary canals, voids, and irregularitieﬁ

root canal sealer is very important. Thus, enhancing the root filling's adaptability at

the dentin/material interface.?® @7

Ideally, root canal sealers must be biocompatible, have low surface tension
and have better wettability to provide fluid-tight seal.®® Epoxy resin-based root
canal sealers (AH plus) has been successfully used for many years and because its

advantages in relation to good adaptation and bond strength in comparison with




other materials.®” AH Plus is an eE‘y resin based sealer, consists of paste-paste

system and delivered in two tubes. AH Plus has a film thickness of 26 mm, which
18 clearly below the value of less than 50mm required by the ISO standard for root
canal sealing materials.®” Epoxy resin-based sealers offer noticeable physical
features and excellent apical sealing, ensuring acceptable biological performance.
However, it has a number of drawbacks with regard to clinical use, radiopacity,
and retreatability .*"

The BC sealer as described by the manufacturer is a slow-setting injectable,
pre-mixed, hydmphil'& material, based on a calcium silicate composition. It is a
water-based sealer. BC was_used for this study since it has been the most
commonly used. Its high ntibacterial activity, outstanding sealing ability,
excellent bond strength, good flowability, low shrinkage, and insoluble
properties have all been demonstrated in several in vitro studies. Its chemical
composition much stronger, which helps it penetrate deeper into the surface micro-

irregularities, as well as within the lateral root canals. ¢2:G3

hcse sealers release calcium and create an interfacial calcium phosphate
(apatite) layer when they come into contact with the physiologic solution, forming
a chemical interaction with the dentinal walls. 43

Various obturation techniques have been used in endodontics aiming to
achieve marginal adaptation and to minimize the film thickness of the cement to a
minimum.®® Cold lateral compaction (CLC) is a the most common method among
practitioners , however the main drawback of this technique is that it provides least
condensation of gutta-percha cones against each others and against the dentinal
canal walls, non-homogenous, and in between the cones has gaps.m’Nevertheless,

this technique rely on the use of the single bigger gutta 6ercha cone that matches

the size and taper of the last rotary instrument taken to the full working length of




the root canal after the canal had been properly shaped, disinfected and dried with
sterile paper points. *® The use of those gutta percha cones does not indicate the
use of ané auxiliary cones or compaction laterally or even warm compaction
vertically Wﬁn the root canal is already enlarged with the rotary instruments. ®.
The single gutta percha cone is coated with the root canal sealer and inserted
passively to the full working length resulting in a properly uniform homogenous
mass that eliminates the type of failure that might be accompanied with the use of
multiple gutta percha points. “? This simplified method is very efficient and less
time consuming than any of the traditional methods of compacting gutta percha.“"
From the clinical point of view, the patient and operator fatigue were reduced,
cervical/coronal dentin 1s more preserved, and the lateral pressure that may lead to
cracks or fractures due to the use of spreaders or pluggers is almost eliminated
resulting in more durableﬁnd successful root canal treatment. 42

In order to assure complete setting of the sealers and reduce the final setting
time, the respective sealer samples were obturated and then stored in a humidor for

a week.® To allow the sealers to set, Patri et al. @

put the samples in a humidor
for 7 days.Loushine et al.*> and Jafri et al.“*® showed EndoSequence BC forming
a more permeable matrix and have increased initial setting time (7 days) and
reduced micro-hardness of the set cement with the increase in quantity of water in
the course of the setting of sealﬁ. There are several methods to evaluate marginal
adaptation and sealing ability such as dye penetration method, electrochemical
methods, fluid filtration technique, radioisotope tracing, stereomicroscopy,
microcomputed tomography, confocalﬁser microscopy, digital imaging, leakage
test, and scan electron micrgscope®®. In this study, scanning electron microscope
was used for assessment of adaptation of sealers to canal walls and marginal gaps.

The benefit of employing SEM over other techniques is that it allows for the
1

observation of defects at the submicron level at a required magnification and




allows for theﬁreservation of microphotographs for final evaluation.” It enable
investigation of the root canal sealer penetration into the dentinal tubules,
amination of ultrastructure morphology, and evaluation of the sealer adaptation
to the radicular dentinal walls on the different levels of sectioning because it has
high depth of field, excellent magnification at the interface, and higher
resolution.® This has also been stated by ElAsfouri And Saba.*>
The roots from each group were cut transversely at three different levels
(Coronal, Middle and Apical) for examination under scanning electron microscope
to evalﬁte the adaptation of the tested sealers under each preparatory condition. In
some studies, longitudinal sections are made, especially when the coronal or
middle part of the root canal is evaluated or when the location of the evaluation 1s
not mentioned“®. Adaptation of gutta-percha in the two techniques were measured
in cross sections of the root at 3, 6, 9 mm from the apex which represent apical,
middle, coronal sections respectively. This i1s controversial to a study done by
Jarrett et al. *” who sectioned the specimens at only 2,4 mm and stated that this
research had several limitations where only two areas of the canal were evaluated
and that different findings might have been present at other levels. Sectioning was
done under copious water irrigation which was important to reduce frictional heat
with gutta-percha.®”
In our study, the highest margin adaptability values were displayed in
TotalFill bio-ceramic root canal sealer then the AH+ epoxy resin sealer. This is

explained by_the caustic and alkaline impact of calcium silicate sealant
2

moisturising groducts, which have been shown to degrade the collagenous
component of the aitermediate dentin. This may therefore make it easier for the
plugs to penetrate the dentinal tubules. ®" In addition, the bioceramic sealer has a
low contact angle, is hydrophilic, and may spread gadily across the canal wall to

provide adaptability. ©? Additionally, the primer capillary tip system may have




improved its penetration to the entire length of the canal due to the extremely tiny
particle size and ideal pre-mixed consistency given by the system.® This was in
agreement with the research by Patri et al.*», which showed that EndoSequence
BC sealers increﬁd flow and reduced film thickness. In addition, Polineni et al.
G4 noted that the alkaline nature of the bioceramic byproducts, which denatures the
collagen fibres of dentin, may allow the sealers to penetrate the dentinal tubules.
The hydrophilic sealers show greater marginal adapé'on and lower apical
microleakage values, according to Hegde and Arora® This finding contradicts
with the results obtained by Polineni et al.** who ﬁ)served a low marginal gap in
epoxy resin based sealer MM Seal, and attributed the superior adaptation of MM
Seal to its ability to bond to root dentin chemically by reacting with exposed amino
groups in collagen to form covalent bonds between the collagen and resin upon
opening of epoxide ring.*®. AH Plus is_somewhat acidic compared to alkaline
bioceramic-based sealers and may cause self-etching when in contact with dentin,
improving interfacial bonding and adaption. ¢
Alhadad et al.®” found that the better marginal adaptation of AH Plus may be
related to the EDTA used as the irrigant between instrumentation for more than 1
minute. The wetting ability of dentinal walls has been shown to be decreased H
EDTA. ®®_ which creates a condition that is conducive to the adherence of
hydrophobic materials like AH Plus and effective micro-retention. However, the
dentin surface's diminished wetting capacity prevented the at&chment of any
hydrophilic elements. ©% like Totalfill bioceramic sealer. A similar SEM
amination and founding was performed by Arikatla et al. ® who attributed the
inferior adaptation of BC sealer could be due to poor microtags formed on setting.
Disregarding the type of root canal sealer in this study, the superior margin
adaptability values were displayed in the Cold lateral compaction method then the

Single Cone obturation technique. This could be attributed by the spreader




compacting the gutta percha cones by applying pressure over the master and
accessory cones, which may provide force in both the lateral and apical directions
&at enhance adaptation to the canal imperfections. ® the Single cone obturation
technique is often associated with a good outcome in the round, narrow and regular
root canals. However, the outcome may not be that satisfactory in root canals with
irregular shapes due to the larger amounts of sealer accumulating in those
irregularities that may lead to appearance of internal voids due to the unavoidable
contraction due to setting reaction and degree of dissolution that finally results in
inferior outcome in terms of margin adaptability of sealers to the dentinal root
canal walls. Al-Sabawi et al? who found the highest marginal adaptation of
bioceramic sealer was in the root canals that were obturated with the CL
techniques. Contrary to this finding, Inan et al. ®" and Ismail et al.®® in their study
reported less adaptation in samples obturated using lateral compaction technique
compared to single ca‘ne obturation technique.

The creationé)f a non-homogenous mass of gutta percha that does not
properly reproduce the prepared root canal space and does not adequately obturate
simulated lateral canals may be the cause of the greater number_of gaps in the

6964 reported similar

samples obturated using the CLC technique. Some authors
adaptation with single cone and Eteral compaction groups. According to them, in
the case of CLC technique, the spreader penetration causes satisfactory marginal
adaptation, and in the case of the SC technique, the cone having the same taper
with the rotary nickle titanium instruments provide good marginal adaptation. The
SC technique showed less marginal adaptation and larger mean of gaps especially
at the apical section of the root. Additionally, Celikten et al. *? discovered that
voids existed for all root filling and obturation techniques. With the studied

bioceramic sealer, void volumes were largest for the SC method and lowest for

CLC at all levels..




In this study, Eue coronal section had significantly fewer gaps than the apical

and middle sections. For all samples, there were more gaps at the apical level than
at the coronal level. The reduced density and diameter of dentinal tubules found at
the apical area can be used to explain this disparity.®® Additionally, the
intermolecular surface energy and cleanliness of the dentin as well as the surface
tension and wetting ability of the sealant have a significant role in ge degree of
the sealer's adhesion to the dentin wall. Different surface energies and levels of
cleanliness can be found in the coronal, intermediate, and apical regions of dentin.
Since it can be challenging to remove the smear layer in the apical area, cleanliness
is a crucial component for sealer adaptation. It was proposed that the disparities
between the apical and coronal regions may be caused by the reduced density and
diameter of dentin tubules in the apical regions. The smear layer frequently
prevents sealer passage to the dentin tubules. " This result supports the
explanation put forth by Arikatla et al. 3%, who connected it to the reduced density
and smaller diameter of dentinal tubules present in the apical area.

According to Polineni et al.'s ¥ research, the apical third's difficult smear
layer removal may serve as a physical barrier that prevents the sealer from
adhering to the root canal dentin in addition to the low density and diameter of
dentinal tubules there.

Conclusion

Within the limitation of this study, it could be concluded that bioceramic
sealer is an appropriate, reliable and promising material that improves the
marginal adaptation. Technigues of obturation Ead an effect on the marginal

adaptation of the sealer to the root canal walls where (CLC) lateral condensation




method proved to be credible method enhancing the adaptability to the dentinal

root canal walls.




References

1) El Hachem R, Khalil I, Le Brun G, et al. Dentinal tubule penetration of AH
Plus, BC Sealer and a novel tricalcium silicate sealer: a confocal laser scanning
microscopy study. Clin Oral Invest 23: 1871-1876. 2019

2) Lee JK, Kwak SW, Ha JH, Lee W, Kim HC. Physicochemical Properties of
Epoxy Resin-Based and Bioceramic-Based Root Canal Sealers. Bioinorg Chem
Appl. 12: 25-38.2017.

3) Talwar S, Bhanot S,Narwal P. et al. Bioceramic Based Sealers: A Review
Article. TAR J Med Sci. 2:115-20.2021

4) Bhandi S, Mashyakhy M, Abumelha AS, et al Complete Obturation—Cold
Lateral Condensation vs. Thermoplastic Techniques: A Systematic Review of
Micro-CT Studies. Materials.14:4013.2021

5) El-Shereif SM, Rabie MI. Clinical evaluation of root canal obturation quality
using two different sealers and obturation techniques by cone beam computerized
tomography (in-vivo study). EDJ. 64: 4039-48.2018.

6) Eltair, M., Pitchika, V., Hickel, R., Kiihnisch, J., & Diegritz, C. Evaluation
of the interface between gutta-percha and two types of sealers using scanning
electron microscopy (SEM). Clin Oral Investig. 22;1631-39.2017.

7) Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. G¥Power 3: A flexible
statistical power analysis program for the social, behavioral, and biomedical
sciences. Behavior Research Methods.2007; 39 (1): 175-91.

8) Kabini SN, Moodley DS, Parker ME, Patel N. An in-vitro comparative micro-
computed tomographic evaluation of three obturation systems. SADJ 73:216-

20.2018.




9) Agarwal MK, H.P. Trivedi, Gupta L. et al. Comparative Evaluation of Anti
Bacterial Activity of Four Endodontic Sealers on Enterococcus Faecalis - An in
Vitro Study. National Research Denticon, 9;100-11.2020.

10) Elizabeth A. Chybowski, Gerald N. Glickman, Yogesh Patel, Alex Fleury,
Eric Solomon, Jianing He. Clinical Outcome of Non-Surgical Root Canal
Treatment Using a Single-cone Technique with Endosequence Bioceramic Sealer:
A Retrospective Analysis, JOE 44;941-45.2018.

11) Patel, Bobby. Endodontic Treatment, Retreatment, and Surgery Il Non-surgical
Root Canal Retreatment.10; 225-58.2016.

12) Manju Kumari, Sonali Taneja, Shiana Bansal, Comparison of apical sealing
ability of lateral compaction and single cone gutta percha techniques using
different sealers: An in vitro study, JPFA (India Section). 31;67-72.2017.

13) Amal F., Aswathy Y, Jenaki EV, et al. Efficacy of various rotary retreatment
mstruments for gutta percha removal: An in vitro study, Int. J. Appl. Dent. Sci. 6;
242-24.2020.

14) Sandhu SV, TiwRi R, Bhullar RK. Sterilization of extracted human teeth: A
comparative analysis. J Oral Biol Craniofac Res.2;170-75.2012.

15) AkcayM, Arslan H, Durmus N, Mese M, and Capar 1. Dentinal Tubule
Penetration of AH Plus, iRoot SP, MTA Fillapex, and GuttaFlow Bioseal Root
Canal Sealers After Different Final Irrigation Procedures.A Confocal Microscopic
Study. Lasers in Surgery and Medicine. 48;70-76.2016.

16) Topguoglu HS, Zan R, Akpek F, et al. Apically extruded debris during root
canal preparation using Vortex Blue, K3XF, ProTaper Next and Reciproc
instruments. Int Endod J. 49:1183-87.2016.

17) Hamze F, Honardar K, Nazarimoghadam K. Comparison of two canal
preparation techniques using mtwo rotary instruments. Iran Endod J.6;150-

54.2011.




18) Elnaghy AM, Elsaka SE. Assessment of the mechanical properties of
ProTaper Next Nickel-titanium rotary files. J] Endod .40;1830-34.2014.

19) Dubey S. Comparative antimicrobial efficacy of herbal alternatives (Emblica
officinalis, Psidium guajava), MTAD, and 2.5% sodium hypochlorite against
Enterococcus faecalis: An in vitro study. J Oral Biol Craniofac Res. 6;45-48.2016.
20) Kamble AB, Abraham S, Kakde DD, Shashidhar C, Mehta DL. Scanning
Electron Microscopic Evaluation of Efficacy of 17% Ethylenediaminetetraacetic
Acid and Chitosan for Smear Layer Removal with Ultrasonics: An In vitro Study.
Contemp Clin Dent.8;621-26.2017.

21) Kikly, A., Jaafoura, S., Kammoun, D., & Sahtout, S. Sealing Ability of
Endodontic Cements: An In Vitro Study. Int. J. Dent 1-7.2020.

22) Yaman S., Mumcu A. Evaluation of Dentinal Tubule Penetration of NeoMTA
Plus in the Presence of EDTA and Etidronic Acid. J Dent Res Dent Clin Dent
Prospects. 10;27-34 2021.

23) Beraldo A.,Silva R., Antunes A., Silveira F., Nunes E., Scanning Electron
Microscopic Evaluation of Smear Layer Removal Using Isolated or Interweaving
EDTA with Sodium Hypochlorite.12;55-59.2017.

24) Dabaj P, Kalender A, Eldeniz AU. Push-out bond strength and SEM
evaluation in roots filled with two different techniques using new and conventional
sealers Materials. 11;1-10.2018.

25) Wang Y, Liu S, Dong Y. In vitro study of dentinal tubule penetration

and filling quality of bioceramic sealer. PLoS One. 13;1-11.2018.

26) Ahmed, H. . The effect of an additional application of sealer during
continuous wave of condensation obturation.2017 (Thesis, Doctor of Clinical

Dentistry). University of Otago.




27) Bergmans L, Moisiadis P, De Munck J, Van Meerbeek B, Lambrechts P.
Effect of polymerization shrinkage on the sealing capacity of resin fillers for
endodontic use. J Adhes Dent. 7:321-29.2005.

28) Ali, M. S., & Kano, B. Endodontic materials: from old materials to recent
advances. Advanced Dental Biomaterials. 255-99.2019.

29) El-Shershaby Y. Evaluation of Push out Bond Strength of Different
Endodontic Sealers with Different Obturation Techniques.9;455-61.2020

30) Kamha S., Enan H. Push out bond strength of root canal filling with epoxy
resin based, MTA-based AND bioceramic-based endodontics sealers.64:1707-
18.2018.

31) Eid B, and Abdel Gawad R. Assessment of two root canal sealers push-out
bond strength in root canals obturated using two different obturation techniques.
65; 1487-94.2019.

32) Asawaworarit W, Pinyosopon T, Kijsamanmith K. Comparison of apical
sealing ability of bioceramic sealer and epoxy resin-based sealer using the fluid
filtration technique and scanning electron microscopy. J Dent Sci .9;1-7.2019.
33) Dabaj P, Kalender A, Eldeniz AU. Push-out bond strength and SEM
evaluation in roots filled with two different techniques using new and conventional
sealers Materials (Basel). 11;1-10.2018.

34) Arikatla SK, Chalasani U, Mandava J, Yelisela RK. Interfacial adaptation
and penetration depth of bioceramic endodontic sealers. J Conserv Dent. 21;373-
77.2018.

35) ElAsfouri, H., Saba, A. Comparative Evaluation of the Adaptation of Two
Calcium Silicate-Based Endodontic Sealers with a Conventional Resin-Based
Sealer to Dentinal Walls: An In vitro Scanning Electron Microscopic Study. EDJ.
65; 2481-89.2019.




36) Dasari L, Anwarullah A, Mandava J, Konagala RK, Karumuri S,
Chellapilla PK. Influence of obturation technique on penetration depth and
adaptation of a bioceramic root canal sealer. J Conserv Dent. 23;505-11.2020.
37)Ho ES, Chang JW, Cheung GS. Quality of root canal fillings using three
gutta-percha obturation techniques. Restor Dent Endod. 41;22-28.2016.

38) El-Shereif S., Rabie M. Clinical evaluation of root canal obturation quality
using two differentssealer and obturation techniques by cone beam computerized
tomography (in-vivo study).EDJ.64; 4039:48 .2018.

39) Lee Y., Kim S., Shin S. Volume Percentage of Filling Voids in Root Canals
Prepared by a Novel Nickel-Titanium Rotary System (TruNatomy) Using Two
Different Obturation Techniques. Materials (Basel).14:3846.2021.

40) Ahluwalia Y, Sharma U, Kumar N, Malik A, Singh A, Narayan A.
Adaptation of Single-Cone Gutta-Percha in Curved Canals Prepared and Obturated
with Protaper and Heroshaper Systems by Using Cone Beam Computed
Tomography. J Int Soc Prev Community Dent. 9;185-93.2019.

41) Castagnola R., Marigo L., Peccir., Bedini R., M. Cordaro M., Coppolael.,
Lajolo C. Micro-CT evaluation of two different root canal filling techniques. 22;
4778-83.2018.

42) Al-sabawi N ,Yahya M , Shebab N Effect of four different root canal
obturation techniques on marginal adaptation of bioceramic sealer: An in vitro
scanning electron microscopic study J International Oral Health.12 ; 455-62. 2020.
43) Loushine BA, Bryan TE, Looney SW. Setting properties and cytotoxicity
evaluation of a premixed bioceramic root canal sealer. J Endod 37;673-77.2011.
44) Patri G, Agrawal P, Anushree N, et al. A Scanning Electron Microscope
Analysis of Sealing Potential and Marginal Adaptation of Different Root Canal
Sealers to Dentin: An In Vitro study. J Contemp Dent Pract. 21;73-77.2020.




45) Jafari F, Jafari S. Composition and physicochemical properties of calcium
silicate based sealers: A review article.J Clin Exp Dent.9;1249-55.2017.

46) Jarrett IS., Marx D.,Covey D., et al. Percentage of canals filled in apical
cross sections an in vitro study of seven obturation techniques . Int. Endodon. J.
37:392-98.2004.

47)Schiifer E, Schrenker C, Zupanc J, Biirklein S. Percentage of Gutta-percha
Filled Areas in Canals Obturated with Cross-linked Gutta-percha Core-carrier
Systems, Single-Cone and Lateral Compaction Technique. J Endod. 42;294-
98.2016.

48) Zafar M. Iravani M. Eghbal MJ. Asgary S. Coronal and apical sealing
ability of a new endodontic cement. Iran Endod J. 4; 15-19.2009.

49)Atmeh AR, Chong EZ, Richard G, Festy F, Watson TF. Dentin cement
interfacial interaction: calcium silicates and polyalkenoates. J Dent Res 91: 454-
59.2012.

50) McMichael GE, Primus CM, Opperman LA. Dentinal tubule penetration of
tricalcium silicate sealers. J Endod. 42: 632-36.2016.

51) Hegde V, Arora S. Sealing ability of three hydrophilic single-cone obturation
systems: An in vitro glucose leakage study. Contemp Clin Dent 6;86-89.2015.
52) Celikten B, F. Uzuntas C, Orhan A, et al. Micro-CT assessment of the
sealing ability of three root canal filling techniques. J Oral Sci. 57; 361-66.2016.
53)Gade V], Belsare LD, Patil S. Bhede R. Gade JR. Evaluation of push - out
bond strength of endosequence BC sealer with lateral condensation and
thermoplasticized technique: An in vitro study. J Conserv Dent.18: 124-27. 2015.
54) Polineni S, Bolla N, Mandava P. Marginal adaptation of root canal sealers to

dentin: a SEM study. J Conserv Dent.19; 360-63.2016.




55) Dogan Buzoglu H. Calt S, Giimiisderelioglu M. Evaluation of the surface
free energy on root canal dentine walls treated with chelating agents and NaOCI.
Int Endod J.40:18-24.2007.

56)Hashem A A, Ghoneim AG, Lutfy RA, Fouda MY. The effect of different
irrigating solutions on bond strength of two root canal-filling systems. J Endod.
35;537-40.2009.

57) Al-haddad, A., Abu kasim, N. H., & CHE Ab aziz, Z. A. Interfacial
adaptation and thickness of bioceramic-based root canal sealers Dent Mater J.34;
516-21.2016.

58) McMichael GE, Primus CM, Opperman LA Dentinal tubule penetration of
tricalcium silicate sealers. J Endod. 42: 632-36.2016.

59) Ozcan M and Volpato C. Current perspectives on dental adhesion: Adhesion
to intraradicular dentin: Concepts and applications, Jpn Dent Sci Rev. 56;216-
23.2020.

60) Al-Hiyasat AS, Alfirjani SA. The effect of obturation techniques on the push-
out bond strength of a premixed bioceramic root canal sealer. J Dent.
89:103169.2019.

61) Inan U, Aydin C, Tunca YM, Basak F. In vitro evaluation of matched-taper
single-cone obturation with a fluid filtration method. J Can Dent Assoc.
75;123.2009.

62) Ismail SA, Al-Ashou WMO, Al-Askary RA. Evaluation of the apical seal in
root canals prepared with rotary protaper files and obturated by different methods.
Al-Rafidain Dent J. 11;390-96.2011.

63) Yilmaz Z, Tuncel B, Ozdemir HO, Serper A. Microleakage evaluation of
roots filled with different obturation techniques and sealer. Oral Surg Oral Med

Oral Pathol Oral Radiol Endod. 108:124-28.20009.




64) Perez Heredia M, Clavero Gonzalez J ,Ferrer Luque CM, Gonzalez
Rodriguez MP.Apical seal comparison of low temperature thermoplasticized gutta
percha technique and lateral condensation with two different master cones. Med
Oral Patol Oral Cir Bucal. 12:175-79.2007.

65) Violich DR. Chandler NP. The smear layer in endodontics A review. Int
Endod J.43; 2-15.2010.

66) Kabini SN, Moodley DS, Parker ME, Patel N An in-vitro comparative micro
computed tomographic evaluation of three obturation system. 73;216-20.2018.




Comparative Evaluation of Marginal Adaptation of Two
Sealers with Two Different Obturation Techniques Using
SEM (AN IN VITRO STUDY)

ORIGINALITY REPORT

20y

SIMILARITY INDEX

PRIMARY SOURCES

Jl'rigrr'wgtrg.in 160 words — 3%
llitr;ﬁé?pringer.com 110 words — 2%
I(rlwltiegrri]'gtaIcommons.aaru.edu.jo 109 words — 2%
I\:}\{(\B/r\:]\(/e\t/.researchgate.net 94 words — 2%
Iinr:efrf]Jertmaticsjournals.com 28 words — 2%
H Itnftweijectdp.com 58 words — 1 %
downloads.hindawi.com 40 words — | 0%

Internet

. 0
www.revistas.usp.br 40 words — 1 /0

Internet



— — — —
w N — o

—
AN

Mah Badr. "A f inal i 0
ahmoud Badr ssess.ment of margina adaptat.lon39 words — 1 /0
of AH plus versus Total fill BC root canal sealers with

two different obturation techniques using SEM ( An invitro

study )", Egyptian Dental Journal, 2022

Crossref

. . . 0
ﬁgrtges;on.ad.lr 37 words — | )0

. . 0
I\:}\:{\e/r\:]\;\t/.|oerournaIs.org 37 words — 1 )0

| 0
coek.info 39 words — | )0

Internet

" H H . . . O
Partlally fulfills rqulrﬁments of obtaining master 29 words — 1 /0

degree in endodontics", Mansoura Journal of

Dentistry, 2020

Crossref

WU., Daming, Zhijuan TANG, ggangdong ZHANG, and 28 words — 'I %
Weihong LIU. "The sealing ability of a new silicone-

based root canal filling material (GuttaFlow): an in vitro study

using the percentage of gutta-percha-filled area", Dental

Materials Journal, 2011.

Crossref

i 0
J. Craig Baumgartner, Stephen Johal, ). Gordon 27 words — 1 /0

Marshall. "Comparison of the Antimicrobial Efficacy
of 1.3% NaOCl/BioPure MTAD to 5.25% NaOCl/15% EDTA for
Root Canal Irrigation", Journal of Endodontics, 2007

Crossref

Heba ElAsfouri, Abeer Ahmed Saba. "Comparative 'I %
: . : . 25 words —

Evaluation of the Adaptation of Two Calcium Silicate-

Based Endodontic Sealers with a Conventional Resin-Based



Sealer to Dentinal Walls: An In vitro Scanning Electron
Microscopic Study", Egyptian Dental Journal, 2019

Crossref

OFF
ON <9 WORDS



	Untitled

