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INTRODUCTION

The goal of endodontic therapy is to completely eliminate bacterial load
from the pulpal canals and fill the root canal system three dimensionally. The
three-dimensional obturation of root canal system, is widely accepted as one
of the major determinants for the success of root canal treatment. An
inadequate root canal filling during obturation results in the re- entry and re-
growth of microorganisms in the root canal, which causes irritation to the
periapical tissue and compromises the treatment outcomes.' Though different
materials are available for root canal obturation, the use of gutta-percha cones

along with a root canal sealer, still remains as the accepted material of choice.?

As the root canal system is very complex in nature, pulp tissue and
inorganic debris remaining in areas where the instruments and irrigation
solutions cannot easily access during the endodontic treatment procedure are
left undisturbed. These serve as a source of nutrition for the microorganisms
surviving in the root canal, resulting in their growth and spread to the
periradicular areas through the interface between the sealer and dentin.?
Microleakage is one of the major causes for endodontic treatment failure,
which occurs mainly due to poor adaptation between the gutta-percha and the
sealer, the sealer and the dentin or through certain voids that may be present
within the sealer. Hence it is essential to use an effective root canal sealer in

order to fill in the irregularities and also to penetrate into the dentinal tubules
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for obtaining a 3- dimensional, hermetic seal. It is also important that the root
canal sealers should promote adherence between the gutta-percha and dentinal
walls for preventing the occurrence of gaps or voids at the sealer-dentine

interface.

The long term success of endodontic therapy depends on a completely
sealed root filling after root canal obturation. Poorly filled areas in the root
canal system act as a source of bacterial growth and accounts for about 58% of
endodontic treatment failures Wide varieties of sealers have been used in

combination with gutta-percha for obtaining the hermetic seal.?

Grossman described an ideal root canal sealer as the one that, provides
an excellent hermetic seal when set; is tacky when mixed to provide adequate
adhesion between itself and the root canal walls; does not shrink upon setting;

is radiopaque; is tissue tolerant; is non staining and dimensionally stable.

Currently available commercial root canal sealers can be broadly
categorized as: ZOE- based sealers, non- eugenol based sealers, calcium
hydroxide- based sealers, resin-based sealers, glass ionomer- based sealers,
silicone- based sealers and more recently introduced, calcium silicate based

root canal sealers.*

Traditionally, endodontic sealers based on ZOE were used, but the
major disadvantage with them was the poor sealing efficacy and bonding

ability to both the core material as well as the root canal wall. Various
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modifications have been made in the sealer chemistry and formulation to

improve the penetration and bond strength of sealers.

ZOE sealers have a long history of successful use in Endodontics for
root canal obturation for over a 100 years, but gets resorbed if it is extruded
into the periapical tissue. It has a prolonged setting time, exhibits high
solubility, undergoes setting shrinkage and can even stain the tooth structure.
The indication of using zinc oxide eugenol sealer is related to its antimicrobial
activity and popularity among clinicians, especially because it can be used
with the thermoplasticized obturation technique also.* But studies have shown
that, eugenol may leak from the zinc oxide eugenol sealers, which exerts
certain toxic effects in the periapex and also decrease the transmission in the

nerve fibres. This effect is persistent even after the setting of the material.

Calcium hydroxide sealers are shown to exhibit antimicrobial activity,
as well as osteogenic and cementogenic potential, which is exerted via the
leaching of calcium and hydroxyl ions into the surrounding tissues. The
rationale for incorporation of calcium hydroxide to root canal sealers is
derived from observations of the activity of cavity liners and bases containing
calcium hydroxide, mainly due to their antibacterial and tissue regenerating
ability.® Solubility is required for the release of calcium hydroxide and its
sustained activity which is not consistent with the criteria of an ideal root
canal sealer. Sealapex is a calcium hydroxide based sealer that has good

biological properties and apical sealing capacity. The original composition of
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the material has been modified by the manufacturer by the addition of
bismuth trioxide for improving its radiopacity and increasing its shelf life.”
Calcium hydroxide based sealers exhibit a property of dissolution when it
comes in contact with the periradicular tissues, similar to that of zinc oxide

eugenol based and glass ionomer based sealers.*

Resin sealers also have been in use for a long period. It provides a good
adhesion to the dentin walls and does not contain eugenol as a component.
AH26 is a slow setting epoxy resin based sealer, that was shown to release
formaldehyde when setting. A modified formulation of AH26, is AH Plus
which on setting does not cause a release of formaldehyde. It does not resorb
easily and may also produce a short-term inflammatory response. Studies have
shown that on immersion in water for a period of 30 days, AH Plus exhibits a
slight shrinkage, even though it meets the criteria of 1SO 6876/2001.*
EndoREZ is a dual cure methacrylate resin-based sealer with hydrophilic
properties, that has shown to bond with the canal walls as well as the core

material.

However, because of hydrophobic nature of the gutta percha, the root
canal sealers have a tendency to pull away from it upon setting. In order to
overcome these shortcomings, various new sealer systems are being

introduced to enhance and improve their sealing abilities.

Bioceramics are inorganic, nonmetallic and biocompatible materials

having similar mechanical properties to that of the dental hard tissues. They
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are chemically stable, non-corrosive and interact well with the organic tissue.
These sealers were developed as they could induce bioactivity on the material
surface when it comes in contact with tissue fluids. Tricalcium silicate
hydration with the phosphates present in tissue fluids results in the formation
of calcium hydroxide. An interaction of these materials with the dentin has
been termed as the mineral infiltration zone.® Newer bioceramic sealers have
shown to possess a very high bond strength with dentin walls, owing to the
formation of hydroxyapatite crystals. Bioroot RCS and MTA Fillapex are

bioceramic based sealers with basic differences in its composition.?

Tricalcium silicate-based sealers have been introduced by Holland et
al., after the increase in popularity of mineral trioxide aggregate due to its
calcium releasing ability and bioactivity.”> The first sealer based on tricalcium
silicate was MTA Fillapex, which is mainly composed of a salicylate resin
matrix, silica and mineral trioxide aggregate being a minor component.
Although the main scope of using a tricalcium silicate—based sealer is the
release of calcium hydroxide from the material, MTA Fillapex has been shown
to be inert and no calcium hydroxide was formed when the material set and
also exhibits low calcium ion release in solution. However, MTA Fillapex
complies with ISO 6876 and is also stable when used with warm vertical

compaction techniques.®

More recently, a new water- based, tricalcium silicate-based sealer was

introduced which is BioRoot RCS. It is composed of tricalcium silicate and
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zirconium oxide. BioRoot RCS releases calcium hydroxide after setting,
which was absent in MTA Fillapex.” BioRootRCS is a water based sealer and
hence, it should be used with a single-cone obturation technique rather than
warm vertical compaction because the chemical properties of the sealer are

changed when heated.

According to Erickson, penetration of root canal sealers into dentinal
tubules is essential to achieve a good bond strength. The stability of the bond
formed between the root dentin and the gutta-percha interface reduced the
failure associated with leakage of the material. Evaluation of the sealing
ability of the sealer to both root dentin wall and gutta percha has been
considered as an important parameter to assess, with the introduction of each

new sealer.’

The aim of the present in vitro scanning electron microscopic study is
to determine the sealing ability of gutta percha with a tricalcium silicate based
sealer (Bioroot RCS), a salicylate resin based sealer (MTA Fillapex) and a

calcium hydroxide based sealer (Sealapex) to the root dentine.
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AIM AND OBJECTIVES

AlM :

Aim of this in vitro study was to evaluate the sealing ability of three
endodontic sealers, BioRoot RCS (a tricalcium silicate based sealer), MTA
Fillapex (a salicylate resin based sealer) and Sealapex (a calcium hydroxide
based sealer) with gutta-percha cones to the dentinal walls, using scanning

electron microscopy.

OBJECTIVES:

1. To evaluate the sealing ability of BioRoot RCS, MTA Fillapex,
Sealapex and ZOE sealers at the cervical, middle and apical thirds.

2. To compare the sealing ability of BioRoot RCS, MTA Fillapex,
Sealapex and ZOE root canal sealers.

3. To evaluate which experimental sealer shows more gap formation and
less sealing ability and which ones show less gap formation and more

sealing ability.
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REVIEW OF LITERATURE

ERIC J. HOVLAND et al (1985)° compared Sealapex with two other
root canal sealers for leakage in gutta-percha filled extracted teeth using a
silver stain technique. The extent of leakage in vitro in the root canal systems
over a 30-day period between the three root canal sealers was not statistically
different. However, each sealer group leaked significantly less than the control
group filled with gutta-percha only. The results support previous findings that

a sealer with gutta-percha prevents apical leakage of the root canal system.

Bradley H. Gettleman et al (1991)™ assessed the influence of a smear
layer on the adhesion of sealer cements likeAH26, Sultan, and Sealapex to
dentin. The results show significant differences (p <0.001) among AH26,
Sultan, and Sealapex, with AH26 being the strongest and Sealapex being the
weakest. The only significant difference with regard to the presence or
absence of the smear layer was found with AH26, which had a stronger bond

when the smear layer was removed.

Kwang-Won Lee et al (2002)*! compared four classes of endodontic
sealers (Kerr, a ZOE-based sealer; Sealapex, a calcium hydroxide-based
sealer; AH 26, an epoxy resin based system; and Ketac-Endo, a glass-ionomer
based sealer) for their ability to bond to dentin or gutta-percha. The results
indicated that sealant bond strengths to dentin were: Kerr 0.13 -0.02; Sealapex

0.30 - 0.08; Ketac-Endo 0.80 - 0.24; AH 26 2.06 - 0.53 MPa. The latter two
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were significantly different (p < 0.05) from the first two sealers and from
themselves. The sealant bond strength to gutta-percha, from lowest to highest
were: Ketac- Endo 0.19 - 0.01; Sealapex 0.22 - 0.01; Kerr 1.07 -0.19;
AH 26 2.93 - 0.29 MPa. AH 26 gave the significantly highest bonds to gutta-

percha.

Gustavo De-Deus et al (2003)'? compared the depth of tubular
dentinal penetration of sealer in three filling techniques. Seventy two teeth
maxillary central incisors were instrumented and randomly divided in three
groups A, B and C and obturated as following: A: lateral condensation; B:
single cone technique and C: warm vertical compaction of gutta percha. Each
sample was sectioned longitudinally and prepared for SEM analysis. They
concluded that the samples filled by warm vertical compaction of gutta-percha
presented significantly deeper tubular sealer penetration than lateral

condensation and single cone techniques.

K. Mamootil et al (2007)** compared the depth and consistency of
penetration of three different root canal sealer cements into dentinal tubules in
extracted teeth and measured the penetration of an epoxy resin-based sealer
cement in vivo. Root canals of 50 extracted human pre-molar teeth were
prepared and obturated using three different sealer cements based on epoxy
resin(AH26), zinc oxide eugenol (Pulp Canal Sealer EWT) and methacrylate
resin (EndoREZ). Five teeth filled without sealer were used as controls. Teeth

were sectioned and prepared for observation using scanning electron
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microscopy. The depth and consistency of dentinal tubule penetration of sealer
cements appears to be influenced by the chemical and physical characteristics
of the materials. Resin-based sealers displayed deeper and more consistent

penetration.

Norberto Batista de Faria-Junior et al (2010)** evaluated the flow
rate of the Acroseal, AH Plus, Endomethasone N, Sealapex, and ActiV GP
according to the standards of the ISO specification 6876/2001. It was
concluded that only the Endomethasone N did not conform to ISO
Specification that requires that a sealer shall have a diameter of not less than
20 mm. The Sealapex achieved the greatest flow, but it did not differ from

Activ GP and AH Plus (P>0.5).

Mirjana Vujaskovié¢ et al (2010)" evaluated the adhesion of the root
canal filling to dentin and gutta-percha using scanning electronic microscopy.
The sealing ability of endodontic sealers to dentinal walls of the root canal
was assessed in recently extracted human single canal premolars. Twenty teeth
were prepared using the crown-down technique and irrigated with 3% NaOCI.
A total of 20 samples were divided into two groups. The root canals were
obturated using Ketac-Endo Aplicap and GutaFlow. The sealing ability and
adhesion properties at the sealer-dentin interface were studied using SEM and
the results were rated from 1 to 3; extremely good adhesion (rated 1), good
adhesion (rated 2) and a relatively good adhesion (rated 3). They concluded

that GuttaFlow had a strong sealing ability and excellent adhesion to dentinal

10
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walls and gutta-percha cones. Ketac-Endo showed excellent bond to dentin
with a slightly weaker adhesion capacity to the gutta-percha cones in

comparison to GuttaFlow.

Seyda Ersahan et al (2010)* evaluated the push-out bond strength of
iRoot SP (Innovative Bioceramix, Vancouver, Canada) and compared it with
that of other widely used root canal sealers. Sixty extracted human maxillary
canines were sectioned transversally below the cement-enamel junction to
obtain 120 4-mm-thick dentin disks that were randomly divided into four
groups (n = 30) for treatment with one of four different root-canal sealers
(iRoot SP, AH Plus, Sealapex, EndoREZ). Standardized cavities were
prepared to simulate root canals, cavities were filled with sealer material, and
push-out bond-strength testing was performed using a universal testing
machine. Failure modes were assessed quantitatively under a
stereomicroscope and morphologically under a scanning electron microscope.
It was concluded that iRoot SP and AH Plus performed similarly and better

than EndoREZ and Sealapex in terms of bond strength.

Vasconcelos et al (2010)* evaluated the sealing ability of five root
canal sealers, including two experimental cements (MBP and MTA-Obtura)
using the fluid filtration method. Teeth were divided into 5 study groups: G1-
AH Plus; G2-Acroseal; G3-Sealapex; G4-MBP; G5-MTA-Obtura; and two
controls. Chemical-mechanical preparation was performed with ProFile rotary

nickel-titanium instruments 1 mm short of the apical foramen. The sealing

11
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ability was evaluated by fluid filtration at 15, 30, and 60 days. AH Plus and
MBP had similar leakage values at 15 and 60days, alternating with significant
reduction at 30 days, while the other materials showed progressive increase in
leakage values. All sealers evaluated presented fluid leakage, with AH Plus
and MBP showing the best results at the end of the experimental period.
Acroseal, Sealapex, and MTA-Obtura presented increase in leakage values at

longer observation periods.

Jodo Eduardo Gomes-Filho et al (2011)* evaluated the apical
sealability of Fillapex, Endo-CPM-Sealer and Sealapex. Ninety-four freshly
extracted single-rooted teeth were selected and decoronated. The teeth were
randomly divided in groups of 10 specimens each according to the sealer, and
the canals were filled using the single cone technique and one of the sealers.
Four additional teeth were used as controls. The teeth were submitted to dye
leakage with Rhodamine B. It was concluded that Fillapex and Sealapex were

able to prevent apical dye leakage differently from Endo-CPM-Sealer.

Eric Balguerie et al (2011)" assessed the tubular adaptation and
penetration depth and the adaptation to the root canal walls in the apical,
middle, and coronal third of the root canal of 5 different sealers (AH Plus,
Acroseal, Endobtur, Ketac Endo, RSA) used in combination with softened
gutta-percha cones, in vitro. Fifty-two single-rooted teeth were prepared and
filled with 5 different sealers and softened gutta-percha cones. Thereafter, the

roots were cross sectioned and prepared for scanning electron microscopic

12



Review of literature

evaluation. Adaptation of the sealer to the root canal and tubular walls and
tubular penetration were assessed. It was concluded that the tubular
penetration and adaptation varies with the different physical and chemical
properties of the sealers used. AH Plus showed the most optimal tubular

penetration and adaptation to the root canal wall of the sealers tested.

Seyda Ersahan et al (2012)%° assessed and compared the water
sorption, solubility and apical sealing ability of iRoot SP and three other
widely used root canal sealers, by immersing standardized samples of calcium
silicate- (iRoot SP), calcium hydroxide- (Sealapex), methacrylate resin-
(EndoREZ) and epoxy resin- (AH Plus) based sealers in distilled water and
measuring weight gain and weight loss at 6 h, 24 h and daily for 14 days.
EndoREZ exhibited the highest water sorption, followed by iRoot SP,
Sealapex and AH Plus. Sealapex exhibited significantly higher solubility than
the other sealers, whereas no significant differences in solubility levels were
observed between the other three sealers tested. In conclusion, all tested
sealers except Sealapex met the ANSI/ADA’s requirements for solubility and
no difference was found between AH Plus and iRoot SP in terms of apical

sealing ability.

1.S. S6nmez et al (2012)? evaluated the apical microleakage of a new
MTA-based sealer; MTA Fillapex (Angelus) and compare it with ProRoot
MTA (Dentsply) and AH Plus (Dentsply). 51 single-rooted teeth were selected

and the roots were prepared using rotary system. The samples were divided

13
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randomly into 3 groups (n=15). Six roots were used as positive and negative
controls. The teeth were obturated with respectively; 1. AH Plus and gutta
percha (DiaDent); 2. MTA Fillapex and gutta percha; 3. ProRoot MTA. 51
single-rooted teeth were selected and the roots were prepared using rotary
system. The samples were divided randomly into 3 groups (n=15). Six roots
were used as positive and negative controls. The teeth were obturated with
respectively; 1. AH Plus and gutta percha; 2. MTA Fillapex and gutta percha ;
3. ProRoot MTA. MTA Fillapex group had significantly higher microleakage
values (p<0.05). There was no statistically significant differences among MTA
and AH Plus groups (p>0.05). It was concluded that he sealing ability of AH
Plus and MTA is similar whilst MTA Fillapex had shown more microleakage

than the other two materials.

Kumar N S et al (2013)? evaluated the apical sealing ability and
adaptation of two resin-based sealers to dentin. Fifty freshly extracted
mandibular first premolars were taken and sectioned at the cementoenamel
junction. Thirty teeth were subjected to a leakage study by the resin infiltration
method with two groups of 10 teeth each. Twenty teeth were divided into two
groups and obturated as in the leakage study and subjected to a scanning
electronic microscopy analysis for adaptation and resin depth penetration. It
was found that both the sealers produced apical leakage to a certain extent.
The adaptation and resin sealer penetration in the coronal and middle thirds

was better than in the apical third of the root canal under SEM observation.

14
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Piedad S. Cafiadas et al (2014)" compared the physicochemical
properties and interfacial adaptation to canal walls of Endo-CPM-Sealer,
Sealapex and Activ GP with the well-established AH Plus sealer. All sealers,
except for ActiVGP, were alkaline and all of them fulfilled the ANSI/ADA
requirements for radiopacity and solubility. Regarding the interfacial
adaptation, AH Plus was superior to the others considering the adaptation to

the bovine root canal walls.

Daniela Kok et al (2014)% assessed the penetrability of two
endodontic sealers (AH Plus and MTA Fillapex) into dentinal tubules,
submitted to endodontic treatment and subsequently to endodontic
retreatment. All specimens were filled with gutta-percha cones using the
lateral compaction technique. The specimens were submitted to endodontic
retreatment using Pro- Taper Retreatment system, re-prepared up to F5
instruments and filled with gutta-percha cones and the same sealer used during
endodontic retreatment. Fluorescein dye (green) was incorporated to the sealer
in order to distinguish from the first filling. The roots were sectioned 2 mm
from the apex and assessed by CLSM. In retreatment cases, none of the sealers
were able to penetrate into dentin tubules. It can be concluded that sealer
penetrability is high during endodontic treatment. However, MTA Fillapex
and AH Plus do not penetrate into dentinal tubules after endodontic

retreatment.

15
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R. Viapiana et al (2015)° investigated the ability of BioRoot RCS, a
tricalcium silicate-based root canal sealer and AH Plus to effectively fill the
root canals of contralateral teeth using three evaluation methods. The prepared
root canals of ten pairs of contralateral mandibular premolar teeth were filled
with gutta-percha and sealer using lateral compaction. The percentage of voids
within the root canal was assessed by micro-computed tomography, whilst
sealing ability was investigated by fluid transport and leakage of fluorescent
microspheres. They concluded from the MicroCT analysis that there was a
higher void volume for BioRoot RCS. The other techniques did not show a

difference between the sealing ability of the sealers.

Vikram Shetty et al (2015)** quantitatively analyzed the amount of
dye leakage with AH26, Sealapex and Tubliseal sealers in endodonticaly
treated teeth. A total of 36 extracted mandibular molar specimens were
divided into three groups; Group I: Sealapex, Group IlI: Tubliseal, Group II:
AH26 with 12 samples in each group. Obturations were done using respective
sealers in the three different groups. Then, samples were subjected to spectro
photometric analysis using a filter of 670 nm. It was concluded in this study
that Tubliseal sealer showed least microleage compared with Sealapex and

AH26 sealer.

Khader MA et al (2015)* compared the penetration depth of three
root canal sealers most commonly available viz., AH Plus, Tubli- Seal and

Apexit Plus with different compositions using SEM. A total of 30 single-
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rooted mandibular premolars decoronated and the canal preparation done by
step  back technique was used for this study. 17% of
ethylenediaminetetraacetic acid used as final flush. Prepared specimens were
divided into three groups of 10 teeth each. After obturation, teeth were split
longitudinally and viewed under SEM. It was concluded that Zinc oxide
eugenol-based sealer (Tubli-Seal) shows less depth of penetration as compared
to the calcium hydroxide-based sealer (Apexit Plus) and resin-based sealer

(AH Plus).

Jardine AP et al (2015)% compared the effect of QMix, BioPure
MTAD, 17 % EDTA, and saline on the penetrability of a resin-based sealer
into dentinal tubules using a confocal laser scanning microscope and described
the cleaning of root canal walls by SEM. Eighty distobuccal roots from upper
molars were selected and randomly divided into four groups (n=20) before
root canal preparation according to the solution used in the final rinse
protocol. Sealer penetration was analyzed with Adobe Photoshop software. It
was concluded that seventeen percent EDTA and QMix promoted sealer

penetration superior to that achieved by BioPure MTAD and saline.

Lovejeet Ahuja (2016)° evaluated and compared the apical
microleakage of a resin based sealer; Adseal with Mineral Trioxide Aggregate
(MTA) based sealers; Pro root MTA and MTA Fillapex. 75 teeth were
randomly divided into five groups with n=15; Group | - Gutta-percha and

Adseal sealer; Group Il - Gutta-percha and MTA Fillapex; Group IlI- Gutta-
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percha and Pro root MTA; Group IV- Gutta-percha without sealer (positive
control group); Group V- Root canal remained empty (negative control).Roots
were longitudinally split using a diamond disk. Linear apical dye penetration
was measured under Stereomicroscope at 40X magnification. The results
concluded that Adseal sealer showed minimal dye penetration followed by Pro

root MTA and MTA Fillapex.

Levent Demiriz (2016)*" evaluated the dentinal wall adaptation ability
of MTA Fillapex root canal sealer using stereo electron microscope (SEM).
Twenty four, single-rooted, human maxillary incisor teeth were used. All
canals were prepared to a size F3 file. Teeth divided into two equal groups and
one of the experimental groups was filled with AH Plus, and the other group
was filled with MTA Fillapex using GP single cone as a core material. The
roots were prepared for SEM evaluation and serial scanning electron
photomicrographs were taken at x50, X100, X500 and %1000 magnifications.
MTA Fillapex was found to have a similar dentinal wall adaptation ability as

AH Plus.

Swapnika Polineni et al (2016)? this in vitro study evaluated and
compared the marginal adaptation of three root canal sealers to root dentin. 30
single-rooted teeth were decoronated, and root canals were instrumented. The
specimens were randomly divided into three groups. Group 1 -teeth were
obturated with epoxy resin sealer, MM Seal. Group 2 - teeth were obturated

with mineral trioxide aggregate based sealer, MTA Fillapex, Group 3 teeth
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were obturated with bioceramic sealer, EndoSequence BC sealer. The samples
were vertically sectioned using hard tissue microtome and marginal adaptation
of sealers to root dentin was evaluated under coronal and apical halves using
SEM and marginal gap values were recorded. Coronal halves showed superior
adaptation compared to apical halves in all the groups under SEM. It was
concluded that the epoxy resin based MM Seal showed good marginal

adaptation than other materials tested.

Rabab A. Gad et al (2016)* evaluated the sealing ability and quality
of obturation when canal filled with gutta-percha and either mineral trioxide
aggregate or AH Plus sealer with detection of any possible correlation
between microleakage and voids. 30 maxillary one- rooted teeth were
prepared and assigned to 3 experimental groups; group I: gutta-percha/AH
Plus, group Il:gutta-percha/MTA sealer, group Il positive control group (n =
5) teeth unobturated, grouplV: negative control group (n = 5) teeth obturated
with gutta percha, AH Plus sealer. After obturation, each tooth was prepared
for fluid filtration assessment. Voids detection was performed through cross
sectional analysis at three root levels. The results showed that sealing ability
of MTA FillApex sealer showed higher parameters than AH Plus sealer even
if it was not significant. It was concluded that MTA FillApex and AH Plus
sealer can provide adequate seal with low voids percent. VVoids percentage

cannot be used as an indicator for sealing ability.
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Widcha Asawaworarit et al (2016)* evaluated the apical sealing
ability of tricalcium silicate-based (MTA Fillapex) and resin-based (AH Plus)
sealers at 24 h, 7 days and 4 weeks. Four roots were selected randomly as
controls, and the remaining 30 were randomly divided into 2 groups of 15
each: MTA Fillapex and gutta-percha (group 1) and AH Plus and gutta-percha
(group 2) using a warm vertical compaction technique. From this study it was
concluded that, the tricalcium silicate-based sealer promoted proper sealing

when used for filling the root canals.

Issam Khalil et al (2016)® aimed to characterize and investigate the
properties of a new tricalcium silicate—based sealer and verify its compliance
to ISO 6876 (2012). A new tricalcium silicate—based sealer (Bio MM; St
Joseph University, Beirut, Lebanon), BioRoot RCS (Septodont, St Maure de
Fosses, France), and AH Plus (Dentsply, DeTrey, Konstanz, Germany) were
investigated. Characterization using scanning electron microscopy, energy-
dispersive spectroscopy, and X-ray diffraction analysis was performed. Bio
MM interacted with physiologic solution, thus showing potential for
bioactivity. Sealer properties were acceptable and comparable with other

sealers available clinically.

Anisha Kumar et al (2016)*" aimed to compare the area of voids in
mineral trioxide aggregate (MTA) based, resin based, and zinc oxide eugenol
based sealers when employed with SC obturation technique. Fifteen teeth were

cleaned and shaped and divided into three groups for SC obturation using
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MTA Fillapex,AH26, and Pulpdent sealers, respectively. The obturated teeth
were sectioned at apical, middle, and coronal third, and area of voids in the
sealer was assessed using a stereomicroscope and digital images and image
software. It was found that single cone obturation with MTA Fillapex sealer
showed void free apical and middle third sections, and had significantly least
area of voids in the sealer followed by the one with AH26 sealer, whereas SC

obturation with Pulpdent sealer had significantly most area of voids.

R. Krug et al (2016)* evaluated the radiographic technical quality of
root canal treatment before and after the implementation of a nickel-titanium
rotary preparation followed by a matching-taper single-cone obturation and to
detect the procedural errors associated with this technique. It was concluded
that the rotary root canal preparation followed by a matching-taper single-cone
filling technique provides a reliable shaping of the root canal, with fewer
procedural errors and a more acceptable filling quality in terms of length and
homogeneity in the apical third. Less favourable results were achieved in the

central and cervical parts of the root canals.

Anil K Tomer et al (2017)" evaluated and compared the apical
microleakage of calcium hydroxide (Sealapex), Mineral Trioxide Aggregates
(MTA Fillapex) and silicone based (Roekoseal) sealers. Extracted human
single rooted teeth were decoronated at cementoenamel junction. The access
cavities and biomechanical preparation were performed using endodontic

rotary system and the teeth were randomly divided into three groups with
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n=10; Group | - Guttapercha and Sealapex sealer; Group Il - Gutta-percha and
MTA Fillapex; Group Il1- Gutta-percha and Roeko Seal; and negative control
group as empty root canal. MTA Fillapex group showed maximum apical

microleakage followed by Sealapex and Roeko Seal sealer.

Vimal Remy et al (2017)* aimed to compare the marginal adaptation
and sealing ability of MTA-Fillapex, AH Plus and Endofill root canal sealers.
Single rooted mandibular premolars were sectioned at the cement enamel
junction using a low-speed diamond disc. Step-back technique was used to
prepare root canals manually. Under SEM, marginal gap at sealer and root
dentin interface were examined at coronal and apical halves of root canal.
Among the three maximum marginal adaptations were seen with AH Plus
sealer (4.10 £ 0.10) which is followed by Endofill sealer (1.44 + 0.18) and
MTA-Fillapex sealer (0.80 + 0.22). Between the coronal and apical marginal
adaptation, significant statistical difference (p = 0.001) was seen in AH Plus
sealer. It was found that AH Plus sealer has a better marginal adaptation when

compared with other sealers used.

F. Siboni et al (2017)* evaluated the chemical and physical
properties of a tricalcium silicate root canal sealer containing povidone and
polycarboxylate (BioRoot RCS), a calcium silicate MTA-based sealer
containing a salicylate resin (MTA Fillapex), a traditional eugenol containing
sealer (Pulp Canal Sealer) and an epoxy resin-based root canal sealer (AH

Plus). Calcium release, pH, setting time, water sorption, volume of open pores,
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volume of impervious portion, apparent porosity and weight loss were
measured. BioRoot RCS had bioactivity with calcium release, strong
alkalizing activity and apatite forming ability, and adequate radiopacity. It was
found that both tricalcium silicate-containing materials were associated with
ion release, porosity, water sorption and solubility higher than AH Plus and

Pulp Canal Sealer.

Haridas Das Adhikari et al (2017)* determined that which among
the following root canal sealers- AH Plus, GuttaFlow and RealSeal provided a
superior marginal adaptation with the core obturating material in the apical
third region of root canals by using scanning electron microscopy. After
sectioning longitudinally, apical third of the roots were observed under SEM
dentin-sealer-core interface was focused. Marginal adaptation and interfacial
gaps at core-sealer interface of all the samples were evaluated. They
concluded that GuttaFlow showed better adaptation in the apical third of root

canals.

Alessandra Timponi Goes Cruz et al (2017)* evaluated the effect of
a calcium hydroxide (CH) dressing on the tubular penetration of two
endodontic sealers, AH Plus (Dentsply Maillefer, Ballaigues, Switzerland) and
MTA Fillapex (Angelus, Londrina, Brazil). They concluded that the CH
dressing did not interfere with the apical penetration of both tested sealers,

however, decreased the tubular penetration in the middle third of the AH Plus
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root canal fillings. Overall, MTA Fillapex presented higher tubular penetration

than AH Plus obturations.

Claudio Poggio et al (2017)% evaluated and compared the cytotoxic
effects of eight root canal sealers (BioRoot RCS, TotalFill BC Sealer, MTA
Fillapex, Sealapex, AH Plus, Easy Seal, Pulp Canal Sealer, N2) on
immortalized human gingival fibroblasts over a period of 24, 48 and 72 hours.
Immortalized human gingival fibroblast-1 HGF-1 were incubated. Root canal
sealers were then placed into sterile, cylindrical Teflon moulds. The extraction
was made eluting the sealers in cell culture medium. In the present study only
BioRoot RCS, TotalFill BC Sealer and AH Plus showed no cytotoxic effects
at least in the first 24h. All the other sealers revealed moderately or severely

cytotoxic activity during all the extraction times.

Srinidhi V. Ballullaya et al (2017)*® Evaluated the microleakage in
different root canal sealers like zinc oxide eugenol based sealer, Sealapex, AH
Plus, MTA Plus, EndoRez, Endosequence BC. All the specimens were
examined under stereomicroscope for microleakage and the obtained data
were statistically analysed. Bio ceramic sealers being hydrophilic show better

sealing ability compared to resin based and eugenol based sealers.

Farnaz Jafari et al (2017)* conducted a review of literature to
discuss the composition, physicochemical properties, and clinical perspectives

of calcium silicate based sealers. They concluded that the Calcium silicate
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based sealers showed suitable physical properties to be used as an endodontic
sealer though its high solubility remains an important issue. They show good

performance regarding calcium ion release, film thickness, and flowability.

Attur KM et al (2017)* studied the possible correlation of dentinal
tubule penetration and microleakage by three root canal sealers: AH26, zinc
oxide eugenol, and mineral trioxide aggregate using a dye leakage and
scanning electron microscopy methods. Fifty - one maxillary anterior teeth
with completely formed apex divided into three groups. Root canals were
enlarged till No. 60 K-file using step-back technique. Alternate 5.25% and
17% ethylenediaminetetraacetic acid irrigants were used and obturated with
gutta-percha and one of the three sealers: MTA, AH26, and ZOE. The extent

of leakage was determined under stereomicroscope after immersion in
methylene blue and also observed the tubular penetration of sealer under
SEM.They found that AH26 had lower microleakage scores than the other

sealers, and MTA demonstrated the least penetration.

Sampath Kumar Arikatla et al (2018)* evaluated the interfacial
adaptation and penetration depth of Bioroot RCS and MTA Plus sealers into
root dentin. A total of 60 single rooted mandibular premolar teeth were
prepared using Pro Taper rotary NiTi files and were randomly divided into
three groups (n = 20 each) according to the type of sealer used for obturation.

The results showed that AH Plus sealer has significantly higher depth of

25



Review of literature

penetration and minimum gaps than bioceramic sealers (P < 0.05) MTA Plus
sealer exhibited significantly more interfacial gaps and less penetration depth

than Bioroot RCS (P < 0.05).

Fabricio Guerrero et al (2018)** compared the porosity of two
sealant cements, mineral trioxide aggregate (MTA) Fillapex and BioRoot root
canal sealer. Sixteen samples were used in the study that were divided
according to the composition of the materials used and were prepared
according to the manufacturer’s instructions. They were placed in silicone
molds of 5 + 0.1 mm in height and an internal diameter of 5 + 0.1 mm; 24 h
after its preparation, the samples were scanned through a micro computed
tomography. The results obtained in computerized microtomography
endodontic biomaterial samples concluded that MTA Fillapex has a lower

porosity than BioRoot RCS.

Halenur Altan et al (2018)* aimed to compare the short and long
term apical sealing ability of different root canal sealers. The coronal part of
each tooth was removed and the root canals were prepared with NiTi rotary
instruments. Teeth were divided into 5 study groups; Group I: MTA Fillapex;
Group IlI: Sealapex and Group I1I: AH Plus (n=15) and negative and positive
control groups (n=5). In the results, Sealapex and AH Plus showed

significantly better sealing abilities than MTA Fillapex in the long term.

Emel Uzunoglu-€0zy€urek et al (2018)** evaluated the effect of

calcium hydroxide (Ca[OH]2) dressing on the dentinal tubule penetration of
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epoxy resin-based sealer (AH 26; Dentsply Maillefer, Ballaigues,
Switzerland) and tricalcium silicate—based sealer (Bio- Root RCS; Septodont,
Saint Maurdes Fosses, France). BioRoot RCS presented higher dentinal tubule
penetration than AH 26 even in the presence of Ca(OH)2 residues. Ca(OH)2
remnants decreased both dentinal tubule penetration depth and the percentage

of the tested sealers; however,a more drastic effect was observed for AH 26.

Gabriela Goncalez Piai (2018)* evaluated the penetration of a new
endodontic sealer into the dentinal tubules. 20 single-rooted teeth were
selected. The crown was sectioned, and the canals were instrumented with a
reciprocating system. The specimens were randomized into two groups (n
=10) according to the endodontic sealer: AH Plus or Sealer Plus. All
specimens were filled using the lateral compaction technique. Rhodamine B
dye (red) was incorporated to the sealers to provide the fluorescence which
will enable confocal laser scanning microscopy assessment. The root canal
level affected the penetration of the sealer, but no statistically significant
differences were found between the two experimental groups (p > .05). SP
presented similar dentinal penetration and perimeter integrity to the gold

standard (AP).

Kaveri Baruah et al (2018)* compared the apical sealability of
mineral trioxide aggregate (MTA) Fillapex and Endosequence BC sealer at
three different lengths of remaining gutta-percha after post space preparation.

Apical leakage was assessed using dye penetration method under

27



Review of literature

stereomicroscope. It was found that though less microleakage occurred, the

bioceramic sealers could not totally eliminate leakage.

Sakshi Jain et al (2018)*" conducted this in vitro scanning electron
microscopic study to determine which of the commonly used root canal sealer
among AH - Plus, GuttaFlow, and RealSeal provides a superior marginal
adaptation with the dentin in the apical third region of root canals. 30 human
freshly extracted maxillary central incisors were biomechanically prepared,

then divided equally into three groups and obturated with AH - Plus,
GuttaFlow, and RealSeal using single - cone obturation technique. After
sectioning longitudinally, apical third of the roots was observed under SEM,;
dentin-sealer-core interface was focused. Marginal adaptation and interfacial
gaps at dentin-sealer interface of all the samples were evaluated and analyzed
statistically. It was found that the dentin-sealer interfacial gap was minimum

in GuttaFlow, it is better adapted to dentin in the apical third of root canals

compared to AH-Plus and RealSeal.

Asha Pius et al (2019)° evaluated and compared the sealer
penetrability and gap formation of root canal sealer to root dentin filled with
AH Plus, Sealapex, and BioRoot RCS. 27 teeth were randomly assigned to
three groups based on the sealer, group I—AH Plus, group II—Sealapex and
group I1I—BioRoot RCS, teeth were de-coronated and root canal therapy was

done with Protaper gold rotary files and filled with the single-cone technique.
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About 1-mm sections of apical, middle, and cervical third were taken using a
water-cooled low-speed saw. All specimens are evaluated using a scanning
electron microscope. The Bioceramic sealer revealed better sealer
penetrability at the apical third and minimal gap formation compared to the

epoxy resin-based and the calcium hydroxide-based sealer.
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MATERIALS AND METHODS

ARMAMENTARIUM :

e 40 extracted mandibular premolars

e Endo access bur #16 (Dentsply)

e High speed airotor hand piece (NSK)

o Kfiles- #10, 15, 20 (Mani, Inc.)

e Protaper Universal system (Dentsply Maillefer, Ballaigues,
Switzerland)

e X Smart (Dentsply Maillefer, Ballaigues, Switzerland)

e Normal Saline (Fresenius Kabi, India Pvt. Ltd)

e 2ml Syringe with 27 gauge needle (Unolock)

e Sodium hypochlorite 3% (Prime dental products, India)

e 17% EDTA (Desmear, Anabond Sterman Pharma.)

e Absorbent paper points (Meta biomed)

e (.06 taper gutta percha, 25 (Diadent Group International, Korea)

e Spreader (Mani, Inc.)

e Glass slab and cement spatula

e Bioroot RCS (Septodont, France)

e MTA Fillapex (Angelus, Brazil)

e Sealapex (Sybron/Kerr Co. Ltd., Romulus, Ml)

e Zinc oxide (DPI, India)
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Eugenol (DPI, India)

Ethanol, absolute (Changshu Hongsheng Fine Chemical Co., Ltd.)
De- ionised water (Evergreen laboratory reagent)

Diamond disk

Scanning Electron Microscope along with gold sputtering machine

(JSM- IT 200; JFC- 1600 auto fine coater; JEOL Ltd., Tokyo, Japan)
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METHODOLOGY

A total of forty non carious, intact, human mandibular premolar teeth
with a single root and single root canal, extracted for orthodontic reasons were
selected. The teeth were cleaned of soft tissue and calculus. Access opening
was done using endo access bur and a #10 K file was introduced into the root
canal until its tip was just visible at the apical foramen. The root canals were
instrumented through crown-down technique with ProTaper Universal rotary
files using the following sequence: SX, S1, S2, F1, and F2, until the working
length at the speed of 300 rpm and 1.5 N torque. The canals were irrigated
with 2ml of 3% sodium hypochlorite during instrumentation and finally rinsed
with 2ml of 17% EDTA acid for 5 minutes followed by 2ml of normal saline
and then were dried with absorbent paper points. Then, the teeth were
randomly divided into 4 experimental groups (Group I, I, 1, V) of 10

samples each.

All the four endodontic sealers were manipulated according to the
manufacturer’s instructions respectively and introduced into the root canal
space with a size 35 finger spreader. The master cone, size 25.0.06 gutta
percha was also coated with the sealer and inserted in the canal. After
complete obturation, all root samples were kept moist by keeping them in
gauze moistened with sterile saline for 1 week, to ensure complete setting of

the sealer. The 40 experimental root specimens were painted with two layer of
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nail varnish at the coronal 1 mm and apical 2 mm. For assessment of gaps, the

slices were dehydrated in an ascending ethanol series (70%, 80%, 90%, 100%).

Each root was then sectioned in cross sections using a diamond disk on
a slow speed handpiece to obtain the dentin- root canal filling interface at the
cervical, middle and apical thirds of the root respectively for all the IV groups.
During sectioning, the specimens were subjected to continuous water cooling
to prevent frictional heat, which minimizes smearing of core obturating
materials that tend to hide areas of sealer as pointed by Vikram et al. The
sections were then labelled accordingly. All the sectioned specimens were
washed in 17% EDTA solution for 2 minutes followed by methanol and blot
dried, which was then mounted on aluminum stubs and sputter coated with a

30#m thick gold layer in a fine-coat ion sputter (JFC- 1600 auto fine coater;

JEOL Ltd., Tokyo, Japan) and examined with a scanning electron microscope
(JSM- IT 200; JEOL Ltd., Tokyo, Japan) operating at a high accelerating
voltage of 15.0 kV at different magnifications ranging from 50X to 1000X to
achieve a representative area containing both gap- containing and gap - free

regions and visualize a broader aspect of sample.

The adaptability at the sealer- dentinal wall interface was measured as
the gap formation between the dentin surface and the sealer surface as seen
from the SEM images in #m. The measurements at the cervical, middle and
apical thirds were made using the IBM.SPSS statistics software 23.0 Version.

The results for each group was recorded, tabulated and statistically analysed.
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FLOW CHART

A total of forty mandibular premolar teeth were selected (n=40)

Standard access cavities were prepared using Endo access bur and working
lengths were determined by placing a 10 size K-files in the canals

!

Canals were instrumented with ProTaper Universal rotary files till size F2,
with each tooth instrumented with multiple strokes coupled with irrigation by
normal saline solution followed by 17% EDTA

!

Teeth were randomly distributed into four groups

1 1 1

BioRoot RCS MTA Fillapex Sealapex ZOE
(n=10) (n=10) (n=10) (n=10)

\ \ \ \

The root canals in each sample groups were obturated using the respective
sealers, by the single cone technique. The sealers were mixed according to the
manufacturer’s instructions and coated in the canal using a spreader

|

The teeth were dehydrated in an ascending ethanol series (70%, 80%, 90%,
100%) and 2mm thin sections were made using a water cooled diamond disc.

|

All specimens were sputter coated with fine gold and viewed with a
scanning electron microscope

¢

Results were obtained

v

Data were statistically analysed using One Way ANOVA and Tukeys post hoc test

'

Interpretation of data
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FIGURE 1: TEETH SAMPLES
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FIGURE 2 : ARMAMENTARIUM USED FOR BIOMECHANICAL
PREPARATION
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FIGURE 3: ARMAMENTARIUM FOR OBTURATION
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FIGURE 4: BIOROOT RCS SEALER
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FIGURE 5: MTA FILLAPEX SEALER
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FIGURE 6: SEALAPEX SEALER

FIGURE 7: ZINC OXIDE POWDER AND EUGENOL
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FIGURE 8: SAMPLES AFTER SECTIONING

FIGURE 9: MOUNTED ON ALUMINUM STUBS
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FIGURE 10: GOLD SPUTTERING IN JEOL; JFC- 1600

FIGURE 11: SEM UNIT (JEOL, JSM-IT 200)
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FIGURE 12: SEM IMAGES SHOWING ADAPTATION OF ZOE
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FIGURE 13: SEM IMAGES SHOWING ADAPTATION OF SEALAPEX
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FIGURE 14: SEM IMAGES SHOWING ADAPTATION OF MTA
FILLAPEX
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FIGURE 15: SEM IMAGES SHOWING ADAPTATION OF BIOROOT
RCS
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Results

RESULTS

This study was designed to analyse the sealing ability of gutta percha
with three endodontic sealers; BioRoot RCS, MTA Fillapex and Sealapex
using scanning electron microscopy analysis.The collected data were analysed
with IBM.SPSS statistics software 23.0 Version. To describe about the data
descriptive statistics the mean & S.D were used for continuous variables. To
find the significant difference in the multivariate analysis the one way
ANOVA with Tukey's Post-Hoc test was used. In both the above statistical

tools the probability value .05 is considered as significant level.

The samples were divided into 4 groups:

Group 1, Guttapercha with BioRoot RCS (n=10).

Group 2, Guttapercha with MTA Fillapex (n=10).

Group 3, Guttapercha with Sealapex (n=10).

Group 4, Control group, Guttapercha with ZOE (n=10).

Each experimental groups were evaluated at the cervical, middle and
apical third levels for the gap formation of the four different sealers. The
sealer penetration was estimated using the scanning electron microscope
images by measuring the distance from the sealer-gutta percha interface to the
dentinal wall in micrometers from each sample group with n=10, at a

magnification range of 50X — 1,000 X.
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Table 1a shows the mean and SD of the gap formation at the gutta
percha- sealer interface to the dentinal wall in each group (BioRoot RCS,
MTA Fillapex, Sealapex & ZOE) at the cervical third level. At the cervical
third, ZOE shows the highest mean value [4.613(x1.0745)] , followed by
MTA Fillapex [1.612(£0.213)], Sealapex [1.593(%0.172)] & BioRoot RCS
[0.747(x0.177)]. The mean values obtained by Oneway ANOVA (Table 1b)
shows that at the cervical third, the amount of gap formation between the

sealer and root dentinal wall interface was highly significant (P < 0.01).

Post hoc was conducted as there was a significant difference among
the groups (Table 1 ¢). The multiple comparisons shows that, there is a highly
significant difference between the control group of ZOE with the other 3
groups in the cervical third. [ with BioRoot RCS (p=0.0005), MTA Fillapex

(p=0.003) , Sealapex (p=0.003) ].

This result show that none of the groups showed complete marginal
adaptation at the sealer- dentin interface in the cervical third of the tested
samples. This also shows that among the four test groups, ZOE has shown
more gap formation; minimal sealing ability to the dentinal wall followed by

MTA Fillapex, Sealapex and BioRoot RCS.

Table 2 a shows the mean and SD of the gap formation at the
guttapercha- sealer interface to the dentinal wall in each group (BioRoot RCS,
MTA Fillapex, Sealapex & ZOE) at the middle third level. At the middle third,

ZOE shows the highest mean value [5.707(+1.020)], followed by Sealapex
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[2.720(£0.396)], MTA Fillapex [2.312(+0.270)] &BioRoot RCS
[1.309(x0.208)]. The mean values obtained by Oneway ANOVA (Table 2 b)
shows that at the middle third, the amount of gap formation between the sealer

and root dentinal wall interface was highly significant (P < 0.01).

Post hoc was conducted as there was a significant difference among
the groups (Table 2 c). The multiple comparisons show that, there is a highly
significant difference between the control group of ZOE with the other 3
groups in the middle third. [ with BioRoot RCS (p=0.0005), MTA Fillapex

(p=0.001) , Sealapex (p=0.004) ].

This result show that none of the groups showed complete marginal
adaptation at the sealer- dentin interface in the middle third of the tested
samples. This also shows that among the four test groups, ZOE has shown
more gap formation; minimal sealing ability to the dentinal wall followed by

Sealapex, MTA Fillapex and BioRoot RCS.

Table 3 a shows the mean and SD of the gap formation at the
guttapercha- sealer interface to the dentinal wall in each group (BioRoot RCS,
MTA Fillapex, Sealapex & ZOE) at the apical third level. At the apical third,
ZOE shows the highest mean value [9.970(£1.158)] , followed by Sealapex
[5.249(+0.669)], MTA Fillapex [4.088(+0.464)] &BioRoot RCS
[2.417(x0.351)]. The mean values obtained by Oneway ANOVA (Table 3 b)
shows that at the apical third, the amount of gap formation between the sealer

and root dentinal wall interface was highly significant (P < 0.01).
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Post hoc was conducted as there was a significant difference among
the groups (Table 3 c). The multiple comparisons show that, there is a highly
significant difference between the control group of ZOE with the other
3 groups in the apical third. [ with BioRoot RCS (p=0.0005), MTA Fillapex

(p=0.0005) , Sealapex (p=0.0005) ].

This result show that none of the groups showed complete marginal
adaptation at the sealer- dentin interface in the apical third of the tested
samples. This also shows that among the four test groups, ZOE has shown
more gap formation; minimal sealing ability to the dentinal wall followed by

Sealapex, MTA Fillapex and BioRoot RCS.

There were both gap-free and gap- containing regions at different
levels in all groups. However, BioRoot RCS exhibited better apical marginal

adaptation to dentinal wall than MTA Fillapex and Sealapex.
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TABLES

Table 1 a- DESCRIPTIVE STATISTICS OF GAP FORMATION BETWEEN
DENTIN- SEALER INTERFACE AT THE CERVICAL THIRD, WITH THE

DIFFERENT SEALERS USED.

Descriptives
N Mean S.D Std. Error
BioRoot RCS 10 47 560 77
MTA Fillapex 10 1.612 674 213
CERVICAL Sealapex 10 1.593 542 172
ZOE 10 4.613 3.398 1.075
Total 40 2.141 2.263 .358

Table 1 b - RESULTS OF ONEWAY-ANOVA

Oneway — ANOVA
Sum of df Mean F | P-value
Squares Square
penween 86.324 3| 28.775
i 0.0005
CERVICAL | Within 113.476 36| 3152| 9129 | T
Groups
Total 199.800 39
** Highly Sig at P < 0.01 level
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Table 1 c - PAIRWISE TESTS POST HOC TESTS.

Post Hoc Tests - Multiple Comparisons - Tukey HSD
Mean
Dependent Variable Difference | Std. Error Sig.
(1-J)
MTA - 864600 794 0.698 #
_ Fillapex
BIoR0OtRCS | geglapex -.846200 794 0.712 #
CERVICAL ZOE -3.865600 794 0.0005 **
) Sealapex .018400 794 1.000 #
MTA Fillapex -
ZOE -3.001000 794 0.003 **
Sealapex ZOE -3.019400" 794 0.003 **
# No Sig at P > 0.05 level ,** Highly Sig at P < 0.01 level

Table 2 a - DESCRIPTIVE STATISTICS OF GAP FORMATION BETWEEN
DENTIN- SEALER INTERFACE AT THE MIDDLE THIRD, WITH THE

DIFFERENT SEALERS USED.

Descriptives

BioRoot RCS 10 | 1.309 .659 .208

MTA Fillapex 10 2.312 .855 270

MIDDLE Sealapex 10 | 2.720 1.252 .396
ZOE 10 5.707 3.226 1.020

Total 40 | 3.012 2.405 .380
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Table 2 b - RESULTS OF ONEWAY-ANOVA

Oneway - ANOVA

Sum of Mean
F P-value
Squares Square
Between 107.399 3| 35800
Groups
**
MIDDLE ' \vithin Groups 118.234 36| 3284 10900 |0.0005
Total 225.633 39
** Highly Sig at P < 0.01 level
Table 2 c — PAIRWISE TESTS POST HOC TESTS
Post Hoc Tests - Multiple Comparisons - Tukey HSD
Mean
Dependent Variable Difference | Std. Error Sig.
(1-J)
MTA Fillapex | -1.003300 .810 0.607 #
BioRoot RCS Sealapex -1.411600 .810 0.318 #
ZOE -4.398400 810 0.0005 **
MIDDLE
Sealapex -.408300 810 0.958 #
MTA Fillapex "
ZOE -3.395100 .810 0.001 **
Sealapex ZOE -2.986800" .810 0.004 **

# No Sig at P > 0.05 level ,** Highly Sig at P < 0.01 level
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Table 3a— DESCRIPTIVE STATISTICS OF GAP FORMATION BETWEEN
DENTIN- SEALER INTERFACE AT THE APICAL THIRD, WITH THE

DIFFERENT SEALERS USED.

Descriptives
BioRoot RCS 10 2417 1.111 351
MTA Fillapex 10 4.088 1.466 464
APICAL Sealapex 10 5.249 2114 .669
ZOE 10 | 9.970 3.663 1.158
Total 40 5.431 3.605 570

Table 3 b - RESULTS OF ONEWAY-ANOVA

Oneway - ANOVA

Sum of df Mean F | P-value
Squares Square
Between 315.308 3| 105.103
Groups
**
APICAL Within Groups 191.410 36 5.317 19.768 1 0.0005
Total 506.718 39

** Highly Sig at P < 0.01 level
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Table 3 c - PAIRWISE TESTS POST HOC TESTS

Post Hoc Tests - Multiple Comparisons - Tukey HSD

Mean
Dependent Variable Difference | Std. Error Sig.
(1-J)
MTA Fillapex | -1.671300 1.031 0.380 #
BioRoot RCS Sealapex -2.832100" 1.031 0.044 *
ZOE -7.553900" 1.031 0.0005 **
APICAL
] Sealapex -1.160800 1.031 0.676 #
MTA Fillapex *
ZOE -5.882600 1.031 0.0005 **
Sealapex ZOE -4.721800" 1.031 0.0005 **

# No Sig, * Sig at P <0.05 level and ** Highly Sig at P < 0.01 level
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GRAPHS

Graph 1 - GRAPH SHOWING DISTRIBUTION OF SCORES OF DIFFERENT
GROUPS AT CERVICAL THIRD

Groups comparsion in Cervical
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c
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=
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.500 | -
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Graph 2 - GRAPH SHOWING DISTRIBUTION OF SCORES OF DIFFERENT
GROUPS AT MIDDLE THIRD

Groups comparison in Middle
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Graph 3 - GRAPH SHOWING DISTRIBUTION OF SCORES OF DIFFERENT
GROUPS AT APICAL THIRD

Groups comparison in Apical
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DISCUSSION

The main goal of root canal obturation is to provide a three
dimensional fluid tight seal, thus preventing the chances for reinfection of the
root canal and thereby preserving the health of periapical tissues. Ingle in
1956, stated that about 58% of the endodontic failures may be attributed to the
incomplete obturation of the root canals.’> Hence, various researchers have
tried numerous different materials to completely obliterate this space since the
early 1800's. Of these, gutta percha is the most popularly used root canal
obturating material which has got acceptance for more than 100 years.*
Obturation with Gutta—percha along with a root canal sealer is considered to

be the gold standard in root canal therapy.™

Gutta-percha is the most popular root canal obturating material
because of its advantages like biocompatibility, non-toxicity, non-allergic
nature and its ease of retrieval from the root canal in cases of retreatment.*® In
spite of various advantages, it has few demerits like, inability to bond with the
root canal dentin and the hydrophobic nature of gutta percha tends to make the
sealer pull away from it upon setting.® For a hermetic seal, gutta-percha alone
is not sufficient, as it has no adhesion to the root canal walls. Root canal
sealers are needed to fill in the voids between the gutta-percha cones as well as
those between the gutta-percha cones and root canal dentinal walls. Hence a

complete hermetic sealing of the root canal seems to be difficult, even when
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using a combination of gutta-percha and a root canal sealer in the general

clinical use.*®

Furthermore the presence of a smear layer on the dentinal walls also
reduce the dentin permeability and hinders with the penetration of the root
canal sealer into the dentinal tubules.”® The smear layer formed on the surface
of the dentinal walls during root canal instrumentation is assumed to prevent
the penetration of the endodontic sealers into the dentinal tubules as it
occludes them. Therefore, it is believed that the smear layer can hinder with
the penetration and adaptation of the root canal sealers. Dentinal tubule
penetration depth is considered as the performance measure of a root canal
sealer. Various studies have shown that the sealer penetration into the dentinal
tubules forms a physical barrier, entombing the residual bacteria and improves
retention of the root filling. However, previous studies have found no
correlation between the actual sealer penetration into dentinal tubules and the

sealing ability of the endodontic filling material.>

Biomechanical preparation is a significant step to obtain a successful
endodontic treatment outcome. Shaping and cleaning of root canals are
important phases in endodontic therapy. According to Schilder (1974), the
clinical goal of cleaning and shaping is to satisfy the biological and
mechanical objectives. Biological objective is achieved by a total debridement
of the root canal. Obtaining glassy smooth walls is a preferred indicator for

maximum debridement. The mechanical objective is to maintain or develop a
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continuously tapering funnel form with the smallest diameter at the apex and

the widest diameter at the orifice.

Nickel-titanium instruments have been generally used for mechanical
preparation in endodontic practice because of their relatively higher reliability
and better flexibility and efficiency than stainless steel files. ProTaper
Universal (PTU) which is a conventionally used NiTi rotary system was used
in the study. The instrument has a variable taper along its length and a convex
triangular cross- section.*® The use of this rotary file system reduces the time
required for shaping and also improves the standardization of

instrumentation.®

However, this does not negate the importance of the quality of the
obturation in which the sealer has a major role to play.”® Several types of
endodontic sealers have been recommended to achieve this goal.> Grossman
described the ideal properties of a root canal sealer as those which, provides
good adhesion between itself and the root canal wall when set; helps in
establishing a hermetic seal; does not undergo shrinkage upon setting; are
insoluble in tissue fluids and is tissue tolerant. The currently available
commercial root canal sealers can be broadly categorized as ZOE- based, glass
ionomer- based, calcium hydroxide- based, resin- based, silicone-based and
the more recently introduced, calcium silicate based root canal sealers.
However, at present none of the existing sealers satisfies all the above

mentioned criteria. Zinc oxide eugenol- based, calcium hydroxide-based and
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glass ionomer- based sealers possess a problem of dissolving when in contact
with periradicular tissue fluids; whereas zinc oxide eugenol- based sealer
shrinks slightly when set; but recently introduced calcium silicate based
materials have attracted considerable attentions because of their good

biocompatibility and bioactivity.*

Lateral compaction is the most common root canal filling technique.
As a result of the advent of NiTi rotary systems and the tapered gutta-percha
cones, single- cone obturation technique has become more widespread and
useful clinically.*® Obturation with single-cone was done in the present study
to simulate the most common method employed in clinical scenario and for
maintaining the homogeneity among groups. The use of a single-cone
obturating technique is often considered inferior to other more sophisticated,
three-dimensional compaction techniques.>® But the single cone technique was
performed due to its wide use in Endodontics and because sealer penetration

does not depend on the filling technique.*®

Studies in past have evaluated the sealing ability of root canal sealers
through various methods measuring microleakage, such as dye penetration,
electrical methods, fluid filtration technique, radioisotope tracing and
marginal adaptation by SEM.*" In this study, a scanning electron microscope
was utilized for the assessment of marginal gap between the root canal dentin
and the sealer. The advantage of using SEM over other microleakage

assessment methods is that in SEM, the submicron level defects can be
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observed at a required magnification and the final evaluation can be done by

preservation of the microphotographs.?®

Leakage studies have been widely used in the past for assessment of
sealing ability of root canal sealers. However, leakage evaluations show a
great degree of variations in studies and the results are often contrasting. In the
present study, quality of the root canal seal was assessed through a histological
method by SEM evaluation, as it has a larger depth of field, higher resolution,
and better magnification at the interface which has been pointed out by

Punithia and Shashikala et al.*’

In the present study, single rooted mandibular premolars were used.
Dummer et al in his study evaluated the use of extracted teeth for in-vitro
studies and concluded that extracted teeth compromises the standardization of
samples due to the variations in root anatomy and in dentin hardness.
However, it enables SEM investigation of canal cleanliness and provides

conditions close to the clinical situation.

The seal along the dentin-sealer interface and also at the gutta percha-
sealer interface prevents the percolation and leakage of fluids thereby
preventing reinfection. This study focuses on the comparative evaluation of
marginal gap formation at the cervical, middle and apical thirds of gutta
percha with BioRoot RCS, MTA Fillapex, Sealapex and ZOE at the dentin-

sealer interface using SEM.
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Adhesion of the root canal sealer to root dentin at the dentin- sealer
interface is a basic requirement of any root canal filling material.>* In the
present study, three root canal sealers, i.e, BioRoot RCS, MTA Fillapex,
Sealapex and ZOE (control group) sealers with gutta percha was used to
evaluate the marginal adaptation to root dentin at the cervical, middle and
apical thirds. Compared to all the experimental sealers, BioRoot RCS showed
superior marginal adaptation at all the 3 levels, represented by lower gap
formation, followed by MTA Fillapex and Sealapex whereas ZOE showed
poor adaptation. Higher interfacial gaps were observed at the apical thirds of
all the sealer types than that was observed at the coronal level. This

observation was consistent with the results of previous studies.™

This discrepancy between the apical and coronal third levels might be
accounted to the lower density and diameter of the dentinal tubules found at
the apical level, thus resulting in lower sealer penetration.?® Moreover, smear
layer removal from the apical third level is difficult, that might also act as a
physical barrier which interferes with the proper sealer adaptation to the root

canal dentin.®®

Among all the three tested groups in this study, the BioRoot RCS
sealer was the best group which had minimal gap formation at the dentin-
sealer interface. A better performance of this bioceramic sealer can be
attributed to its hydrophilicity, small particle size, chemical bonding to the

root canal dentin and low contact angle which enables it to easily spread over
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the dentin walls of the root canal and to get inside and fill the lateral micro-
canals as well. It is also seen to exhibit a significant expansion of 0.20%.
These features helps in the formation of a gap-free chemical bond between the

sealer- dentin interface, thus, making it an effective sealer.?

BioRoot RCS is a hydraulic cement, that is available as a powder
composed of tricalcium silicate, povidone, zirconium oxide and a water- based
liquid, with additions of calcium chloride and polycarboxylate. It has been
proposed initially that, this material should be used only with cold lateral
compaction canal filling techniques, as the heat generated during
thermoplastic obturation techniques negatively affects the flowability and film
thickness of the material.>* Recently, it was suggested that the single cone cold
obturation technique could be used with the hydraulic calcium silicate

cements.>’

Tricalcium silicate-based sealers were introduced by around 1999,
after the increase in popularity of mineral trioxide aggregate because of its
calcium releasing ability and bioactivity.”® The first commercial tricalcium
silicate-based sealer introduced was MTA Fillapex, which was the first
developed MTA based paste- paste, salicylate resin root canal sealer, that is
mostly composed of a salicylate resin rather than MTA. The catalyst paste
comprises of a natural resin, salicylate resin, diluting resin and bismuth oxide,

while the base paste consists of MTA, nanoparticulate silica and pigments.
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MTA Fillapex does not form calcium hydroxide on hydration and also exhibits

low calcium ion release in solution.’

MTA Fillapex, is the other sealer used in this study, which showed a
statistically high significant difference compared to the control group of ZOE.
Sarkar et al., suggested that calcium and hydroxyl ions will be released in the
presence of phosphate containing fluids which will result in the formation of
apatite that promotes controlled mineral nucleation on dentin which can be
seen as the formation of an interface layer with tag- like structures.>®
According to a study done by Nagas et al., there is better bonding of MTA
Fillapex when the canals are finally rinsed with distilled water and blot dried
with paper points to achieve moist condition. However in this study, MTA
Fillapex displayed little or less tags depicting limited adaptation to the dentin
compared to the other bioceramic sealer (BioRoot RCS) under scanning
electron microscope. This may be attributed to the unpredictable moisture
content in the canal. The reason for the inferior marginal adaptation of MTA
Fillapex could be the low adhesion of the material due to poor microtags

formed on setting.”®

The Sealapex sealer differs from other root canal sealers in that it
contains calcium hydroxide as a major constituent. This material has a very
low setting shrinkage and low solubility in tissue fluids. Sealapex is a paste-
paste sealer which contains calcium hydroxide in a polymeric matrix.

Sealapex sealer is formulated to promote rapid healing and hard tissue
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formation in the clinical perspective.’® It has been shown that this material
being porous, permits marked ingress of water and promotes continued
reaction between powder and binder. Cobankara FK et al., studied the apical
seal of four sealers using computerized fluid filtration method. Sealapex
demonstrated significantly less leakage compared to AH Plus, polymeric
based and ZOE based sealers. Few other studies have reported no significant
differences in apical leakage between Sealapex and AH Plus.®® In the present
study, Sealapex showed a better adaptation to the dentinal walls at the cervical
third in comparison to MTA Fillapex, though at the middle and apical thirds it
showed less adaptation than MTA Fillapex and a statistically high significant

difference when compared to ZOE sealer.

In this study, ZOE sealer exhibited the highest gap formation
compared to other sealers which is in agreement with other studies. The ZOE
based sealers have shown to have poor sealing and adhesion properties to the
dentin surface. Moreover, in aqueous environment, the solubility is more
resulting in dissociation of zinc eugenolate in to zinc hydroxide and eugenol.®
However it has been shown that when ZOE based sealers are placed in a

totally dried canal, the leakage exhibited by the sealer was less, which

corresponds to better sealing ability.*

This study evaluated the sealing ability of three endodontic
sealers with gutta percha, to the root dentin by measuring the marginal gap

formation at the sealer- dentin interface using SEM. The three different sealers
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used were BioRoot RCS, MTA Fillapex and Sealapex, with ZOE as the
control group. The gaps formed on the sealer- dentin interface, at different
levels (cervical, middle, apical) in each samples of the four experimental

groups were measured from the microphotographs and then compared.

The amount of gap formation indicates the sealing ability of the
material. In the present study it was found that there was a statistically
significant difference in the amount of gap formation by ZOE sealer at all the
3 levels of the root canal. The mean amount of gap formation by ZOE was the
highest at the apical third level, followed by the middle and cervical thirds.
From evaluation of the results, it is found that ZOE sealer has the lowest
sealing ability. Sealing properties of ZOE sealers were inferior in comparison
to other sealers due to the relatively high solubility of the material, which
makes the adhesion between gutta percha and ZOE weak.®* The above
findings are in agreement with various studies which were previously

conducted (Table 1-3) (Graph 1-3).

In the current study it was also found that, BioRoot RCS showed
the least amount of gap formation as compared to other experimental groups
(Table 1-3) (Graph 1-3). It consists of tricalcium silicate, zirconium dioxide
and povidone, water and calcium chloride. In addition, the manufacturer
claims that BioRoot RCS can obturate the root canal with and even without
gutta-percha cones, because of the excellent bonding by penetrating into the

dentin structure.®® These characteristics may explain the results obtained. In a
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previous study by Siboni F. et al., BioRoot RCS showed higher calcium ion
release than other sealers over a prolonged duration. The prolonged
mineralizing ion release triggers the nucleation of calcium phosphate, which
may improve the sealing ability of obturation materials.® In the study of
Uzunoglu-Ozyiirek et al., BioRoot RCS provided higher dentinal tubule
penetration than AH 26, even in the presence of calcium hydroxide when all
experimental groups were obturated with a single gutta- percha cone combined

with one sealer.**

The present study also reveals that MTA Fillapex is found to
create less gaps at all levels except at the cervical third, where Sealapex was
found to form lesser gaps (Table 1) (Graph 1). This finding is in association
with previous studies that have shown that MTA Fillapex has a high flow rate
and low film thickness, which helps it to easily penetrate the accessory and
lateral canals.®* In a study by Srinidhi et al., Sealapex showed less leakage
compared to AH Plus, MTA plus and ZOE sealers though it was not
statistically significant with MTA Plus sealer. Caicedo and Fraunhofer studied
the properties of calcium hydroxide sealers and found that Sealapex showed a
significant volumetric expansion during setting. They theorized that this was
because of water absorption. This may also increase the solubility of Sealapex.
But, an in vitro dye penetration study by Sleder et al. showed that Sealapex is

no more soluble than other sealers and that its seal is comparable to TubliSeal
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(ZOE-based sealer) at 32 weeks.®® There was no significant difference in gap

formation between MTA Fillapex and Sealapex groups.

Hence in this study, on comparing the three different root canal
sealers, BioRoot RCS, MTA Fillapex and Sealapex, it was found that BioRoot
RCS showed a better sealing ability. MTA Fillapex and Sealapex groups
showed similar adaptation, of which MTA Fillapex was better. All the tested

sealers showed better sealing ability than the control group of ZOE sealer.
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Summary

SUMMARY

The aim of this in vitro study was to evaluate the sealing ability of
three endodontic sealers, BioRoot RCS (a tricalcium silicate based sealer),
MTA Fillapex (a salicylate resin based sealer) and Sealapex (a calcium
hydroxide based sealer) with gutta-percha cones to the dentinal walls, using

scanning electron microscopy (SEM).

In this study , 40 human mandibular premolars were used. On each
premolar, access cavities were prepared and a size 10 K- file was inserted in
the root canal until it was just visible at the apical foramen. The root canals
were instrumented through crown-down technique with Protaper Universal
rotary files until the working length. The canals were irrigated with 2ml of 5%
sodium hypochlorite during instrumentation and finally rinsed with 2ml of
17% ethylenediaminetetraacetic acid for 5 minutes followed by 2ml of normal
saline and then were dried with absorbent paper points. Then, the teeth were
randomly divided into 4 experimental groups (Group I, II, HI, V) of 10

samples each.

In Group 1, BioRoot RCS was used to obturate the canals along with
.06 taper GP. In Group 2, MTA Fillapex was used to obturate the canals along
with .06 taper GP. In Group 3, Sealapex was used. Group 4 was control group
with ZOE sealer. The excess GP was seared off and ZOE entrance filling was

done.
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After complete obturation, all root samples were kept moist by keeping them
in gauze moistened with sterile saline for 1 week at 37°C to ensure complete
setting of the sealer. The 40 experimental root specimens were painted with
two layer of nail varnish at the coronal 1 mm and apical 2 mm. For assessment
of gaps, the slices were dehydrated in an ascending ethanol series. Each root
was then cross sectioned using a diamond disk on a slow speed handpiece to
obtain the dentin- root canal filling interface at the cervical, middle and apical
thirds of the root under water cooling spray.

All the sectioned specimens were washed in 17% EDTA solution and
methanol, then blot dried, which was then gold sputtered and observed under
SEM. The values obtained from the analysis were subjected to statistical

analysis — One Way ANOVA and post hoc test.
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Conclusion

CONCLUSION

Within the limitations of the study, it can be concluded that:

1. Minimum gap formation was seen for the bioceramic sealers, with
BioRoot RCS being better than MTA Fillapex.

2. In the middle third, the calcium hydroxide based sealer, Sealapex
showed better adaptation than MTA Fillapex sealer. Whereas in
cervical and apical thirds, MTA Filllapex exhibited lesser gap
formation than Sealapex.

3. All tested sealers showed significantly better adaptation and sealing
ability at the cervical and middle thirds than the apical third compared
to ZOE.

4. Bioceramic sealers showed higher penetration at the apical third.
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