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Abstract

Introduction: The aim of this study was to evaluate the ability of BioRoot sealer in preventing the dye penetration and to
compatre its filing ability with AH Plus sealer.

Materials and methods: 50mandibular premolars recently extracted, single-rooted, were selected. The samples were ran-
domly divided in 2 equal groups (n = 25) for obturation: BioRoot sealer (Group 1) and AH Plus sealer (Group 2). Fifteen
teeth of each group were prepared formicroleakage evaluation. The teeth were cleared using teeth clearing technique, then
the teeth were examined by a stereo microscope (20x magnification) for evaluation of the linear dye penetration at the tooth-
materials interface. The other 10 teeth of each group were prepared to evaluate the void percentages at 2 mm from the apex;
andin order to observe and analyze the presence of intra-tubule tags. Data were statistically compared by One-way Analysis
of Variance test.

Results: The results of the statistical analysis showed that there is a significant difference in apicalleakage between groups.
The dye penetration in G2 (0.76% 0.66) mm was more than in G1 (0.26£ 0.06) mm, suggesting that newly introduced BioRoot
sealed the root canal better compared to AH Plus Sealer. No statistical significant difference was found between both sealers
concerning the void percentages. SEM analyses showed the absence of intra-tubule tags for the two techniques analyzed at 2
mm from the apex.

Conclusion: A new calium cilicate-based root canal filling material (BioRoot) showed a good apical sealing-ability when it was

used in a single cone technique comparing to AH Plus sealer in the mandibular premolar with one canal.
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Introduction

The main objective of endodontic procedures is to offer three-
dimensional filling of the root canals and all accessory canals, that
may prevents any connection between the periodental tissue and
the root canal [1].

Among various types of sealer used today AH Plus (Dentsply-
sirona, De Trey Konstanz, Germany) has gained popularity due
to its radiopacity, biocompatibility, ease to use and availability [2].
AH Plus is a hydrophobic epoxy resin-based sealer that has been
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used as the gold standard material in many research, It is a two-
component root canal sealer, with a components epoxy resins, zit-
conium oxide, iron oxide, calcium tungstate and silicone oil [2-4].
Since it contains resin and has faster setting time, AH Plus tends
to shrink and cause eatly debonding from the root canal wall [5].

BioRoot™ RCS (Septodont, Saint-Maur-des Fosses, Franceis the
newest endodontic sealer based on tricalcium silicate materials
benefiting from both Active Biosilicate Technology and Bioden-
tine™ [6].
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BioRoot is a powdet/liquid hydraulic tricalcium silicate-based ce-
ment (Gilles & Oliver 2012) marketed since February 2015 and
recommended for single cone technique or cold lateral condensa-
tion root filling, The powder contains tricalcium silicate, povidone
and zirconium oxide; the liquid is an aqueous solution of calcium
chloride and polycarboxylate |7, 8. BioRoot has been reported
to induce in vitro the production of angiogenic and osteogenic
growth factors by human periodontal ligament cells [9]. Moreo-
ver, it has a lower cytotoxicity than other conventional root canal
sealers with hard tissue deposition [10]. Its antimicrobial activity
was also reported [11].

Evaluation of sealing ability has been considered an important
parameter to assess with the introduction of each new sealer. Dye
penetration methods is a widely used methods [12-14]. Accord-
ingly, several studies have used methylene blue as a dye because
it is inexpensive and easy to perform, and easy to manipulate. It
offers a high degree of staining and it has a molecular weight even
lower than bactetial toxins [15].

The adaptation of a sealant to the dentin has generally been eval-
uated using stereo-microscopy, confocal laser microscopy, scan-
ning electron microscopy (SEM), leakage tests, and digital imag-
ing [16, 17].

The purpose of this in vitro study was to analyze microscopically
(SEM, digital microscope and stereomicroscope) the ability of
BioRoot sealer in preventing the dye penetration, and to compare
its filing ability with AH Plus sealer. Further more, the voids at the
interface between these sealers and dentin was apically evaluated.

The null hypothesis of this study was that there would be no dif-
ference between the two different materials of obturation in pre-
venting the dye penetration and its filing ability.

Materials and Methods
Sample Preparations

Fifty extracted human permanent mandibular premolar single
root teeth, free-caries, with fully formed apices were selected for
this in vitro study. The ethics committee of Damascus University
approved the protocol (protocol no. 1613/S). After removal of
the external debris, teeth were placed in 1% sodium hypochlorite
solution for 15 min and stored in normal saline at 4°C. Teeth were
decoronated to standardize root canal length at 15 £ 1 mm. In-
strumentation was performed with 14 mm working length using
a crown-down technique with Rotary file Revo-S/Sc2 0.04/25#
(Coltene MicroMega, Besancon, France). All canals were irrigated
with 10 mL of a sodium hypochlorite solution 5.25% (NaOCI)
alternatively between files. After the shaping steps, each canal was
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irrigated using the same final irrigation protocol based on 2.5 mL
of physiological saline over 90 £ 55, 5 mL of 17% EDTA solu-
tion over 120 + 10 s, 2.5 mL of physiological saline over 90 + 5
s, 5 mL of a 6% NaOCl over 120 & 10 s followed by a final rinse
with 2.5 mL of physiological saline over 90 £ 5 s, the canals were
then dried with sterile paper points [18].

Obturation Procedure

The specimens were randomly divided in to 2 groups of 25 sam-
ples each.

Group 1: with GP, using BioRoot (Septodont, Saint-Maur-des-
Fosses, France) with single cone technique.

Group 2: with GP, using AH Plus sealer (Dentsplysirona, De Trey
Konstanz, Germany) with single cone technique.

After obturation by single cone technique, the coronal opening
was sealed with a restorative glass ionomer cement kavitan plus
(Spofadental, Jicin, Czech). The samples were then stored in a
humid atmosphere (Incubator) at 37°C for 72 h.

Microleakage Evaluation

After the obturation, 15 teeth of each group were prepared to the
microleakage evaluation. The surfaces of the samples were dried
and two layers of colored nail varnish was applied on the surface
1 mm short of the apex (Fig. 1a). Roots were then suspended in
freshly prepared 2% methylene blue for 24 hours. The roots were
then rinsed for 15 minutes under running water and the varnish
layers were sweep off and the teeth were dried. Then the teeth
were immersed in a series of solutions using clearing technique in
which the teeth become transparent after a process of deminerali-
zation, dehydration and immersion in methyl salicylate, provides
a three dimensional view of the internal anatomy of root canals
without any loss of dental substance, making it easier to view the

leakage area (Fig. 1b).

The depth of dye penetration was examined under stereomicro-
scope at x20 magnification and microleakage associated with dif-
ferent root canal sealers was evaluated from the end of the root
canal to the farthest point. Leakage sign was observed using a
digital piacolis a vernier caliper equipment which allows a meas-
urement of 0.01 mm (Fig, 2).

Optical Numeric Microscope Keyence
After the obturation procedure, ten teeth of each group were pre-

pared to evaluate the void percentages at 2mm from the apex.
One section was made perpendicular to the longitudinal axis of

Figure 1. A. Samples after applying two layers of colored nail varnish, B. Samples after using clearing technique.
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the root tooth at 2 mm from the apex with a wire saw (Walter
EBNER, Le Locle, Switzerland). Subsequently, 1200, 2400, and
4000 SiC abrasive papers were used, under continuous water irfi-
gation, to polish the surface of the specimens. They were first ob-
served using an optical numeric microscope (KEYENCE, Osaka,
Japon) and then analyzed using the VHX-5000 communication
software (KEYENCE, Osaka, Japon) to measure the total area of
the voids at 2 mm from the apex.

Scanning Electron Microscope (SEM)

After evaluating the void percentages, all samples were etched
with 37% phosphoric acid (5 s) and 2.5% NaOCI (3 min) and
thoroughly rinsed with distilled water for 30 s in order to elimi-
nate the smear layer resulting from the polishing process and to
visualize the sealer infiltrations in dentinal tubules (tags). The
samples wete sputtet-coated with gold-palladium alloys (20/80)
using a HUMMER JR sputtering device (Technics, CA, USA).
Later on, a Quanta 250 FEG scanning electron microscope SEM
(FEI Company, Eindhoven, The Netherlands) functioning with
an accelerating voltage of the electrons of 10 kV was used for the
observation of the coated specimens.

Statistical Analysis

The collected data were analyzed with SigmaPlot release 11.2
(Systat Software, Inc., San Jose, CA, USA). Shapiro-Wilk test was
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used to verify the normality of data. However, when the normal-
ity was not verified thus, Kruskal-Wallis test (one-way analysis of
variance on ranks) was used to compatre the apical micro leakage
and void percentages results of AHPlus and Bioroot sealers. A
significance level at « = 0.05 was adopted.

Results
Microleakage Evaluation

The study was performed to evaluate the apical sealing ability be-
tween BioRoot and AH Plus. The mean values of apical micro-
leakage for the two sealers were recorded (Table 1). Concerning
the statistical analysis, it was found that the mean value of dye
penetration of the AHPlus group is (0.76 £ 0.66) mm, while the
mean value of BioRoot group (0.26 = 0.06) mm (Table 1). Sta-
tistical analysis revealed that the mean dye penetration value for
BioRoot was significantly lower than that for AH Plus (P < 0.05).

Keyence and SEM Observations

No significant statistical difference (p > 0.05) was seen in the api-
cal third at 2 mm from the apex between the Bioroot and AH Plus
(Table 1). The void percentages were calculated by dividing the
area of the voids measured during the analysis with the total area
of the root canal of each specimen (Fig. 3C-E).

Figure 2. (A, B). micro leakage of methylene blue in the apical area (AH plus sealer) examined under stereomicroscope at

20X magnification, (C, D). micro leakage of methylene blue in the apical area BioRoot sealer) examined under stereomi-

croscope at 20X magnification.

Figure 3. Representative photos of a numeric optical microscope of sectioned root surfaces at 2 mm from the apex. A. Bio-
root; B. AH Plus.

Figure 4. SEM micrograph of the interface between A. AH Plus sealer or B. BioRoot sealer with dentin canal walls showed

no sealer infiltrations into dentinal tubules.
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Table 1. Means and standard deviations of dye penetration (mm) and void percentages for the tested materials.

Test Sealersused | N | Mean (mm) | Statistical analysis
, BioRoot 15 0.26 £ 0.06
Dye penetration (mm) P <0.05
AH Plus 15 0.76 £ 0.18
. BioRoot 10 32114
Void (%) P > 0.05
AH Plus 10 29118

SEM analyses assessed the presence or the absence of intra-tu-
bule tags for the two filling techniques analyzed. There were any
tag observed at 2 mm from the apex in all the samples (Fig. 4).

Concerning AH Plus specimens,when observing the areas of
gutta-percha, sealer and interface sealer / dentin, it became quali-
tatively obvious that AH Plus obturation material, had more void
spaces between the sealer material and the dentinal walls (Fig 4a).

Discussion

The combination between the sealer and the gutta-percha is nec-
essary to ensure a perfect sealing in root canal system, and the
sealer paste provide a tough seal at all the entrance along the canal
in the distance between the internal walls and the cones and even
between the cones themselves [1, 6].

Normally, a root canal filling is associated with a hard core, like
gutta-percha, and a sealer to better adapt the root canal filling
material and complete the seal of the root canal filling in the most
effectual manner [19]. Many sealers were produced like oxide zinc
base sealer, epoxy resin based sealer, and calcium hydroxide based
sealer, but recently calcium silicate based sealer appears like Bio-
Root and Endosequence BC. The single cone technique was used
in this research to obturate the root canals in all samples, Nowa-
days, there is increasing demand for prompt, simple and efficient
obturation technique, which improves practice and causes less
stress for patients and clinicians. With the widespread use of ro-
tary NiTi instruments and matched-taper Gutta-percha cones, the
single-cone obturation technique has become popular [20, 21].

This study which evaluated the sealing ability of BioRoot and
AH Plus, concluded that the Leakage cannot be totally eliminated
from the fate of a root canal treated teeth; lateral canals, accessory
canals, other anatomical variation and periapical pressure play an
important role in sealing ability.

The results of this study found that the apical sealing ability of Bi-
oRoot sealer exceeded the apical sealing ability of AH Plus sealer,
and disagreed with the results of Viapiana et al [22], which found
that there is no difference between the sealing ability of the seal-
ers (using techniques fluid transport and leakage of fluorescent
microspheres).

The variance between the results of our study and the results of
Viapiana et al [21] study, can be attributed to the difference in the
preparation and obturation methods of the root canals and also
in the apical sealing evaluation methods, while Viapiana et al was
adopted the cold lateral condensation technique with a taper 0.06
for preparation, this study used the single cone technique with a
taper 0.04 for preparation.

In the present study, we evaluated apical third sections because
of the importance of this area in curved canals. Apical leakage
was observed in all specimens. Statistical analysis revealed that
the lowest apicalleakage was in Group 1 (BioRoot) followed by
Group 2 (AH Plus). Group 2 showed a mean value apical leakage
of (0.76 * 0.66) mm, whereas Group 1 showed a mean value api-
calleakage of (0.26 £ 0.06) mm. The difference between the mean
values dye penetration between Groups 1 and 2 was statistically
significant (P< 0.05). According to our results, Paranthaman et al
[23] showed that BioRoot possessed greater sealing ability com-
pared with the AH Plus at 1 day, 1, 2 and 4 weeks. None of the
sealers provided complete sealing at all time periods but BioRoot
showed superior sealing ability followed by AH Plus [23]. The
null hypothesis of the present study was rejected. The results of
microleakage of our study were also confirmed by our SEM ob-
servations. Several studies have used SEM to evaluate the dentinal
tubule penetration of sealers [24, 25]. This form of microscopy
can be used to observe the surface appearance of sealer in den-
tinal tubules at high magnification and to determine the density
of sealer tags [24]. According to SEM, BioRoot root canal sealers
(G1) showed sufficient adaptation to dentin at 1 mm from the
apex (Figure 3b). SEM Micrographs showed lot of voids in the
interfaces dentin-sealer in group 2 (Figure 3a). The gaps that have
been seen between the AH Plus and dentin walls at 1 mm from
the apex in SEM micrographs validate the microleakage results
(Table 1). This finding for the void of the AH Plus is in disagree-
ment with the result of Viapiana et al [26] who used three ex-
vivo evaluation methods. First method was the Micro CT analysis
showed that the BioRoot exhibited significantly more percentage
of voids than AH Plus. Their other techniques (fluid transport
and fluorescent markers) did not show a difference between the
sealing ability of the sealers. Huanget al [27] who used SEM analy-
sesfound no significant difference between AH Plus and an other
bioceramic sealer “EndoSequence BC”.

SEM analyses revealed that both root canal sealers showed any
inter-tubular tag at 1 mm from the apex (Figure 2). Rouhani et al
[28] noted the presence of intertubular dentin tags for AH Plus
sealer at 4 and 6 mm from the apex but in 7 from 14 samples,
there weren’t any tag penetration. Our SEM observations did not
reveal the presence of tags for the other groups. In addition, the
number and size of dentinal tubules and dentinal structure (tu-
bule density) in the apical third as well as the obturation technique
employed, may affect sealer adaptation and penetration [29]. Man-
cino et al [30] demonstrated that the use of AH Plus or Bioroot
by single cone technique could not penetrate in to the dentinal
tubules. It is important to highlight that the presence of sealer
tags in to dentinal tubules, could behave as a physical barrier able
to entomb bacteria and preventing apical leakage.

This study has limitations. The disadvantage of horizontal sec-
tioning is that only one of section per specimen can be evalu-
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ated. However, the inability to obtain a detailed overall view at low
magnification is the main disadvantage of the SEM technique.
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