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ABSTRACT

Aim: To evaluate flow, filling ability, and apical extrusion of three calcium silicate-based sealers, Neo MTA
Plus (Avalon, USA), Bio-C Sealer (Angelus, Brazil) and Sealer Plus BC (MK Life, Brazil), in comparation
with the gold standard based on epoxy resin, AH Plus (Dentsply, Germany).

Methodology: The flow was evaluated based on 1SO 6876/2012 standard (mm) and in area (mm?). For
assessment of filling ability and apical extrusion of the sealers, curved artificial canals were prepared up to
size 25.06, and filled with the sealers by the single cone technique. The samples were scanned in micro-
computed tomography (SkyScan 1272. Bruker, Belgium) after preparation and after filling of the root
canals. The percentage of voids throughout the entire extension of the root canals and in the apical third,
besides the volume of apical extrusion of each sealer were calculated. Data were statistically analyzed using
ANOVA/Tukey tests (a = 0.05).

Results: Bio-C Sealer showed the highest flow and NeoMTA Plus had the lowest value (p < 0.05). Bio-C
Sealer had lower percentage of total voids than NeoMTA Plus (p < 0.05). AH Plus had greater percentage
of voids in the apical third than Bio-C Sealer and Sealer Plus BC (p < 0.05). Bio-C Sealer showed higher
volume of extrusion (p < 0.05) than AH Plus and NeoMTA Plus.

Conclusion: Bio-C Sealer and Sealer Plus BC had greater flow and proper filling ability in the apical third.
However, these sealers presented high volume of apical extrusion. NeoMTA Plus provided less sealer
extrusion, low flow, and more presence of voids.

© 2020 Mario Tanomaru-Filho. Hosting by Science Repository.

Introduction

complement the conventional flow test stablished by 1SO 6876 standard

[5].

Root canal treatment is performed aiming to save teeth [1]. Since a three-
dimensional root canal sealing is essential for the success of endodontic
therapy, root canal sealers should present flow, aiming to fill the
anatomical complexities of the root canal system [2, 3]. However,
excessive flow can lead to material extrusion, which may have an impact
on the periapical repair process [3]. Therefore, flow and filling of
endodontic materials should be evaluated. Micro-computed tomography
(micro-CT) is performed to evaluate the filling in obturated root canals
[4]. New methodologies using micro-CT can also be applied to

AH Plus (Dentsply DeTrey GmbH, Konstanz, Germany) is an
endodontic sealer mainly composed of epoxy resin, which is considered
as gold standard regarding physicochemical properties [6]. On the other
hand, calcium silicate-based endodontic sealers has been highlighted,
due to their biocompatibility and bioactivity, stimulating mineralization
[7-9]. Neo MTA Plus (Avalon Biomedic Inc. Bradenton, FL, USA) is a
tricalcium silicate-based material, which can be used as reparative
material or root canal sealer, according to its powder-to-gel ratio.
NeoMTA Plus presents biocompatibility and promotes induction of
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mineralized tissue [9-12]. Although this sealer shows penetration into
the dentinal tubules, there is no study evaluating its physicochemical
properties when used as a root canal sealer [13].

Premixed, ready-to-use calcium silicate-based endodontic sealers have
been developed for root canal obturation [14]. Recently, the new calcium
silicate-based Sealer Plus BC (MK Life, Porto Alegre, RS, Brazil) and
Bio-C Sealer (Angelus, Londrina, PR, Brazil) were introduced into the
market. Sealer Plus BC and Bio-C Sealer are biocompatible and have
appropriate setting time, flow, and radiopacity, besides alkalinization
capacity [15-18]. Although the solubility of these sealers is higher than
the rates required by ISO 6876 standard, both materials showed a
decrease in solubility when immersed in phosphate-buffered saline
(PBS), in addition to a low volumetric change after immersion in
distilled water or PBS [17-19].

Since assessments of physicochemical properties are still necessary to
evaluate the impact of calcium silicate-based sealers on the outcome of
root canal treatment [7], and considering that up to now, no study was
performed using micro-CT to investigate the filling ability and apical
volume extrusion of NeoMTA Plus, Bio-C Sealer or Sealer Plus BC, the
current research was performed. The null hypothesis was that would be
no difference among the different sealers regarding their flow, filling
ability and apical extrusion.

Materials and Methods

| Flow Evaluation

The flow test was conducted in accordance with 1SO Standard
6876/2012 [20]. After manipulation of the sealers, 0.05 mL of the

material was placed in the center of a glass plate by using a syringe (n =
10). At 180 + 5 seconds after manipulation, another glass plate (20 g)

was placed on the plate with the sealer, and a 100-gram weight was put
on the top plate and kept for 10 minutes. After this period, the maximum
and minimum diameters of the material on the glass plate were
measured. When a difference of less than 1 mm between the diameters
was observed, the mean value was recorded. A second evaluation was
made by photographing the sealer on the plate alongside a millimeter
ruler. The images obtained were evaluated using the Image Tool 3.0
software (UTHSCSA, San Antonio, TX) to obtain the area of flow of the
sealer expressed in mm?, according to Tanomaru-Filho et al. [21].

11 Evaluation of Filling Ability and Apical Extrusion

Acrylic resin models with artificial canals (IM Brazil Ltda., Sdo Paulo,
SP, Brazil) were used (n = 32). The artificial canals had standard size (18
mm), 60° angle of curvature and 5 mm radius and the center of the
curvature were 5 mm from the end of the canal.

The apical patency was determined by inserting a size 10 K-file
(Dentsply, Maillefer, Ballaigues, Switzerland) until the apical foramen.
Working length (WL) was established at 1 mm short of the end of the
canal (WL =17 mm). A single operator prepared all the specimens using
the ProDesign Logic system (Easy Equipamentos Odontolégicos, Belo
Horizonte, MG, Brazil). The 25/.01 file was used in continuous rotation
at 350 rpm speed and 1 Ncm torque, using in-and-out movements up to
the working length. Then, the 25/.06 file was used at 600 rpm speed and
4 Ncm torgue, using an endodontic motor (VDW Silver, VDW GmbH,
Munich, Germany). The canals were irrigated with 2.5 mL of distilled
water after each instrument by using a disposable syringe and a 27-G
NaviTip needle (Ultradent, South Jordan, UT). The prepared canals were
divided in four groups (n = 8). The canals were filled by single cone
technique with each sealer. The endodontic sealers and their respective
manufacturers, compositions and proportions are described in (Table 1).

Table 1: Root canal sealers, their manufacturers, composition, and proportions used.

Sealer Manufacturer Composition Proportion
Epoxy resin bisphenol-A and bisphenol-F, calcium .
Poxy . p_ . - p_ . Equal portions (by length) of
AH Plus Dentsply De Trey GmbH, Konstanz, Germany tungstate, zirconium oxide, silica, iron pigments.

the base and catalyst pastes

Dibenzyl diamide, Aminoadamantane, silicone oil.
Powder: tricalcium silicate, dicalcium silicate,
tantalum oxide, tricalcium aluminate, and calcium

Neo MTA Plus Avalon Biomed Inc, Bradenton, FL, USA

sulphate. Liquid: water-based gel with thickening

1 scoop of powder to
1 drop of gel
(0,339g:150 uL)

agent and water-soluble polymers.
Zirconium oxide, tricalcium silicate, dicalcium

Sealer Plus BC MK Life, Porto Alegre, RS, Brazil

Premixed, ready-to-use

silicate, calcium hydroxide, and propylene glycol.

Calcium silicates, calcium aluminate, calcium oxide,

Bio-C Sealer Angelus, Londrina, PR, Brazil

zirconium oxide, iron oxide, silicon dioxide,

Premixed, ready-to-use

dispersing agent.

AH Plus and NeoMTA Plus were manipulated in accordance with the
manufacturer’s specifications and the sealers were inserted into the
canals with a Lentulo spiral #35 (Dentsply Maillefer, Ballaigues,
Switzerland). Bio-C Sealer and Sealer Plus BC were injected into the
root canal 4 mm short of the WL, using the syringe and plastic needle
provided by their manufacturers. Subsequently, 25/.06 gutta-percha
cones (Tanari industrial Ltda., S&o Paulo, Brazil), which were previously
selected according to the tip size and taper measured in the profilometer
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(Profile Projector Nikon Model 6C-2), were inserted into each canal up
to the WL. Then, the gutta-percha cones were cut at the cervical level
and the remaining material was compacted with a heated plugger. A
radiograph was taken to verify the obturation quality. The coronal
portion was sealed with a provisional restorative material (Coltosol.
Vigodent, Rio de Janeiro, Brazil). All specimens were stored in an oven
at 37°C in relative humidity for 7 days to allow the sealers to set
completely. For NeoMTA Plus, Bio-C Sealer and Sealer Plus BC, which
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require moisture for setting, two pieces of wet cloth were placed over the
samples, as described by Tanomaru-Filho et al. [22].

111 Micro-CT Imaging Analysis

The artificial roots were scanned using micro-CT (SkyScan 1272.
Bruker, Kontich, Belgium) after preparation, and after the obturation of
the root canals. The roots were positioned in a standardized device,
allowing the specimens to remain in the same position at all times during
scanning procedures. The scanning parameters were defined by pilot
study. After preparation the samples were scanned using the following
parameters: 60 kV of power, energy of 166 mA, evolution cycle of 180°,
rotation of 0.5, aluminum filter (0,25 mm) and voxel size of 15 pm. After
canals filling, the scanning parameter were: 80 kV of power, energy of
125 mA, evolution cycle of 180°, rotation of 0.5, aluminum filter (1,00
mm) and voxel size of 15 um. The post-preparation and post-obturation
images obtained were reconstructed using the NRecon software
(v.1.6.10.4, Bruker).

The reconstructed images, obtained before and after obturation, were
superimposed by means of geometric alignment in the Data Viewer
software (v.1.5.1, Bruker). Quantitative analyses were then performed
using the CTAn software (v1.15.4.0, Bruker) by applying task lists, and
arithmetic and logic operations between the superimposed sections. Root
canal volume, filling material volume (gutta-percha and sealer), and
voids volume were quantified. The gray scale range required to
recognize each object under study was determined in a density histogram
by using a global threshold method. The volume of voids was calculated
by subtracting the filling material volume from the post-obturation root
canal volume: [volume of voids = volume of canal — volume of filling].
The percentage volume of voids was calculated by using the following
formula: [Percentage of voids = (volume of voids X 100)/volume of
canal]. Qualitative analyses were performed by means of models
obtained by using CTVox software (CTVox v. 3.2, Bruker). Evaluation

Table 2: Mean and standard deviation of the results of flow (mm and mm?).

was performed at all root canal extension and in the apical third. The
value of approximately 9 mm was determined for the total length
analysis and approximately 3 mm for apical third. A schematic figure
showing all the process to micro-CT assessment is presented in (Figure
1).

Figure 1: Schematic figure representing the filling ability and apical
extrusion assessments in micro-CT. Acrylic resin models with artificial
canals were prepared using the ProDesign Logic system and the first
scanning was performed in micro-CT SkyScan 1272. The specimens
were filled with the different sealers and scanned again.

IV Statistical Analysis

All data were analyzed with statistical software package GraphPad Prism
7.00 (GraphPad Software, La Jolla California USA). Data were
submitted to normality test, and then to the parametric one-way analysis
of variance (ANOVA) statistical test and to the Tukey multiple
comparison test, with significance level at 5%.

Results

Bio-C Sealer had the highest flow (mm and mm?), followed by Sealer
Plus BC and AH Plus (p < 0.05). NeoMTA Plus had the lowest value,
below 17 mm recommended by ISO 6876:2012 (p < 0.05) [20]. The flow
values are represented in (Table 2).

Sealers/Tests AH Plus NeoMTA Plus Sealer Plus BC Bio-C Sealer
Flow (mm) 21.65 (£0.96)° 14,38 (£0,72)¢ 25.89 (+0.95)" 31.55 (+1.22)
Flow (mm?) 430.2 (+98.37)° 190,4 (+31,86)¢ 718.1 (¢53.37) 877.2 (+43.92)

Different letters indicate statistically significant difference among experimental groups (p < 0.05).

Table 3: Mean and standard deviation of the results of voids (%) and extrusion (mm3) in artificial canals filled by single cone with different endodontic

sealers.

Sealers/Tests AH Plus

NeoMTA Plus

SealerPlus BC Bio-C Sealer

Total Voids (%) 0.393 (£0.13)®
Apical Voids (%) 1.636 (+0.48)?
Apical Extrusion (mm3) 0.202 (+0.11)°

0.867 (+0.45)
1.045 (+0.44)®
0518 (+0.21)°

0.533 (+0.26)®
0.885 (+0.23)"*
0.750 (+0.25)®

0.086 (+0.04)°
0.379 (0.15)°
1.165 (+0.45)*

Different letters indicate statistically significant difference among experimental groups (p < 0.05).

Regarding the micro-CT assessment of filling ability and extrusion
volume of the sealers (Table 3 & Figure 2), Bio-C Sealer presented lower
percentage of total voids than NeoMTA Plus (p < 0.05). Sealer Plus BC
and AH Plus were similar to Bio-C Sealer and NeoMTA Plus (p > 0.05).

When evaluating the apical third, AH Plus had higher percentage of

voids than Bio-C Sealer and Sealer Plus BC (p < 0.05). NeoMTA Plus
was similar to AH Plus and Sealer Plus BC (p > 0.05). Bio-C Sealer

Dent Oral Biol Craniofacial Res doi: 10.31487/j.DOBCR.2020.03.04

presented lower percentage of voids in apical third than NeoMTA Plus
(p < 0.05). Bio-C Sealer had higher extrusion volume than AH Plus and
NeoMTA Plus (p < 0.05). Sealer Plus BC was similar to the other sealers
(p > 0.05).
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! Neo MTA Plus ! Bio-CSealer Sealer Plus BC
| |

Figure 2: 3D Models using CTVox software showing the canals filled
with AH Plus, Neo MTA Plus, Bio-C Sealer and Sealer Plus BC.

Discussion

The aim of the current study was to evaluate flow, filling capacity and
volume of apical extrusion of new premixed ready-to-use bioceramic
sealers (Sealer Plus BC and Bio-C Sealer), in comparison with a calcium
silicate-based sealer composed of powder and gel (NeoMTA Plus) and
an epoxy resin-based material, considered the gold standard regarding
physicochemical properties (AH Plus). Differences are detected among
the sealers evaluated, rejecting our null hypothesis.

Flow rate of the root canal sealers was evaluated since this property
should allow the filling of irregularities, leading to greater penetration
into accessory canals, isthmus, and dentinal tubules [6, 23]. In the current
study, Bio-C Sealer had the highest flow, followed by Sealer Plus BC,
AH Plus and the lowest value was obtained by NeoMTA Plus. There is
no study evaluating this characteristic for NeoMTA Plus and no
parameters for comparison. However, even did not complying with the
ISO standard, a previous study showed a proper tubule penetration for
this sealer [13].

The flow may be influenced by the composition and particle size of the
materials [24]. Nanoparticles are widely used in dentistry aiming to
improve the properties of materials [25]. Despite the presence of resin in
AH Plus, which allows a higher flow capacity, the premixed ready-to-
use calcium silicate-based sealers showed greater flow than AH Plus,
which can be explained by the small size and degree of viscosity of
calcium silicate particles [6, 26, 27]. This high flow may justify the
three-dimensional filling promoted by Bio-C Sealer and Sealer Plus BC,
with low percentage of voids for both sealers.

AH Plus and NeoMTA Plus had similar voids percentage. To date, there
are no studies comparing the filling capacity of root canals with
NeoMTA Plus, making difficult direct comparisons. However, several
studies have shown satisfactory filling capacity for bioceramic sealers,
having similar filling ability to AH Plus [28-30]. Additionally, the apical
third is considered critical for endodontic treatment success and control
of re-infection [31, 32]. Bio-C Sealer and Sealer Plus BC had lower
percentage of voids in the apical third than AH Plus.

Although the high flow rate can lead to a lower total voids percentage
for Bio-C Sealer in comparison with NeoMTA Plus and also a better
filling in the apical third in comparison with NeoMTA Plus and AH Plus,
an excessive flow may increase the risk of apical extrusion, which may
impair the apical repair process [3, 23]. Moreover, even that the insertion
of Bio-C Sealer and Sealer Plus BC in the canals by means of an
applicator syringe may have contributed to the better filling of the canals,
a greater apical extrusion of these sealers can be a consequence of this
technique. Overextension of endodontic materials beyond the apical

Dent Oral Biol Craniofacial Res doi: 10.31487/j.DOBCR.2020.03.04

foramen could damage periodontal tissues, and in posterior lower teeth
could damage the inferior alveolar nerve [33, 34]. Therefore, there is a
greater chance of a consequent postoperative pain [23]. Nevertheless, a
previous study evaluated three hundred seven teeth with an average
follow-up time of 30 months after endodontic treatment using a ready-
to-use calcium silicate-based sealer (EndoSequence BC Sealer,
Brasseler, USA, Savannah, GA) with a single-cone technique [35]. The
authors observed sealer extrusion in 47.4% of the cases and concluded
that this factor did not have any significant effect on the treatment
outcome, which showed an overall success rate of 90.9%.

Furthermore, an important limitation of the current study was the
absence of tissues surrounding the resin block, differentiating this in
vitro study from a real clinical condition. In addition, most of the studies
that evaluated root canal filling used root canals of extracted human
teeth, whereas in the present study it was used simulated canals in blocks
of acrylic resin [28-30]. Although the artificial canals do not reproduce
the characteristics of root dentin, there is a great difficulty in obtaining
human teeth with similar conditions for comparison [36]. Therefore,
laboratory studies with acrylic blocks and simulated canals are
commonly used, which ensure a control of experimental conditions,
allowing only the variables of interest to be analyzed [37, 38].

Conclusion

Within the limitations of this in vitro study, we can conclude that the
premixed ready-to-use bioceramic sealers, Bio-C Sealer and Sealer Plus
BC had a high flow and filling ability in the apical third. However, these
sealers presented greater apical extrusion. NeoMTA Plus provided less
extrusion, but low flow and more voids.
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