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Abstract: The Bio-C Sealer is a recently developed high-plasticity, calcium-silicate-based, ready-to-use
material. In the present study, chemical elements of the materials were characterized using scanning
electron microscopy (SEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy
(FTIR). The biocompatibility of the Bio-C Sealer was investigated using cytotoxicity tests and
histological responses in the roots of dogs’ teeth. XRD, SEM, and FTIR produced hydrated calcium
silicate in the presence of water molecules. In addition, FTIR showed the formation of calcium
hydroxide and polyethylene glycol, a dispersing agent. The 1:4 dilutions of Bio-C Sealer presented
weaker cytotoxicity than the Calcipex II in an in vitro system using the V-79 cell line. After 90 d,
the periradicular tissue response of beagle dog roots was histologically evaluated. Absence of
periradicular inflammation was reported in 17 of the 18 roots assessed with the Bio-C Sealer,
whereas mature vertical periodontal ligament fibers were observed in the apical root ends filled with
the Bio-C Sealer. Based on these results and previous investigations, the Bio-C Sealer is recommended
as an effective root-end filling material. These results are relevant for clinicians considering the use of
Bio-C Sealer for treating their patients.

Keywords: calcium-silicate; Bio-C Sealer; root-end filling material; mineral trioxide aggregate (MTA)
cement; biocompatibility; beagle dog

1. Introduction

Calcium hydroxide (Ca(OH);) is an inorganic compound commonly used in dentistry; it has
become one of the most widely accepted materials in dental clinics [1]. However, although permanent
root canal sealers containing Ca(OH); have been introduced into the market [2], their disadvantages
have also been reported, including (a) lack of adhesion to dentin and other filling materials, (b) lack
of proper sealing, and (c) presence of micropores, which form tunnel defects that promote bacterial
infiltration in the pulp. Therefore, more biocompatible and complex materials are now being produced
to solve such issues [3]. Calcium silicate-based cement, conventionally known as mineral trioxide
aggregate (MTA) cement, is biocompatible, prevents microleakage, and promotes the regeneration of
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original tissues when in contact with periradicular tissues [4]. In addition, it is mainly composed of
dicalcium and tricalcium silicates with unique properties and a hydraulic self-curing material that
makes it suitable for clinical use [5-9].

Therefore, a single-cone technique with a hydraulic calcium silicate-based sealer may represent
a good tool given the superior flowability of the material and its ability to slightly expand upon
setting [10,11]. Elizabeth et al. [10] evaluated the outcome of nonsurgical root canal treatments using
a single-cone technique and a hydraulic calcium silicate-based sealer. Recently, the Bio-C Sealer
(endodontic sealer, Angelus, Londrina, Parana, Brazil) was introduced in the market in the form of
a premixed bioceramic material, providing the same biological interactions as MTA, although with
improved manipulation and insertion [7]. The Bio-C Sealer contains calcium silicates, which become
hydrated on contact with local humidity and produce a hydrated calcium silicate structure. In turn,
the formed Ca(OH), dissociates rapidly into Ca?" and OH~ ions, thereby increasing the pH of the
medium and making the environment inhospitable for bacterial growth [12]. Furthermore, the Bio-C
Sealer also contains zirconium oxide as a radiopacifier [13].

Given that achieving proper root canal filling is important for the long-term success of
endodontically treated teeth, root canal sealers must have appropriate physical and chemical
properties [14]. Zordan-Bronzel et al. [15] evaluated the physicochemical properties of the new
Bio-C Sealer in comparison with the TotalFill BC calcium silicate-based sealer and the AH Plus epoxy
resin-based sealer using conventional and micro-computed tomography (CT) tests. They concluded
that the Bio-C Sealer has a short setting time, alkalinization ability, and adequate flow and radiopacity.

In endodontic studies, knowing the toxicity and biocompatibility of new materials before applying
them clinically is essential, as some constituent compounds can damage the surrounding tissues [16,17].
More recently, researchers evaluated the superior cytocompatibility of the Bio-C Sealer in terms
of cytotoxicity in comparison with AH Plus and demonstrated that the composition of a filling
material plays an important role in its biological properties [18]. However, the cytotoxicity of root
canal sealers containing Ca(OH), has not been evaluated. In addition, there appears to be little
histopathological information available concerning the use of a high-plasticity calcium-silicate-based
material in root canals.

Therefore, the aim of this study was to address this gap in the current literature by investigating
the biocompatibility of a high-plasticity calcium-silicate-based material, the Bio-C Sealer, in the roots of
dogs’ teeth.

2. Materials and Methods

2.1. Preparation and Characterization

For materials that required moisture for setting, the mold was placed on a glass plate. Briefly,
2 g of Bio-C Sealer (Angelus, Londrina, Parand, Brazil) was mixed according to the manufacturer’s
instructions with 0.02 mL of water and the mold was filled to a slight excess. Another glass plate lined
with a plastic sheet on top of the sealer was pressed and the mold was placed in the cabinet for 24 h.
Thereafter, the specimens were carefully removed from the mold and the periphery of the specimen
was finished to remove flash and irregularities. Successively, the crystal phase of the clinker and setting
material was identified using an XRD system (XRD-6100, Shimadzu, Kyoto, Japan) and characterized
using a database from the International Center for Diffraction Data. Patterns were obtained under the
following conditions: 30.0 mA, 40.0 kV, scan rate: 2°/min, and 10°-70°. Scanning electron microscopy
images were obtained using parameters of 5.0 kV and 10 pA (SEM; S-4100, Hitachi High-Technologies
Corporation, Tokyo, Japan). Before observation, the samples were coated with platinum-palladium
alloy using E-1030 (Hitachi High-Technologies Corporation, Tokyo, Japan). Then, attenuated total
reflection Fourier transform infrared spectroscopy (IRAffinity-1S, Shimadzu, Kyoto, Japan) was used

to evaluate the clinker and setting material over a range of 4000-400 cm™! with a resolution of 2 cm™!.
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2.2. Cytotoxicity Test

This experiment involved comparisons between the Bio-C Sealer and Calcipex II (Nippon Shika
Yakuhin Co., Ltd. Shimonoseki, Japan). There are very few premixed materials available for use in
endodontic treatment, and we considered it reasonable to compare Bio-C Sealer and Calcipex Il because
both are premixed, Ca(OH);-based endodontic materials. Briefly, the cytotoxic potential of these dental
materials was evaluated in a 2—(4,5-dimethyl-2-thiazolyl)-3,5-diphenyl-2H-tetrazolium bromide
(MTT) reduction assay using the V-79 cell line. The V-79 cell line was composed of fibroblasts isolated
from the lung tissue of young Chinese male hamsters. The procedure was carried out according to the
ISO guidelines 10993-12 and the ratio of material surface area to extraction vehicle volume was calculated
as 1.5 cm?/mL. Furthermore, the extraction medium (Dulbecco’s Modified Eagle medium-high glucose
plus 10% bovine fetal serum and 1% penicillin/streptomycin solution; 10,000 penicillin units/10 mg/mL
streptomycin) was filtered with a 0.22 pum filter. Thereafter, the test item extract remained directly in
contact with the cells for 24 h at 37 °C and 5% CO, at the following concentrations: 12.5%, 25%, 50%,
and 100%. The V-79 cells were maintained in a culture medium (composition the same as extraction
medium) at 37 °C and 5% CO, for approximately 48 h to promote cell proliferation and to achieve
the desired confluency (approximately 80%). Successively, the fibroblasts from the V-79 cell line were
cultured in 96-well cell culture plates (1 x 10* cells per well) and incubated in the same culture medium
for 24 h to facilitate cell monolayer formation. The culture medium was then replaced with a fresh
medium either containing test substance (n = 6) or no test substance (n = 6). Different concentrations
of the test substance used for the treatment were incubated for 24 h. At the end of the exposure period,
the culture medium with the treatments was discarded and 50 pL of the MTT solution (1 mg/mL) was
added to each well. Thereafter, the cells were incubated for 2 h, the MTT solution was discarded, 100 puL.
of isopropanol was added to each well, and the plate was shaken for 5 min. Finally, the absorbance of the
test substance was measured at a wavelength of 570 nm (reference wavelength: 650 nm). This experiment
was repeated at least three times. The data obtained were analyzed using Statcel, version 4 (OMS, Tokyo,
Japan), and the Students’ t-test was applied. The level of significance was set to p < 0.05.

2.3. Animal and Tooth Preparation

Twenty teeth from the second and third maxillary premolars, as well as the second, third,
and fourth mandibular premolars of four 12-month-old beagle dogs were evaluated. All animal
procedures were performed according to the Animal Research Ethics Committee of the Osaka Dental
University (19-02012a). Briefly, the animals were anesthetized 15 min before the operation and received
inhalational anesthesia with isoflurane. Before the treatment, their teeth were radiographed and
cleaned with pumice (Meiji Co. Ltd., Tokyo, Japan), while their surfaces were thoroughly wiped
with a 10% povidone-iodine solution (Meiji Co. Ltd., Tokyo, Japan) to ensure aseptic conditions.
The access cavity was prepared with a sterile, diamond point FG (Shofu Inc., Kyoto, Japan) under
saline irrigation. In addition, the canals were prepared using Tri Auto ZX2 (J. Morita Corp., Kyoto,
Japan) and apically enlarged to the working length with K-type hand files of sizes 30-50 based on
the canal’s size. Furthermore, the canals were intermittently irrigated with 10 mL of 2.5% NaOCl,
rinsed for 30 s with 3% EDTA (Nippon Shika Yakuhin Co., Ltd. Shimonoseki, Japan), flushed with
5 mL of sterile saline, and dried with paper points (Ci Medical Co., Ltd., Ishikawa, Japan).

Thereafter, the prepared roots were assigned to either the Bio-C Sealer or the Calcipex II group.
Given that gutta-percha points were used to condense the sealers on the root canal walls, a decision
was made to investigate the reactions caused by both the points and the sealers. In the Bio-C Sealer
group (n = 36 roots), the roots were filled using the Bio-C Sealer and gutta-percha points by lateral
condensation and the teeth were restored with a light-cured, glass-ionomer cement base. A similar
procedure was followed for the Calcipex II group (1 = 20 roots); however, Calcipex Il was used for the
filling. All the animals were euthanized with an overdose of pentobarbital after 28 days and 90 days.
The specimens were removed immediately, each with one root and the surrounding alveolar bone,
and placed in 10% formalin. Successively, they were demineralized in 10% formic acid, processed and
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embedded in paraffin, cut into approximately 4-6 pm sections, and stained with hematoxylin and
eosin. Finally, the serial sections were microscopically examined and the periapical inflammation
(PI) was semi-quantitatively graded according to the following scale: 0, none; 1, mild; 2, moderate;
3, severe; 4, tissue necrosis.

3. Results

3.1. Characterization of Bio-C Sealer

The results of the XRD analysis of the clinker and setting material are shown in Figures 1 and 2.
The XRD patterns of the clinker suggested that the mineral phase was composed largely of dicalcium
silicate (C,5S), tricalcium silicate (C35), tricalcium aluminate (C3A), and zirconium oxide (ZrO,) as the
contrast agent (Table 1) [19-21]. In contrast, the setting material showed large peaks that represented
calcium silicate hydrate (CSH) (Table 2) [19,20,22]. Initially, stereomicroscopy and SEM were performed
on both the clinker and the material discs (Figure 3), which showed a lump of clinker sized 300-1000 pm
(Figure 3). In the SEM observation (Figure 3), the size of the calcium silicate grains in the clinker
before hydration was around 2 um. Images of the setting material indicated the formation of the
CSH phase after the hydration process (average size of these grains was approximately 5-10 pum)
(Figure 3). Therefore, the materials were analyzed using FTIR to determine changes between the
clinker and the setting materials (Figure 4, Tables 3 and 4). The clinker showed C3S and C,S bands of
573 cm~}, 1112 em™}, 494 em™!, and 912 em ™!, respectively [23]. The CSH bands were visible in the
setting material at 494 em™!, 575 ecm™, 881 em™!, 1647 cm™!, and 3431 cm™!, whereas a Ca(OH), band
was seen at 3637 cm ™! [24]. Polyethylene glycol, in other words, a dispersing agent, showed bands at
1101 cm™, 1246 cm™1, 1348 cm™!, 1456 cm™!, 1647 cm™!, and 2868 cm ™! [25].
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Figure 1. X-ray diffraction patterns for the clinker. Abbreviations: C3S, tricalcium silicate; C,S, dicalcium
silicate; ZrO,, zirconium oxide.

Table 1. X-ray diffraction information for the clinker.

Material 260  Intensity Crystal System  Crystal Planes

C3S 28.3 74 Hexagonal 2,0,-2,0
ZrO, 30.2 525 Tetragonal 1,0,1
C35/ Hexagonal 0,0,0,2
C,S 314 59 Hexagonal 1,0,-1,2
C3S/ Hexagonal 2,0,-2,1
C,S 325 43 Hexagonal 2,-1,-1,0
ZrO, 35.2 20 Tetragonal 1,1,0
ZrO, 50.3 187 Tetragonal 1,1,2
ZrO, 59.4 72 Tetragonal 1,0,3
ZrO, 60.0 116 Tetragonal 2,1,1

Abbreviations: C3S, tricalcium silicate; C,S, dicalcium silicate; ZrO,, zirconium oxide.
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Figure 2. X-ray diffraction patterns for the setting materials. Abbreviations: ZrO,, zirconium oxide;

CSH, calcium silicate hydrate.

Table 2. X-ray diffraction information for the setting materials.

Material 260  Intensity Crystal System  Crystal Planes
7 Tetragonal 101
rO,/CSH 29.6 282 Orthorhombic 0,2,0
-2,2,0
CSH 31.8 63 Orthorhombic 22,2
0,2,2
ZrO, 34.4 90 Tetragonal 1,1,0
ZOJCSH 498 28 R Yl
ZrO, 58.7 72 Tetragonal 1,0,3
ZrO, 59.6 147 Tetragonal 2,1,1

Abbreviations: ZrO,, zirconium oxide, CSH, calcium silicate hydrate.

(@)

Figure 3. Stereomicroscope and scanning electron micrographs of the (a) Bio-C Sealer; (b) clinker;
and (c) setting material. The bars are (a) 1 mm and (b,c) 10 um.
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Figure 4. Fourier transform infrared spectroscopy (FTIR) for the clinker and setting material.

Table 3. Fourier transform infrared spectroscopy (FTIR) information for the clinker.

Material Vibrational Wavenumber (cm~1)  Wavenumber (cm~1)
Mode Experimental (Reference)
C3S vSi-O stretching vibrations 1112 ~1060 [23]
C,S vSi-O stretching vibrations 912 ~925 [23]
C3S 5Si04 bending 573 ~522 [23]
C,S 5Si04 bending 494 ~452 [23]

Abbreviations: C3S, tricalcium silicate; C,S, dicalcium silicate.

Table 4. Fourier transform infrared spectroscopy (FTIR) information for the setting materials.

Material Vibrational Wavenumber (cm~1)  Wavenumber (cm~1)
Mode Experimental (Reference)

Ca(OH);  vO-H stretching (portlandite) 3637 ~3644 [24]
CSH vO-H stretching 3431 3300 to 3600 [24]
PEG vC-H stretching mode 2868 ~2878 [25]
CHS vH-O-H stretching vibrations 1647 ~1640 [24]
PEG 5C-H bending 1456 ~1464 [25]
PEG dC-H bending 1348 ~1343 [25]
PEG vC-O stretching vibrations 1246 1000 to 1300 [25]
PEG vC-O stretching vibrations 1101 1000 to 1300 [25]
CSH vSi—O stretching vibrations 925 ~1060 [24]
CSH vSi—O stretching vibrations 881 ~900 [24]
CSH 8Si04 bending 577 ~400 to 500 [24]
CSH 5Si0O4 bending 494 ~400 to 500 [24]

Abbreviations: CSH, calcium silicate hydrate; PEG, polyethylene glycol.

3.2. Cytotoxicity Test for the Bio-C Sealer and Calcipex II

A reduction in cell viability (below 30%) was observed for the Bio-C Sealer test substance compared
to the negative control at the following concentrations: 12.5%, 25%, and 50%. The same observations
were valid at a concentration of 100%. With regards to Calcipex II, a reduction in cell viability
(below 30%) was observed as compared to the negative control at the 12.5% and 25% concentrations.
Similar observations were made at concentrations of 50% and 100% (Figure 5).
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Figure 5. Cell viability (%) in terms of mean replicate percentages of the test substance concentrations
of the Bio-C Sealer and Calcipex IL

3.3. Histochemical Analysis

Clinically, evidence of swelling associated with the teeth treated with the Bio-C Sealer and
Calcipex Il was not reported at 28 days and 90 days from the procedure. Similarly, periapical lesions were
not observed following radiographic assessments (Figures 6 and 7). After 28 days and 90 days, both the
Bio-C Sealer- and Calcipex II-treated teeth showed immature periodontal ligament fibers and a thick
layer of cementum at the apex (Figure 6b,c,e,f). In addition, infiltration of round cells (i.e., mesenchymal
cells involved in tissue repair) was seen in the same area (Figure 6b,c,e,f). Although the capillaries in
the surrounding tissues were hyperemic, they did not show infiltration of lymphocytes or plasma cells
(Figure 6b,c,e,f). Overall, evidence of an inflammatory response associated with any of the treated
teeth at 28 days was not present. At 90 days, characteristic findings of healing were seen at the apical
foramen of Bio-C Sealer-treated teeth, whereas the original apical hole was reported to be closed by the
growth of a bone-like hard tissue (Figure 7b). In addition, mature vertical periodontal ligament fibers
were observed at the apical root portion (Figure 7c) from the alveolar bone to the apical cementum.
Conversely, although mature periodontal ligament fibers were observed at the apical root portion of
Calcipex II-treated teeth at 90 days (Figure 7f), they did not grow vertically.

Bio-C Sealer
(b) 8 . B
I\
Vé
s *  *
e =3\
b e <3 v
“Calcipex |l o
&) - 5 (f) #
I\ %

Figure 6. Histopathological events were observed after the evaluation of the periapical tissue response
to the proposed endodontic treatments. (a) Radiographic image and (b) histological section of a Bio-C
Sealer-treated tooth after 28 days; (c) highest magnification of the same section. (d) Radiographic image
and (e) histological section of a Calcipex II-treated tooth after 28 days; (f) highest magnification of the
same section. The bars of (b,e) are 100 um, whereas those of (c,f) are 200 um. Black arrows indicate
cementum, whereas red asterisks indicate immature periodontal ligament fibers.
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Figure 7. Histopathological events were observed after the evaluation of the periapical tissue response
to the proposed endodontic treatments. (a) Radiographic image and (b) histological section of a Bio-C
Sealer-treated tooth after 90 days; and (c) highest magnification of the same section. (d) Radiographic
image and (e) histological section of a Calcipex II-treated tooth after 90 days; (f) highest magnification of
the same section. The bars of (b,e) are 100 um, whereas those of (c,f) are 200 um. Black arrows indicate
cementum, red asterisks indicate mature periodontal ligament fibers, and black triangles represent
bone-like hard tissue.

Table 5 shows the scores of periapical inflammation (PI) assessed histologically at 28 days and
90 days after the experimental treatment procedures were completed. At 28 days and 90 days, none of
the roots showed moderate or severe PI or tissue necrosis in both the Bio-C Sealer and control groups.
Mild PI was reported in only 1 of the 18 roots (6%) in the Bio-C Sealer group and 2 of the 10 roots (20%)
in the Calcipex II group. Such PI measures remained constant for both groups at 90 days.

Table 5. Scores of periapical inflammations in dogs” premolars following histological assessment at
28 days and 90 days from the experimental treatment procedures.

Roots Level of PI *
Groups
Assessed (1) None (%) Mild (%) Moderate Severe Tissue Necrosis
Bio-C Sealer Group 28 days 18 17 (94) 1(6) 0 0 0
Control group (Calcipex II) 28 days 10 8 (80) 2 (20) 0 0 0
Bio-C Sealer Group 90 days 18 17 (94) 1(6) 0 0 0
Control Group (Calcipex II) 90 days 10 8 (80) 2 (20) 0 0 0

* PI, periapical inflammation.

4. Discussion

In the present study, roots filled with the Bio-C Sealer demonstrated outstanding healing of
periapical tissue, which was evaluated using histological methods. The current study is the first in vivo
experiment to test this new bioceramic material.

Characterization is an important step in the search for optimal materials given that changes
may occur in the substance, such as hydration of calcium silicate compounds in calcium-based
materials. In the present experiment, XRD was used for both the compositional and crystal phase
characterization of the Bio-C Sealer and the presence of the following mineral phases was indicated:
Ca,SiOs, CasSiOs, and CazAlyO;5 (i.e., the main constituents of Portland cement). Although the
addition of ZrO, provided radiopacity—a basic requirement of any dental material—the peak intensity
remained high. An important point is that ZrO, has much higher crystallinity and peak intensity
than clinker. This fact can be explained by the amount of radiopacifier, which is much higher than
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the amount of clinker, and the size of the particles. Marked intensity peaks assigned to CSH in the
setting materials were observed. In addition, water molecules came in contact with the Bio-C Sealer
clinker, causing hydration and setting of the cement. These chemical reactions involve the hydration
of calcium silicate compounds to produce a CSH gel, which is responsible for setting and forming
Ca(OH); [26-28]. Furthermore, SEM images showed the deposition of the hydro compounds resulting
from the setting reaction on the surface of the cement, as these grains grow and unite. FTIR showed
the Ca(OH), band at 3640 cm~! gradually sets with time and forms Ca(OH), in the setting materials.

The MTT assay is a classic test used to evaluate the possible cytotoxic effects of materials and is
employed after 24 h of cell exposure as per the International Organization for Standardization (ISO)
10993 guidelines [29]. The V-79 cell line was used in the ISO 10993 guidelines and is easily maintained
in culture. Furthermore, donor biopsy variability was eliminated and greater reproducibility was
possible [30]. MTT assays in the present study revealed the Bio-C Sealer to have high cell viability
rates at all the dilutions tested (undiluted, 1/2, 1/4), whereas strong cytotoxicity was observed with
1/2 dilutions of Calcipex II at the same time points. Calcipex II is a Ca(OH),-based sealer and the
cytotoxicity of such material is known to be due to the Ca(OH),, which produces a high pH [31].
Given that the samples in the present study were uncured, both components might have been involved
in cytotoxicity in this experiment. Nonetheless, the components might elute even in cured samples
given their high solubility, resulting in cytotoxicity. Sergio Lopez-Garcia et al. [7] showed that the
Bio-C-Sealer had higher cell viability than AH Plus containing formaldehyde and bisphenol-A, both of
which are known for their toxicity. In the present study, cytotoxicity tests were conducted using cell
lines. Much like target cells, primary cells may have specific metabolic potentials; therefore, they may
be more consistent with in vivo conditions [32,33]. Meanwhile, cytotoxicity tests for periodontal
ligament cells or dental pulp cells will be needed in the future.

The in vivo response of periradicular tissues to various root canal sealers or root filling materials
has been previously investigated [12,34-36]. Bernabé et al. [34] demonstrated that the periradicular
tissues of roots filled with a zinc oxide eugenol sealer had more severe inflammation than those filled
with gray MTA. Furthermore, Torabinejad et al. [37] reported that all root-ends of monkeys that were
filled with amalgam had periradicular inflammation. Supporting the present results, Chene et al. [38]
showed minimal or no inflammatory reaction in the tissues adjacent to the gray MTA and proved that
healing took place at all the surgical sites. In the present study, the use of the Bio-C Sealer resulted in
a more effective healing process and showed no inflammation in the periapical tissue. In addition,
the bone-like hard tissue was in close contact with the filled root end.

Bio-C Sealer is the only ready-to-use cement with tricalcium aluminate, which is known to induce
osteo-promotive and bone-remembering and is thought to contribute to the mineralization process of
the periapical tissue [39]. In the present study, Calcipex Il also allowed a satisfactory healing process and
minimal or no inflammatory reactionl although it showed a PI score similar to that of the Bio-C Sealer.
Economiades et al. [35] demonstrated that the inflammatory reaction of Calcipex II was more intense
than that of MTA, probably due to its composition. In contrast, Snot et al. [36] used a Ca(OH),-based
sealer in the treatment of root canal fillings in dogs’ teeth and reported a less severe irritation in 30-day
specimens, as well as areas of newly formed cementum. This observation was supported by their
results obtained from 90-day specimens, which also supported the results of the present study.

Another important feature of MTA is its ability to promote the formation of cementum directly
on the surface of the root tip, as reported in several animal experiments [37,38,40]. The formation
of cementum adjacent to MTA might be a result of the reaction between calcium oxide in MTA and
water or tissue fluids. This results in the formation of Ca(OH);, which may stimulate hard tissue
deposition [41]. In the present study, areas of newly formed cementum were observed; this observation
was supported by the results obtained with 28-day specimens. After 90 days, some cementum surfaces
were characterized by mature periodontal ligament fibers that mimicked Sharpey’s fibers. The source
of new cementum is either derived from the remaining periodontal ligament (which grows from the
sides) or from the ingrowing connective tissue of the bone [37].
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5. Conclusions

The Bio-C Sealer presented weaker cytotoxicity than the Calcipex II sealer containing Ca(OH), in
an in vitro system. In addition, the Bio-C sealer is biocompatible and safe to use in close contact with
the periapical tissue. Although the induction of periradicular inflammation was not reported, the Bio-C
sealer was shown to favor tissue repair. Furthermore, the sealer may contribute to the mineralization
process of the periapical tissue, which demonstrates its bioactive potential. The findings of the present
study are relevant for clinicians looking to explore the use of the Bio-C Sealer in clinical practice to
achieve better outcomes in their patients.

Author Contributions: Conceptualization, Y.H. and T.O.; methodology, T.O.; formal analysis, T.O.; investigation,
T.O. and K.T.; data curation, T.O., L.C., and N.T.; writing—original draft preparation; writing—review and editing,
Y.H., K.T, SK., and C.I; funding acquisition, Y.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Manhart, M.]. The calcium hydroxide method of endodontic sealing. Oral Surg. Oral Med. Oral Pathol. 1982,
54,219-224. [CrossRef]

2. Tronstad, L.; Barnett, F.; Flax, M. Solubility and biocompatibility of calcium hydroxide-containing root canal
sealers. Dent. Traumatol. 1988, 4, 152-159. [CrossRef] [PubMed]

3.  Voicu, G.,; Didilescu, A.C.; Stoian, A.B.; Dumitriu, C.; Greabu, M.; Andrei, M. Mineralogical and
Microstructural Characteristics of Two Dental Pulp Capping Materials. Materials 2019, 12, 1772. [CrossRef]

4.  Torabinejad, M.; Chivian, N. Clinical applications of mineral trioxide aggregate. J. Endod. 1999, 25, 197-205.
[CrossRef]

5. Donnermeyer, D.; Biirklein, S.; Dammaschke, T.; Schéfer, E. Endodontic sealers based on calcium silicates:
A systematic review. Odontology 2018, 107, 421-436. [CrossRef]

6. Gandolfi, M.G.; Siboni, E; Botero, T.; Bossu, M.; Riccitiello, E,; Prati, C. Calcium silicate and calcium hydroxide
materials for pulp capping: Biointeractivity, porosity, solubility and bioactivity of current formulations.
J. Appl. Biomater. Funct. Mater. 2014, 13, 43-60. [CrossRef]

7. Lopez-Garcia, S.; Lozano, A.; Garcia-Bernal, D.; Forner-Navarro, L.; Llena, C.; Guerrero-Gironés, J.;
Moraleda, J.-M.; Murcia, L.; Rodriguez-Lozano, FJ. Biological Effects of New Hydraulic Materials on
Human Periodontal Ligament Stem Cells. J. Clin. Med. 2019, 8, 1216. [CrossRef]

8. OKkiji, T.; Yoshiba, K. Reparative Dentinogenesis Induced by Mineral Trioxide Aggregate: A Review from the
Biological and Physicochemical Points of View. Int. ]. Dent. 2009, 2009, 1-12. [CrossRef]

9.  Parirokh, M.; Torabinejad, M. Mineral Trioxide Aggregate: A Comprehensive Literature Review—Part
III: Clinical Applications, Drawbacks, and Mechanism of Action. J. Endod. 2010, 36, 400—413. [CrossRef]
[PubMed]

10. Chybowski, E.A.; Glickman, G.N.; Patel, Y.; Fleury, A.; Solomon, E.; He, J. Clinical Outcome of Non-Surgical
Root Canal Treatment Using a Single-cone Technique with Endosequence Bioceramic Sealer: A Retrospective
Analysis. ]. Endod. 2018, 44, 941-945. [CrossRef] [PubMed]

11.  Giovarruscio, M.; Tonini, R.; Zavattini, A.; Foschi, F. Reparative procedures for endodontic perforations:
Towards a standardised approach. ENDO. 2020, 14, 217-228.

12.  Gomes-Filho, J.E.; Watanabe, S.; Lodi, C.S.; Cintra, L.T.A.; Nery, M.].; Filho, ].A.O.; Dezan, E.; Bernabé, PEE.
Rat tissue reaction to MTA FILLAPEX®. Dent. Traumatol. 2011, 28, 452-456. [CrossRef] [PubMed]

13. Li, X,; Yoshihara, K.; De Munck, J.; Cokic, S.; Pongprueksa, P.; Putzeys, E.; Pedano, M.S.; Chen, Z.;
Van Landuyt, K.; Van Meerbeek, B. Modified tricalcium silicate cement formulations with added zirconium
oxide. Clin. Oral Investig. 2016, 21, 895-905. [CrossRef] [PubMed]

14. Celikten, B.; Jacobs, R.; Vasconcelos, K.D.F.,; Huang, Y.; Shaheen, E.; Nicolielo, L.EP.,; Orhan, K. Comparative
evaluation of cone beam CT and micro-CT on blooming artifacts in human teeth filled with bioceramic
sealers. Clin. Oral Investig. 2018, 23, 3267-3273. [CrossRef]


http://dx.doi.org/10.1016/0030-4220(82)90220-1
http://dx.doi.org/10.1111/j.1600-9657.1988.tb00314.x
http://www.ncbi.nlm.nih.gov/pubmed/3267525
http://dx.doi.org/10.3390/ma12111772
http://dx.doi.org/10.1016/S0099-2399(99)80142-3
http://dx.doi.org/10.1007/s10266-018-0400-3
http://dx.doi.org/10.5301/jabfm.5000201
http://dx.doi.org/10.3390/jcm8081216
http://dx.doi.org/10.1155/2009/464280
http://dx.doi.org/10.1016/j.joen.2009.09.009
http://www.ncbi.nlm.nih.gov/pubmed/20171353
http://dx.doi.org/10.1016/j.joen.2018.02.019
http://www.ncbi.nlm.nih.gov/pubmed/29606401
http://dx.doi.org/10.1111/j.1600-9657.2011.01096.x
http://www.ncbi.nlm.nih.gov/pubmed/22151741
http://dx.doi.org/10.1007/s00784-016-1843-y
http://www.ncbi.nlm.nih.gov/pubmed/27153848
http://dx.doi.org/10.1007/s00784-018-2748-8

Materials 2020, 13, 4770 11 of 12

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Zordan-Bronzel, C.L.; Torres, FFE.; Tanomaru-Filho, M.; Chavez-Andrade, G.M.; Bosso-Martelo, R.;
Guerreiro-Tanomaru, ].M. Evaluation of Physicochemical Properties of a New Calcium Silicate-based Sealer,
Bio-C Sealer. |. Endod. 2019, 45, 1248-1252. [CrossRef]

Braga, ].M.; Oliveira, R.R.; Martins, R.C.; Vieira, L.Q.; Sobrinho, A.P.R. Assessment of the cytotoxicity of
a mineral trioxide aggregate-based sealer with respect to macrophage activity. Dent. Traumatol. 2015, 31,
390-395. [CrossRef]

Ferreira, CM.A.; Sassone, L.; Gongalves, A.S.; Carvalho, ].J.; Tomas-Catald, C.J.; Garcia-Bernal, D.;
Onate-Sanchez, R.E.; Rodriguez-Lozano, EJ.; Silva, E.J.N.L. Physicochemical, cytotoxicity and in vivo
biocompatibility of a high-plasticity calcium-silicate based material. Sci. Rep. 2019, 9, 3933. [CrossRef]
Lopez-Garcia, S.; Lloret, M.R.P.; Guerrero-Gironés, J.; Pecci-Lloret, M.P; Lozano, A.; Llena, C;
Rodriguez-Lozano, EJ.; Forner-Navarro, L. Comparative Cytocompatibility and Mineralization Potential of
Bio-C Sealer and TotalFill BC Sealer. Materials 2019, 12, 3087. [CrossRef]

Grangeon, S.; Claret, F,; Linard, Y.; Chiaberge, C. X-ray diffraction: A powerful tool to probe and understand
the structure of nanocrystalline calcium silicate hydrates. Acta Crystallogr. Sect. B Struct. Sci. Cryst. Eng. Mater.
2013, 69, 465-473. [CrossRef]

Hamid, S.A. The crystal structure of the 11A natural tobermorite Cajy »5[Si307,5(0H)1 5] - 1HO. Z. fiir
Kristallogr—Cryst. Mater. 1981, 154, 1-2. [CrossRef]

Jain, A.; Ong, S.P.,; Hautier, G.; Chen, W.; Richards, W.D.; Dacek, S.; Cholia, S.; Gunter, D.; Skinner, D.;
Ceder, G.; et al. Commentary: The Materials Project: A materials genome approach to accelerating materials
innovation. APL Mater. 2013, 1, 011002. [CrossRef]

Maddalena, R.; Li, K.; Chater, P.A.; Michalik, S.; Hamilton, A. Direct synthesis of a solid
calcium-silicate-hydrate (C-S-H). Constr. Build. Mater. 2019, 223, 554-565. [CrossRef]

Mollah, M.; Yu, W.; Schennach, R.; Cocke, D.L. A Fourier transform infrared spectroscopic investigation of
the early hydration of Portland cement and the influence of sodium lignosulfonate. Cem. Concr. Res. 2000,
30, 267-273. [CrossRef]

Yu, P; Kirkpatrick, R].; Poe, B.; McMillan, P.E; Cong, X. Structure of calcium silicate hydrate (C-S-H): Near—,
Mid-, and Far-infrared spectroscopy. J. Am. Ceram. Soc. 1999, 82, 742-748. [CrossRef]

Pavia, D.L.; Lampman, G.M.; Kriz, G.S.; Vyvyan, J. Introduction to Spectroscopy; Cengage Learning: Washington,
DC, USA, 2008.

Yazdi, K.A.; Ghabraei, S.; Bolhari, B.; Kafili, M.; Meraji, N.; Nekoofar, M.H.; Dummer, PM.H. Microstructure
and chemical analysis of four calcium silicate-based cements in different environmental conditions. Clin. Oral
Investig. 2018, 23, 43-52. [CrossRef]

Bolhari, B.; Nekoofar, M.H.; Sharifian, M.; Ghabrai, S.; Meraji, N.; Dummer, PM.H. Acid and Microhardness
of Mineral Trioxide Aggregate and Mineral Trioxide Aggregate-like Materials. J. Endod. 2014, 40, 432-435.
[CrossRef]

Grazziotin—Soares, R.; Nekoofar, M.H.; Davies, T.W.; Hubler, R.; Meraji, N.; Dummer, PM.H. Crystalline
phases involved in the hydration of calcium silicate-based cements: Semi—quantitative Rietveld X-ray
diffraction analysis. Aust. Endod. ]. 2017, 45, 26-32. [CrossRef]

Biological Evaluation of Medical Devices—Part 5: Tests for In Vitro Cytotoxicity; ISO: Geneva, Switzerland, 2009;
10993-5.

Huang, E-M,; Tai, K.-W.; Chou, M.-Y.; Chang, Y.-C. Cytotoxicity of resin-, zinc oxide-eugenol-, and calcium
hydroxide-based root canal sealers on human periodontal ligament cells and permanent V79 cells. Int. Endod. ].
2002, 35, 153-158. [CrossRef]

Eldeniz, A.U.; Erdemir, A.; Kurtoglu, F.; Esener, T. Evaluation of pH and calcium ion release of Acroseal
sealer in comparison with Apexit and Sealapex sealers. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2007,
103, 86-91. [CrossRef]

Arenholt-Bindslev, D.; Bleeg, H. Characterization of two types of human oral fibroblast with a potential
application to cellular toxicity studies: Tooth pulp fibroblasts and buccal mucosa fibroblasts. Int. Endod. J.
1990, 23, 84-91. [CrossRef]

Arenholt-Bindslev, D.; Horsted-Bindslev, P. A simple model for evaluating relative toxicity of root filling
materials in cultures of human oral fibroblasts. Dent. Traumatol. 1989, 5, 219-226. [CrossRef]

Bernabé, PEE.; Rocha, W.C.; Nery, M.].; Gomes-Filho, J.E.; Otoboni-Filho, J.A.; Junior, E.D. Histological
evaluation of MTA as a root-end filling material. Int. Endod. J. 2007, 40, 758-765. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.joen.2019.07.006
http://dx.doi.org/10.1111/edt.12190
http://dx.doi.org/10.1038/s41598-019-40365-4
http://dx.doi.org/10.3390/ma12193087
http://dx.doi.org/10.1107/S2052519213021155
http://dx.doi.org/10.1524/zkri.1981.154.3-4.189
http://dx.doi.org/10.1063/1.4812323
http://dx.doi.org/10.1016/j.conbuildmat.2019.06.024
http://dx.doi.org/10.1016/S0008-8846(99)00243-4
http://dx.doi.org/10.1111/j.1151-2916.1999.tb01826.x
http://dx.doi.org/10.1007/s00784-018-2394-1
http://dx.doi.org/10.1016/j.joen.2013.10.014
http://dx.doi.org/10.1111/aej.12226
http://dx.doi.org/10.1046/j.1365-2591.2002.00459.x
http://dx.doi.org/10.1016/j.tripleo.2006.10.018
http://dx.doi.org/10.1111/j.1365-2591.1990.tb00844.x
http://dx.doi.org/10.1111/j.1600-9657.1989.tb00365.x
http://dx.doi.org/10.1111/j.1365-2591.2007.01282.x
http://www.ncbi.nlm.nih.gov/pubmed/17714469

Materials 2020, 13, 4770 12 of 12

35.

36.

37.

38.

39.

40.

41.

Economides, N.; Pantelidou, O.; Kokkas, A.; Tziafas, D. Short-term periradicular tissue response to mineral
trioxide aggregate (MTA) as root-end filling material. Int. Endod. ]. 2003, 36, 44-48. [CrossRef] [PubMed]
Sonat, B.; Dalat, D.; Gunhan, O. Periapical tissue reaction to root fillings with Sealapex. Int. Endod. . 1990,
23, 46-52. [CrossRef] [PubMed]

Torabinejad, M.; Ford, T.R.P; McKendry, D.].; Abedi, H.R.,; Miller, D.A.; Kariyawasam, S.P. Histologic
assessment of mineral trioxide aggregate as a root-end filling in monkeys. J. Endod. 1997, 23, 225-228.
[CrossRef]

Chen, I; Karabucak, B.; Wang, C.; Wang, H.-G.; Koyama, E.; Kohli, M.R.; Nah, H.-D.; Kim, S. Healing after
root-end microsurgery by using mineral trioxide aggregate and a new calcium silicate-based bioceramic
material as root-end filling materials in dogs. J. Endod. 2015, 41, 389-399. [CrossRef]

Saghiri, M.A.; Orangji, J.; Asatourian, A.; Gutmann, J.L.; Garcia-Godoy, F.; Lotfi, M.; Sheibani, N. Calcium
silicate-based cements and functional impacts of various constituents. Dent. Mater. |. 2017, 36, 8-18. [CrossRef]
Baek, S.-H.; Plenk, H.; Kim, S. Periapical Tissue Responses and Cementum Regeneration with Amalgam,
SuperEBA, and MTA as Root-End Filling Materials. |. Endod. 2005, 31, 444—449. [CrossRef]

Holland, R.; De Souza, V.; Nery, M.].; Filho, ].A.O.; Bernabé, PF.,; Dezan, E. Reaction of rat connective tissue
to implanted dentin tubes filled with mineral trioxide aggregate or calcium hydroxide. J. Endod. 1999, 25,
161-166. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1046/j.0143-2885.2003.00611.x
http://www.ncbi.nlm.nih.gov/pubmed/12656513
http://dx.doi.org/10.1111/j.1365-2591.1990.tb00802.x
http://www.ncbi.nlm.nih.gov/pubmed/2391181
http://dx.doi.org/10.1016/S0099-2399(97)80051-9
http://dx.doi.org/10.1016/j.joen.2014.11.005
http://dx.doi.org/10.4012/dmj.2015-425
http://dx.doi.org/10.1097/01.don.0000148145.81366.a5
http://dx.doi.org/10.1016/S0099-2399(99)80134-4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Preparation and Characterization 
	Cytotoxicity Test 
	Animal and Tooth Preparation 

	Results 
	Characterization of Bio-C Sealer 
	Cytotoxicity Test for the Bio-C Sealer and Calcipex II 
	Histochemical Analysis 

	Discussion 
	Conclusions 
	References

