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Abstract

Objective The aim of this study was to investigate solubility, pH value, chemical structure, radiopacity, and cytotoxicity of
AH Plus BC, TotalFill BC, AH Plus, and AH Plus Jet sealers.

Materials and methods Cytotoxicity analysis with direct and extraction tests at 3 different concentrations (1:1, 1:2, 1:4 v/v%)
and time (24 h, 48 h, and 72 h) on Saos-2, PdLF, and THP-1 cell lines, chemical structure with scanning electron microscopy
(SEM) and energy-dispersive X-ray spectroscopy (EDX) analysis, solubility, pH, and radiopacity values of AH Plus BC,
TotalFill BC, AH Plus, and AH Plus Jet were evaluated. For statistical analyses of the groups, repeated measures, factorial,
and one-way ANOVA tests were used. The statistical significance level was set at p < .05.

Results Resin-based sealers showed higher cytotoxicity values than the bioceramic-based sealers (p < 0.05). Time and
concentrations were effective on the cell viabilities for cell lines. Higher peaks of calcium were detected bioceramic-based
sealers and higher amount of zirconium was detected in AH Plus BC (p < 0.05). AH Plus BC showed similar radiopacity
value with AH Plus, AH Plus Jet, whereas TotalFill BC showed the lowest radiopacity (p < 0.05). Bioceramic-based seal-
ers had higher pH values in all experiment periods, and the difference between resin- and bioceramic-based sealer groups
was significant (p < 0.05). However, the solubility values of the tested root canal sealers revealed no differences (p > 0.05).
Conclusions The newly produced AH Plus BC Sealer showed similar properties with TotalFill BC, and their biological
properties were better than AH Plus and AH Plus Jet.

Clinical relevance AH Plus BC could be a possible alternative to other bioceramic- or resin-based sealers.
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Introduction

In recent years, significant progress has developed in

bioceramic sealers, especially in hydraulic calcium sili-

50 Gozde Kandemir Demirci cate-based (HCS-based) bioceramic sealers which have
dt.gozdekandemir@hotmail.com; a wide area of use in endodontics because of their high
gozde kandemir.demirci @ege.edu.tr biocompatibility properties. HCS-based bioceramic sealers
are mostly used in combination with gutta-percha cones
and are preferred for root canal obturation [1]. Consider-
ing that the materials used in root canal treatment are in
direct contact with the periapical tissues, biocompatibility
is an important parameter in the choice of materials for
root canal treatment. The ideal root canal sealer should
not harm the periapical tissues and not prevent the repair
process, and even should have healing-stimulating proper-
ties [2]. Compared to conventional endodontic root canal
sealers [3] HCS-based bioceramic sealers provide essential
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advantages such as higher biocompatibility and reducing
the inflammatory reaction [4, 5].

In resin-based systems, in order to overcome the compli-
cations of the two-tube system AH Plus, AH Plus Jet (Dent-
sply De Trey, Konstanz, Germany) was introduced with a
device capable of automatic proportioning and mixing [6,
7] which provides homogenous distribution of the organic
and inorganic components and improves the physicochemi-
cal properties of this sealer such as radiopacity, flow, and
solubility [6, 7].

TotalFill BC sealer (FKG Dentaire, La Chaux-de-Fonds,
Switzerland) is one of the new calcium silicate-based canal
sealers and contains dicalcium silicate, tricalcium silicate,
calcium hydroxide, monobasic calcium phosphate, zirco-
nium oxide, tantalum oxide, filler, and thickening agents [8].
It is ready to use in a single syringe and self-cures in the root
canal without pre-mixing. Biocompatibility, bond strength,
and dentin penetration ability of TotalFill BC Sealer have
been reported previously [9, 10].

The recently introduced AH Plus Bioceramic (AH Plus
BC) sealer (Dentsply Sirona, Switzerland) is a premixed
form of the tricalcium silicate bioceramic sealer. Until today,
to the authors' knowledge, only two studies investigated the
biological and physical properties of the newly produced
AH Plus BC sealer [11, 12]. However, in these studies, bio-
compatibility was assessed on periodontal ligament stem
cells, but not on osteoblast and macrophage cell-lines. The
present study aimed to evaluate and compare the chemical
structure, solubility, pH values, cytotoxicity on human osteo-
blast cell line (Saos-2), human peripheral blood monocytes
cell line (THP-1) and human periodontal ligament fibroblast
cell line (PdLF), and to evaluate and compare the radiopacity
of AH Plus BC sealer, TotalFill BC sealer, which is another
branded bioceramic-based sealer, and conventional root

canal sealers. The null hypothesis was that the root canal
sealers tested have not equivalent solubility, pH value, chem-
ical structure, radiopacity, and cytotoxicity on human osteo-
blast cell line (Saos-2), human peripheral blood monocytes
cell line (THP-1), and human periodontal ligament fibroblast
cell line (PALF) in vitro laboratory studies.

Materials and methods

In this study, two calcium silicate-based and two resin-
based sealers were evaluated: AH Plus BC (Manufactured
by Maruchi Distributed by Dentsply Sirona, Ballaigues,
Switzerland), TotalFill BC (FKG Dentaire SA, La Chaux-
de-Fonds, Switzerland), AH Plus (Dentsply, Konstanz, Ger-
many) and AH Plus Jet sealers (Table 1). All materials were
prepared under aseptic conditions according to the manufac-
turer's instructions and placed in standard molds with 5 mm
of diameter and 2 mm of height and stored in an incubator
at 37 °C and 95% humidity for 48 h to allow cure [12, 13].
Each of the sealer specimens was sterilized by UV for 15
min on each side before the cytotoxicity tests.

Evaluation of cytotoxicity
Root canal sealer samples preparations

Twelve samples were prepared and the cytotoxicity poten-
tials were investigated on human osteoblast cell line (Saos-
2), human peripheral blood monocytes cell lines (THP-1)
and human periodontal ligament fibroblast cell line (PdLF)
with (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) (MTT) assay, which was performed in triplicate for

Table 1 Manufacturers and compositions of the tested root canal sealers

Material Manufacturer Composition Batch number
AH Plus BC  Manufactured by Maruchi Distributed by Dentsply Zirconium dioxide, tricalcium silicate, dimethyl sulfox- KI220720
Sirona, Ballaigues, Switzerland ide, lithium carbonate, thickening agent
TotalFill BC FKG Dentaire SA, La Chaux-de-Fonds, Switzerland Zirconium oxide, tricalcium silicate, dicalcium silicate, 20003SP
calcium hydroxide
AH Plus Manufactured by Dentsply DeTrey GmbH, Konstanz, Paste A: bisphenol-A epoxy resin, bisphenol-F expoxy 2205000688
Germany resin, calcium tungstate, zirconium oxide, silica, iron
oxide pigments
Paste B: dibenzyldiamine, aminoadamantane, tricyclo-
decane-diamine, calcium tungstate, zirconium oxide,
silica, silicone oil
AH Plus Jet  Manufactured by Dentsply DeTrey GmbH, Konstanz, Paste A: bisphenol-A epoxy resin, bisphenol-F expoxy 2208000895

resin, calcium tungstate, zirconium oxide, silica, iron
oxide

pigments

Paste B: dibenzyldiamine, aminoadamantane, tricyclo-
decane-diamine, calcium tungstate, zirconium oxide,
silica, silicone oil

Germany
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each of the tested sealers (AH Plus BC, Total Fill BC, AH
Plus, and AH Plus Jet).

The Human Periodontal Ligament Fibroblast cell line
(PdLF) was kindly granted by Dr. Sema Cinar. The Saos-2
and THP-1 cell lines were purchased from ATCC (Manassas,
VA, USA). Cell lines were propagated in Dulbecco's Modi-
fied Eagle F12 (DMEM/F12) medium containing 10% fetal
bovine serum (FBS), 1% L-glutamine, 100 pg/ml streptomy-
cin, 100 U/ml penicillin (Gibco, NY, USA), and maintained.
Cells were cultured in 75 cm? flasks at a volume of 10 ml per
flask and incubated at 37 °C in a humidified atmosphere of
5% CO, following the International Standard ISO 10993-5
guidelines [14].

Determination of cell viability

Cytotoxicity of the materials was assessed both via direct
contact and the extraction methods by the MTT analysis,
which is a proliferation test based on the metabolic activity
of the cells [15]. The principle of the test is based on the
conversion of tetrazolium salt with increased dehydroge-
nase enzyme activity into a colored formazan by the mito-
chondrial activity of living cells. MTT solution which was
diluted from stock solution (2.5 mg/ml stock) was used to
measure the percent viability of the samples. 100 pl MTT
solution was added for “direct contact test” and 20 ul MTT
solution was added for “extraction test,” separately. After 4
h of incubation of the cells with MTT, 150 pl DMSO was
added to dissolve the formazan crystals for both test and the
absorbance of the samples was measured at 570 nm with
a spectrophotometer (Thermo Fisher Scientific). In both
“direct contact test” and “extraction test,” doxorubicin was
used as the positive control group.

a. Evaluation of the cytotoxicity by direct-contact test Saos-
2, PALF, and THP-1 cells and sealers in solid form were used
in direct contact test analyses in 24-well microplates [14].
Cell counting was performed by trypan blue destaining-
based cell count using hemocytometry and the cells were
inoculated in 24-well microplates with an initial concentra-
tion of 8 x 10* cells/well at a total volume of 500 pl. Cells
were incubated overnight at 37 °C in a humidified atmos-
phere of 5% CO,. At the end of the incubation, each solid
sealer sample was placed in the middle of the 24-well micro-
plates with sterile forceps. All microplates were incubated
at 37 °C with 5% CO, for 24 h [16]. The morphology of the
cells was examined under an inverted microscope at the 1st
and 24th hours. Cell viability was determined by MTT assay
as mentioned above. After the incubation, 100 pl MTT solu-
tion was added each well and incubated for 4 h. At the end
of the procedure, 150 pl DMSO was added to dissolve the
formazan crystals and the absorbance of the samples was
measured at 570 nm.

b. Evaluation of the cytotoxicity by extraction test For all
the tested root canal sealers, the cytotoxicity effects of the
samples were evaluated according to time (24 h, 48 h, and
72 h) and concentration (1:1, 1:2, and 1:4v/v%). Each of the
UV-sterilized sealer samples was extracted during 24 hin 1
ml of serum and antibiotic-free DMEM/F12 medium in ster-
ile Eppendorf's. Also, Saos-2, THP-1, and PdLF cells were
inoculated in 96-well microplates at an initial concentration
of 5 x 10* cells/well at a total volume of 100 pl and were
incubated overnight at 37 °C in a humidified atmosphere
of 5% CO,. In order to provide 3 different concentrations
(1:1, 1:2, 1:4 v/v%) at 24th, 48th, and 72nd hours, the deter-
mined amount of nutrient medium was drawn from the wells
after extraction and the extraction medium was added to
each well of 96-well microplates [14]. Serum and antibiotic-
free DMEM/F12 medium were used as the control group,
whereas Doxorubicin was used as the positive control group
[17]. The samples were incubated for 24 h, 48 h, and 72 h.
At the end of the incubation period for each microplate, 20
pl MTT solution was added to each well and incubated for 4
h. After the incubation, 150 pl DMSO was added to dissolve
the formazan crystals, and the absorbance of the samples
was measured at 570 nm. Samples were examined under
an inverted microscope at 10X magnification at 24, 48, and
72 h during the extraction test. In addition, at the end of the
24th, 48th, and 72nd hours, the percent viability test was
performed on the extraction samples using the MTT method.

Scanning electron microscopy (SEM)
and energy-dispersive x-ray spectroscopy (EDX)
analysis

Five standard samples were prepared for each group (n =
20). The samples were coated with gold and examined in
a scanning electron microscope (SEM) (Thermoscientific
Apreo S, Waltham, MA, USA) without any preparation or
manipulation, and the chemical content of each sealer sam-
ple was analyzed using energy dispersive x-ray spectroscopy
(EDX) (Thermoscientific Apreo S, Waltham, MA, USA)
analysis. The metals used to sputter coat the specimens were
excluded from the EDX data. EDX analyses to characterize
the elemental composition were performed from the full area
of each root canal sealer specimen (n = 20) by using EDAX
Team software (EDAX., Mahwah, NJ, USA) under 20Kv.
SEM surface analyses were performed at 65x, 150%, 300X,
1500x%, and 5000x magnifications to determine the surface
morphology and particle shape.

Evaluation of pH change
Initial pH value of the distilled water was determined as 7.09

in all groups. Five samples for each tested sealer group were
placed in glass vials containing 10 mL mili-Q-water. They
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were kept in an incubator at 37 °C for 1, 2, 3,7, 14, 21, and
28 days. The pH was measured after each period using a
pre-calibrated pH meter (OrionFive Star; Thermo Scientific,
MA, USA) [18, 19].

Solubility tests

The solubility amount of the sealers was calculated as a per-
centage with the formula specified in the ISO 6876 standards
[20]. The sealers were mixed in accordance with the manu-
facturer’s recommendations and were placed in standard
molds to prepare 5 samples for each group. The samples
were kept in an incubator at 37 °C for during the test period.
The initial weights of the samples were assessed with a pre-
cision scale and recorded (Denver Instrument GmbH, Got-
tingen, Germany). The solubility of the sealers was deter-
mined on the 1st, 2nd, 3rd, 7th, 14th, 21st, and 28th days.
Samples were weighted and immersed in vials containing 10
mL mili-Q-water (Millipore Sigma, Burlington, MA). Both
surfaces of the samples were dried several times with the
help of filter paper before weighing. After making sure that
there was no solvent left on the sample surface, the weigh-
ing process was started. For the drying process, different
filter papers were used both on each surface and for each
sample. The weight of the samples before (m1) and after
(m2) immersion in distilled water was measured by means
of a precision scale and the difference was recorded as the
dissolution amount, which was divided by the initial weight
of the samples and was multiplied by 100 to calculate the
percentage of dissolution [20].

Radiopacity analysis

Five samples were utilized for each group (n = 20). A five-
step 99% purity aluminum stepwedge (Al SW) with 2 mm
difference between the steps was used as an internal radi-
ographic standard in order to calculate the radiopacity of
each root canal sealer and to compare the radiopacity of the
samples. The samples and the aluminum stepwedge were
positioned on a phosphor plate (Digora; Orion Corporation
Soredex, Helsinki, Finland), and a radiograph was obtained
using a dental X-ray machine (Gendex GX, Lake Zurich,
IL, USA) under standard exposure conditions (60 kVp, 7
Ma, 0.32 s, 30 cm target to film distance). Exposed phos-
phor plates were scanned instantly after exposure by using
the Digora plate scanner according to the manufacturer’s
instructions. On the digital images, a region of interest (ROI)
with 50 x 50 pixels was selected on every specimen and on
every step of the Al SW. Utmost care was afforded to select
regions without air bubbles inside the sealer material. The
mean gray values (MGVs) of the ROIs of every test sample,
each step of Al SW and dentin were evaluated using the
histogram function of a computer graphics program (Adobe
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Photoshop 8.0, Adobe System, San Jose, CA, USA). The
MGVs of all samples were measured three times and the
mean MGV of each material was calculated. Density meas-
urements of the materials were performed by a single opera-
tor who was blinded to the tested root canal sealers. In order
to eliminate the variations between the digital images and
to standardize the test conditions to assess the radiopacity, a
regression curve equation was defined for each digital image
by using the MGVs of each Al SW step. The radiopacity of
the root canal sealer specimen was established in millimeters
of equivalent Al (mm Al).

Statistical analyses

The Shapiro-Wilk and the Levene tests were used to evalu-
ate the distribution of data within the groups. The Shapiro-
Wilk and Levene tests revealed that the sample distribution
was parametric. Descriptive statistics were calculated. The
cell viability with direct tests and radiopacity were analyzed
using one-way ANOVA and Tukey’s post hoc tests. Extrac-
tion tests (time and concentration effect on cell viability)
were analyzed with factorial ANOVA and pH and solubil-
ity tests were analyzed using repeated measures ANOVA.
Kruskal-Wallis tests were performed for elemental analysis.
The statistical significance level was set at p < .05.

Results

Determination of cell viability

a. Cytotoxicity by direct-contact test results After 24 h of
incubation of the direct-contact test samples, no difference
was observed between the cell viability values of AH Plus
BC and Total Fill BC sealers in Saos-2, PdLF, and THP-1
cell-lines (p > 0.05). AH Plus sealer presented lower cell
viability value than the other groups in all of the cell-lines
with statistically significant differences between AH Plus
and AH Plus BC and TotalFill BC (p < 0.05). Doxorubicin
was used as the positive control and showed the highest
cytotoxicity value in all cell line groups compared with the
other tested root canal sealers (p < 0.001) (Fig. 1).

b. Cytotoxicity by extraction test results The analysis
revealed that the cell viability values of all tested materials
were significantly different between Saos-2 and THP-1 cells,
and between PALF and THP-1 cells (p < 0.05). The highest
cell viability of the test materials was observed in Saos-2
cells and was followed by PdLF and THP-1 cells.
Considering the effect of sealers on the viability of Saos-2
cell lines, there were no significant differences at the end of
24 h. For all tested root canal sealers, the time was effective
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on the cell viability and statistically significant between 24
h and 48 h (p < 0.05) and 24 h and 72 h (p < 0.001). At
the end of 72 h, the highest percent viability was observed
with 1:4 concentration of AH Plus BC group, and the low-
est percent viability was with 1:1 concentration of AH Plus
group at the end of the 72 h (p < 0.05). Doxorubicin showed
higher cytotoxicity at 1:1 concentration and 72 h (p < 0.001)
(Fig. 2a, b, ¢).

The percent viability values were lower in PALF cell lines
than in Saos-2 cells. For all the tested root canal sealers, the
cytotoxicity of the samples increased with time and high
concentration, and the time (24 h, 48 h, and 72 h) and the
concentration (1:1, 1:2, and 1:4) were effective on the cell
viability (p < 0.001). After 24 h, the highest percent viabil-
ity in PALF cells was observed at the concentration of 1:4.
At this concentration, the highest percentage viability was
found in the TotalFill BC group and the lowest percentage
viability was found in AH Plus group (Fig. 2d, e, f). In the
positive control group, both concentrations and time were
effective on the cell viability (p < 0.001).

Higher cytotoxicity values were found in THP-1 cell lines
compared to other cells (p < 0.05). Percent viability values
decreased significantly depending on time (24 h, 48 h, and
72 h) and concentration (1:1, 1:2, and 1:4) (p < 0.05). In
Total Fill BC group, both the time and concentrations were
effective and there were statistically significant differences
between 1:1 and 1:4 concentrations at all time periods (24
h, 48 h, and 72 h) (p < 0.001). Similarly, in AH Plus Jet
group, both the time and concentrations were effective and
significant differences were observed between 1:1-1:2 and
1:1-1:4 concentrations at all time periods (24 h, 48 h, and
72 h) (p < 0.001). In AH Plus BC and AH Plus groups, the
time and concentration were effective on the results, and
there were significant differences between all-time periods
and concentrations (p < 0.001) (Fig. 2g, h, 1).

SEM-EDX analysis results

SEM-EDX analysis revealed surface element distributions of
the root canal sealers (AH Plus BC, TotalFill BC, AH Plus,
and AH Plus Jet). Chemical compositions and the amount
of the elements of the root canal sealer specimens according
to the EDX analysis are presented in Table 2 and Fig. 3. The
elements O, Si, Zr, and, Ca were detected in all samples. A
higher peak of calcium (Ca) was detected in AH Plus BC
and Total Fill BC sealers compared to and AH Plus and
AH Plus Jet, whereas a higher peak of zirconium (Zr) was
observed in AH Plus BC compared with the other tested
sealers. Tungsten (W) was detected in the AH Plus, AH Plus
Jet and with a trace amount of in the AH Plus BC samples.
A higher pick of carbon (C) was detected in AH Plus and
AH Plus Jet, and at low level of in Total Fill BC. Scanning
electron micrographs at 65X, 150%, 300%, 1500x and 5000x
magnifications of the specimens are presented in Fig. 4. AH
Plus BC and Total Fill BC exhibited irregular and rough
surface structure, while AH Plus and AH Plus Jet presented
smoother surfaces (Fig. 4).

pH analysis results

The measurements of pH values were performed at the end
of the 1st, 2nd, 3rd, 7th, 14th, 21st, and 28th days with a
pH meter are presented in Fig. 5. There was no statistically
significant difference between AH Plus and AH Plus Jet and
there was no statistically significant difference between AH
Plus BC and Total Fill BC groups. Higher pH values were
revealed in bioceramic-based sealer groups in all the experi-
ment periods, and there was statistically significant differ-
ence between resin- and bioceramic-based sealer groups (p
< 0.05). AH Plus BC and TotalFill BC showed a high pH
throughout the test periods and almost kept the first day’s pH
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Fig.2 Percentage of cell viabil-
ity for extraction tests at differ-
ent concentration on Soas-2,
PdIF and THP-1 cell-lines after
24 h, 48, and 72 h incubation
(*p < 0.05, **p < 0.001)
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Table 2 Chemical compositions Groups Element (w%)

and the amount of the elements

of the root canal sealers C (6] Si Zr Ca w
AH Plus BC 0.01%%%" 45.84* 0.84" 43.12 ¥ b% et 25.33 % b* 0.28%%%"
TotalFill BC 1.00°"9* 54.69%" <" 1.10* 17.64 % 29.68 <-4 0.00°" 9"
AH Plus 43,81%¢" 26.21% 2.23 16.95> 3.63%¢" 11.87%%¢"
AH Plus Jet 39.810" 4" 19.31%%¢" 3.164%" 16.44 <" 4.66°" 94" 16.56"" 4"

Statistically significant difference between the sealers groups according to the elements indicated by the

same letters a*, b*, ¢*, and d*

at the end of the 28th day (p > 0.05). There were statistically
significant differences between initial (1st and 2nd days) and
final pH measurement days both in in AH Plus (21st and
28th days) and AH Plus Jet (7th, 14th, 21st, and 28th days)
groups (p <0.05) (Fig. 5).

Solubility tests results

In the present study, all groups met the ISO standards and
did not show solubility higher than 3% (ISO 6876:2012).
There was no statistically significant difference between AH
Plus BC and TotalFill BC groups, and AH Plus and AH Plus
Jet groups (p < 0.05). The time and material interaction were
observed both in AH Plus and AH Plus groups (p < 0.05)
(Fig. 6).

Radiopacity analysis results

The average radiopacity values of each sealer as millimeters
of equivalent Al are presented in Fig. 7. All the analyzed
sealers showed radiopacity values corresponding to at least
3 mm aluminum step [19]. There was no significant differ-
ence between the radiopacity values of AH Plus BC (12.75
mm Al), AH Plus (12.50 mm Al), and AH Plus Jet (12.02
mm Al). Total Fill BC showed significantly lower radiopac-
ity value compared the other tested root canal sealers (p <
0.001). All test materials were more radiopaque than dentin
(Fig. 7).

Discussion

Root canal sealers are placed inside the root canal and are
expected to have minimal contact with periradicular tissues.
However, during root canal treatment, they may protrude
from apical or accessory foramens or lateral canals into the
surrounding tissues in varying amounts [21]. Therefore, a
sealer should not damage the periapical tissues or prevent
the tissue healing process, especially at the cellular level
[22, 23]. Within this context, the healing process after root
canal filling is affected by the physicochemical properties
of the sealer [3]. Understanding the physical and chemical

properties of the material is important in clinical decision-
making and the selection of the appropriate root canal
sealer. This is even more crucial when a new endodontic
sealer is introduced into endodontic practice. In the present
study, solubility, pH value, chemical structure, radiopac-
ity, and cytotoxicity properties of AH Plus, AH Plus Jet,
Total Fill BC, and the newly produced AH Plus BC seal-
ers were assessed. The null hypothesis of the present study
was accepted, as the tested root canal sealers did not show
equivalent cytotoxicity, radiopacity, pH, and solubility val-
ues according to the obtained results.

In vitro studies that comprise the evaluation of the cyto-
toxicity, radiopacity, pH, and solubility are required for
acceptability of root canal sealers for clinical practice [24,
25]. Numerous cell lines, including human periodontal
fibroblasts, osteoblasts, and monocytes, which have simi-
lar properties and phenotypes to dental and periapical tis-
sues, have been used for cytotoxicity evaluation of dental
materials [26-31]. Osteoblasts are an important cell group
in the healing process of the teeth and the periapical tis-
sues. Monocytes are the most important cells in many physi-
ological and pathophysiological processes, and the first body
reaction that occurs when the sealer encounters the peri-
apical connective tissue with an attempt to phagocytize the
sealer [32, 33]. Similar to monocytes, periodontal fibroblast
cells (PDLFs) are in contact with root canal sealers in the
periapical area. Since these cells play an important role in
the healing process of periodontal ligament and implicitly
existing periapical lesions [34], contact or extrusion of a root
canal sealer should not damage these cells. Based on this
information in the literature, all resin- or bioceramic-based
root canal sealers are considered as foreign materials to the
body if they remain in constant contact with the periapical
tissues. Different immortalized cell lines have been used to
evaluate the cytotoxicity of endodontic sealers, especially
since they proliferate rapidly and have an indefinite lifespan,
allowing higher reproducibility of results. Considering some
of the expected differences in the responses of immortalized
cells, the use of relevant human primary cells in the study
of endodontic materials has previously been noted [35, 36].
Therefore, the THP-1, Saos-2, and PdLF cell lines were the
closest to ideal cells for cytocompatibility experiments, as
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Fig. 3 Energy-dispersive X-ray spectroscopy (EDX) analysis results of the tested root canal sealers

their direct interaction with biomaterials could play a critical
role in a clinical setting [37, 38]. Thus, in the present study,
human osteosarcoma cell line [39—41], monocytes cell line
(THP-)1, and human periodontal fibroblast cell (PDLFs)
lines were selected to evaluate the cytotoxic potential of
the root canal sealers. Our results disclosed that resin-based
AHP and AHP Jet sealers showed higher cytotoxicity than
bioceramic-based sealers, resulting in significant reduction

@ Springer

in cell viability of PDLF, Saos-2, and THP-1 cell lines with
both tests.

Cytotoxicity tests are basic and reproducible test meth-
ods that can be used in standard configurations and allow
to assess the toxicity of a root canal sealer [42, 43]. There
are three types of cytotoxicity test methods: extract dilution,
direct contact, and indirect contact test that are sensitive to
detect low to high levels of cellular toxicity [14, 43]. These
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Fig.4 Scanning electron microscopy (SEM) images at 65X, 150, 300x, 1500%, and 5000x magnifications
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Fig.5 pH values of the tested root canal sealers with standard error at
the experimental periods

tests can quickly produce results suitable for quantitative
evaluation [43—45]. The direct contact test is the most sen-
sitive for evaluating the cytotoxicity of the medical mate-
rials and the method produces direct contact of the solid
materials with cultured cells in vitro. The direct contact
test occurs by observing the morphological changes and
detecting the changes in the number of cells; it can directly
reflect the impact of testing the medical materials on the

cells. The extract dilution test is applied to detect toxins
leached from exposed surfaces [43]. Under our experimen-
tal conditions, AH Plus and AH Plus Jet sealers exhibited
significantly higher cytotoxicity than AH Plus BC and Total
Fill BC sealers with direct contact and extract dilution test
methods. These results are in accordance with the literature
which reported resin-based sealers have higher cytotoxic-
ity levels than the hydraulic calcium silicate-based sealers
[11, 12, 46].

In extraction analyses, 1:1, 1:2, and 1:4 concentrations
were evaluated as described in the literature to simulate
the root canal sealer leaching via accessory foramens for
all types of cell lines [47]. Similar to direct contact test-
ing results, the resin-based sealers were more cytotoxic
than bioceramic-based sealers. During 24-, 48-, and 72-h
measurements, the level of cell viability decreased over time
for all types of root canal sealers. In all cell lines, AH Plus
sealer was detected as the most cytotoxic sealer with 1:1
concentrations of the extracts. These results are in accord-
ance with the literature [12].

Homogeneous surfaces of the AH Plus and AH Plus Jet
fillings were observed with SEM examination. Large crys-
talline irregular structures were noticed on the surfaces of
TotalFill BC and AH Plus BC sealers. Determining the ele-
mental compositions of root canal sealers helps to under-
stand their biological properties such as the cytotoxic effect
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on the cells they come into contact with, and to evaluate the
effects of the elements in their contents [48-50]. Energy
dispersive X-ray spectroscopy (EDX) is an analysis method
used for this purpose, and determines the elements contained
in and dispersed on the surfaces of the root canal sealers. As
expected, both bioceramic-based sealers presented higher
calcium and oxygen peaks than the resin-based sealers. The
result of the present study was in accordance with the lit-
erature [1, 12]. The bioactivity and biocompatibility of root
canal sealers are enhanced by the release of calcium ions.
It has been shown in previous studies that the main compo-
nents of AH Plus BC sealer, tricalcium silicate and a radi-
opacifier agent (zirconium oxides), are biocompatible [51].
Our EDX results confirmed that AH Plus BC contains 25.33
wt% of calcium and 43.12 wt% of zirconium. In the litera-
ture, endodontic sealers with ZrO2 as the radiopacifier have
not presented unfavorable biological properties [52, 53].
The pH of root canal sealers affects their antimicro-
bial properties, osteogenic potential, and biocompatibil-
ity [54, 55]. The pH of all the tested root canal sealers
showed alkaline properties throughout the experimen-
tal period. However, AH Plus BC and TotalFill BC had
higher pH levels than AH Plus and AH Plus Jet sealers in

@ Springer

all experimental periods, in line with their high calcium
content [54-56]. The higher pH value of AH Plus BC
and TotalFill BC may be attributed to their being more
biocompatible, i.e., having more cell viability, than AH
Plus and AH Plus Jet sealers [54, 55].

Dissolution of a root canal can affect the results of endo-
dontic treatment by creating voids within the root canal fill-
ing [55-57]. All tested root canal sealers showed less than
3% resolution according to ISO standards [20]. No dissolu-
tion was detected in AH Plus, AH Plus Jet, and AH Plus
BC sealers, and only a minimal amount of solubility was
observed in the TotalFill BC group. However, the differences
between the HCS-based sealer groups were not statistically
significant, and this result was in accordance with the litera-
ture which reported similar solubility values between HCS-
based sealer groups [11].

Radiopacity is a required property of endodontic seal-
ers for their perception on radiographs [58]. In this study,
all sealers met ISO standards and showed a radiopacity
value above the specified minimum 3 mm Al radiopacity
[20]. The radiopacity of AH Plus BC, AH Plus Jet, AH
Plus, and Total Fill BC was descending, respectively. AH
Plus BC sealer presented the highest radiopacity value,
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whereas there were no statistical differences between AH
Plus Jet and AH Plus sealers. Our findings were in accord-
ance with previous reports that showed that AH Plus was
significantly more radiopaque than Endosequence BC [1,
55]. The energy-dispersive X-ray spectroscopic analysis
confirmed these results. AH Plus BC sealer had higher
percentage of zirconium and a trace amount of tungsten as
radiopacifiers in comparison to AH Plus Jet and AH Plus
sealer, whereas TotalFill BC only contained a low percent-
age of zirconium. Zirconium oxide has been proposed as
an alternative radiopacifier to limit the content of heavy
metals and substitute bismuth oxide in calcium silicate-
based materials [59, 60]. The higher radiopacity value of
AH Plus BC, AH Plus, and AH Plus Jet may be related to
the higher zirconium and additional tungsten components
of the sealers and the lower radiopacity value of the Total-
Fill BC may be related to only zirconium ingredient as a
radiopacifier element. The higher zirconium component
of the AH Plus BC than TotalFill BC was in accordance
with the literature [11, 12] and was confirmed by our EDX
analysis.

In conclusion, in this in vitro laboratory study, resin-
based sealer groups showed higher cytotoxicity values than
the calcium silicate-based bioceramic sealer groups in both
direct contact and extraction tests. Furthermore, the newly
produced AH Plus BC sealer showed high radiopacity, high
pH and low solubility values. Thus, this new calcium sili-
cate- based bioceramic sealer can be proposed for clinical
practice due to its similar properties with TotalFill BC, and
better biological properties than AH Plus and AH Plus Jet.
However, long-term clinical studies are needed to evaluate
the effects of this newly produced sealer on the treatment
outcome.
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