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Abstract Objective The interest in bioceramicmaterials has been steadily growing for different
applications in endodontics. With the continued introduction of new bioceramic-based
materials into the market, it is of great importance to assess the biocompatibility
before providing recommendations on their clinical use. This study evaluated the in
vitro cytotoxicity and mineralization potential of two consistencies of unset premixed
bioceramic material (TotalFill BC RRM putty and TotalFill BC sealer) compared with an
epoxy resin-based sealer (AH Plus) on osteoblast cells.
Materials and Methods Overall, 100% extracts were obtained by weighing 0.1 g of
each material in 1mL of cell culture media. Primary human osteoblast (HOB) cells
(n¼4) were treated with different concentrations (100, 50, 25, 12.50, and 6.25%) of
each extract. XTT assay and Alizarin Red S staining were used to evaluate the cytotoxic
effect and the biomineralization potential, respectively.
Statistical Analysis Data were analyzed by one-way analysis of variance followed by
Tukey’s post hoc tests.
Results The cytotoxicity assay after 24 h treatment showed that all materials at high
concentrations of the extract (100 and 50%) were toxic to HOB (p<0.001). On the
contrary to TotalFill BC RRM Putty, AH Plus and TotalFill BC sealer were toxic at 25%
concentration. However, at 12.5% concentration and lower, all materials were nontox-
ic. The mineralization potential analyzed after 7 and 14 days showed that TotalFill BC
material–treated cells could deposit mineralized nodules in the normal and osteogenic
medium unlike AH plus-treated cells.
Conclusion At low concentrations, TotalFill BC materials showed higher biocompati-
bility to HOB cells than AH Plus, enhanced the viability of the cells, maintained their
typical morphology, and induced the formation of mineralized nodules. Despite the
encouraging data, clinical trials are needed to identify the effect of this material on the
long-term outcome of endodontic treatment.
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Introduction

Despite gutta-percha being the core and primary obturating
material in root canal treatment, sealers are still being used
to fill the gaps between the core material and the root canal
walls and to lubricate the space during the obturation
procedure. This helps achieve a three-dimensional fluid-
tight seal, thus preventing leakage and bacterial growth.
All while being biocompatible to vital structures andwithout
impairing healing at the periapical tissue surrounding the
tooth being treated.1–3 Schroder introduced AH26 sealer as a
root canal filling material. AH26 mainly contains bismuth
oxide and hexamethylenetetramine as powder and bisphe-
nol A diglycidyl ether as a resin.4 The other formulation of
AH26 and the most used one is called AH Plus (Dentsply
DeTrey, Konstanz, Germany) which is composed of epoxy
paste, such as diepoxy; calcium tungstate; zirconium oxide;
aerosol; and dye amine paste such as 1-adamantane amine,
N’dibenzyl-5 oxanonandiamine-1,9, TCD-diamine, calcium
tungstate, zirconium oxide, aerosol, and silicone oil.5 The AH
Plus allows a better mix, has more radiopacity, shorter
setting time, lower solubility, better flow, and, more impor-
tantly, does not release formaldehyde on setting.6 It also does
not require the use of dentin adhesive.7 Currently, AH Plus is
the most studied sealer over the past 20 years and is
considered a gold standard compared with newer types of
sealers. Despite the several advantages offered by AH plus, a
recent review of the literature has reported that most of the
studies agree on the cytotoxic effect of AH Plus, especially in
freshly mixed conditions.8

Tricalcium silicate materials, also known as bioceramic
cement, are viewed as essential bioactive materials in differ-
ent fields of dentistry. The primary applications of these
materials in endodontics are vital pulp therapies, perforation
repair, and root-endfilling.9Anovel categoryof sealers based
on tricalcium silicate technology has been developed. De-
spite their higher cost, they are gaining much attention from
researchers and clinicians alike, driven by their assumed
biocompatibility, ability to deposit apatite-like crystals, and
ease of use.10 Despite the notion that tricalcium silicate-
based sealers display better biocompatibility than resin-
based sealers, there is a lack of consensus in the literature
regarding this matter.11–14 The different results seen in the

literature are attributed to several factors, such as the
condition and time of material setting, sealer concentration,
and exposure time.8 In the past 15 years, quite a few
companies have stepped up to the plate and produced their
tricalcium silicate-based materials for root canal treatment
application purposes. Thus, combined with the increased
demand, there is a continued need to adequately evaluate
these products before their introduction into the market for
clinical use.15,16 A well-known and probably the current
dominant representative of the new generation of biocer-
amic materials is EndoSequence BC (Brasseler, Savannah,
Georgia, United States) that has found its way into the
European dental market as TotalFill BC (FKG Dentaire, La
Chaux-de-Fonds, Switzerland)17which is composed of zirco-
nium oxide, calcium silicates, calcium phosphatemonobasic,
calcium hydroxide, filler, and thickening agents.5

Several factors can negatively impact the outcome of root
canal treatment, and one of them is sealer extrusion in its
fresh or unset condition into the periapical tissues.18,19 Thus,
the purpose of this study was to evaluate the in vitro
cytotoxicity and mineralization potential of two consisten-
cies of unset premixed bioceramic material (TotalFill BC)
compared with an epoxy resin-based sealer (AH Plus) on
human osteoblast (HOB) cells. The null hypotheses tested
were no differences in the cytotoxicity and mineralization
potential within the tested materials or the used dilutions.

Materials and Methods

The test materials, product names, manufacturers, and com-
position are listed in ►Table 1. The materials were handled
according to the manufacturers’ instructions. The tested
materials were mixed in DMEM/F-12-cell culture media
(Gibco; Thermo Fisher Scientific, Inc., Waltham, Massachu-
setts, United States) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin (Sigma-Aldrich,
St. Louis, Missouri, United States) in such a way to obtain a
concentration of 0.1 g/mL following the International Orga-
nization for Standardization (ISO) 10933–12 standards. The
100% extract was obtained by weighing 0.1 g of the test
samples in 1mL of the culture medium and then incubated
for 24 at 37°C in a humidified atmosphere of 5% CO2. All the
extracts were filtered using a 0.22-µm syringe filter before

Table 1 Manufacturers and chemical compositions of tested materials

Material Components Lot number Ingredients

AH Plus (Detrey Dentsply,
Konstanz, Germany)

Paste A

Paste B

1903001256

1903001255

Epoxy resin, calcium tungstate, zirconium oxide,
aerosol, iron oxide
adamantane amine, N,N-dibenzoyl-5-oxanonane-di-
amine-1,9, TCD-diamine, calcium tungstate, zirconium
oxide, silicone oil, aerosil

TotalFill BC RRM Putty (FKG
Dentaire SA, Switzerland)

Putty jar 1902BPP Zirconium oxide, calcium silicates, calcium phosphate
monobasic, calcium hydroxide, filler and thickening
agents

TotalFill BC Sealer (FKG
Dentaire SA, Switzerland)

Preloaded
syringe

19003SP Zirconium oxide, calcium silicates, calcium phosphate
monobasic, calcium hydroxide, filler and thickening
agents
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treating the cells. Different concentrations of the extract of
the test samples were prepared, 100, 50, 25, 12.50, and 6.25%
for treating HOB cells.

Human Osteoblast Cell Line Culture
HOB cells were obtained from AddexBio (AddexBio
P0004010, San Diego, California, United States) and main-
tained in DMEM/F-12 culture medium supplemented with
10% fetal bovine serum and 1% penicillin-streptomycin (Sig-
ma-Aldrich). The cells weremaintained at 37°C in 95%O2 and
5% CO2 humidified atmosphere.

Cell Viability Assay of Osteoblast
An XTT (Cell Proliferation Kit II [XTT], Sigma-Aldrich, St.
Louis, Missouri, United States) assay was performed to
assess the toxic effect of different bioceramic sealers on
the viability of HOB cells. The test on extract method was
followed as per the ISO standards. Briefly, HOB cells were
seeded onto 96-well cell culture-treated plates at a density
of 104 cells/well (n¼4) in a final volume of 100 μL of
complete DMEM/F-12 culture medium. The cells were
kept in the incubator for 24 h to get a monolayer culture.
After 24 h, the cell culture medium was replaced with
extract medium (100, 50, 25, 12.50, and 6.25%) before the
cytotoxicity evaluation was performed. Untreated cells
were used as controls. After an incubation time of 24 h,
50 μL of the XTT labeling mixture was added to each well
following the manufacturers’ instructions and was kept for
4 h. The concentration of orange soluble formazan product
formed was measured using plate reader (Synergy H1
microplate reader, Biotek Instruments, United States) at
450 and 630nm wavelengths. Four replicates of each con-
centration were performed in each test. All assays were
repeated three times to ensure reproducibility. Cell viability
was calculated as the percentage of the control group. Data
were analyzed by one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc tests. The level of significance
was set at 0.05. GraphPad Prism version 5.03 software

(GraphPad Software, Inc., San Diego, California, United
States) was used for statistical analyses in this study.

Calcium Mineral Deposition by Alizarin Red S Assay
For analyzing the mineralization ability of the different
bioceramic sealers, HOB cells at a density of 50,000/well
(n¼4) were seeded onto six-well plates and maintained in
DMEM/F-12 media (NM). On confluency, the media was
changed to osteogenic media (OM) (10−8 M dexamethasone,
10 mM beta glycerophosphate, and 50 µg/mL ascorbic acid).
The extract of the test materials (25, 12.5, and 6.25%) were
added to HOB cells and were cultured for 14 days in either
osteogenic or normal media. Media change was performed
once in 3 days. After 7 and 14 days, the plates were taken and
fixed using 4% paraformaldehyde for 20min at room tem-
perature. Subsequently, the plates were washed with dis-
tilled water and stained with 40mM Alizarin Red S solution
(Sigma-Aldrich; pH¼4.1) for 20 to 30mins at room temper-
ature and the stained calcium deposits were captured using
light inverted microscope (Olympus IX53, Olympus Corpo-
ration, Tokyo, Japan).

Results

Cell Viability Assay
The effects on osteoblast cells after 24 h exposure to extracts
of AH Plus and TotalFill BC RRM Putty and BC Sealer are
presented in ►Fig. 1. At high concentrations (100 and 50%),
all tested materials were toxic on the used cells (p<0.0001).
TotalFill BC Sealer and AH Plus were toxic at even 25%
concentration of the extract as they demonstrated cell
viability of around 50% when compared with 100% cell
viability exhibited by TotalFill BC RRM Putty (p<0.001). At
12.5% concentration and lower, all materials were found to
be non-toxic; however, a significant increase in cell viability
was demonstrated by TotaFill BC RRM Putty and BC Sealer
when comparedwith AH Plus (p<0.05). BetweenTotalFill BC
RRM Putty and BC Sealer, the latter showed a significant

Fig. 1 (A) Human osteoblast cells viability after 24 h exposure to different concentrations (100, 50, 25, 12.5, or 6.25%) of extracts of the tested
materials: AH plus, TotalFill BC RRM Putty, and TotalFill BC Sealer. Cell viability was determined by using XTT assay and cell viability was calculated
as the percentage of the control group. (B) The statistical significance between the tested groups. Data were analyzed using one-way analysis of
variance (ANOVA).
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increase in cell viability at 12.5% of extract concentration
(p<0.001). When 6.25% of the extract concentration was
used, TotalFill BC RRM Putty and BC sealer showed a signifi-
cant increase in cell viability when compared with AH Plus
(p<0.001). However, the difference between TotaFill BC
Sealer and BC RRM Putty was non-significant (p>0.05)

The morphology of the HOB cells (►Fig. 2) cultured with
100, 50, or 25% of the extract concentrations of AH Plus
showed a rounded morphology compared with the normal
fibroblastic appearance of the control HOB cells. At 12.5% or
lower concentrations of the extract, the cells exhibited the
regular fibroblastic morphology as that of the control HOB
cells. For the TotalFill BC RRM Putty and BC Sealer groups at
100 and 50% of the extract, the morphology of the cells was
disrupted, and the surfacewas coveredwithwhat looked like
cellular debris. However, for the TotaFill BC RRM Putty group
as confirmed with the viability results mentioned above, the
cytotoxicity effect diminished at 25% or lower of the extract
concentration, and the cells retained their typical morphol-
ogy. For the TotalFill BC Sealer group, 25% concentration
resulted in a rounded morphology and wide intercellular
spaces, while 12.5 and 6.25% concentrations maintained the
normal morphology of the cells.

Effect of Sealers on Osteoblast Mineralization
To determine the potential role of the tested materials in
mineralization, alizarin Red S staining was performed. The
cells were grown in thematerials’ extracts in either a normal
cell culture medium or in a medium supplemented with
osteogenic factors. The 25 and 12.5% extracts of TotaFill BC
RRM Putty and BC Sealer promoted biomineralization even
in the normal cell culture medium. The cells treated with
TotaFill BC RRM Putty and BC Sealer extract cultured in the
normal medium at 7 and 14 days showedmineral deposition
which appeared orange-red after Alizarin Red S staining

(►Figs. 3 and 4). More mineralized nodules in the normal
medium could be observed on day 14 comparedwith day 7 in
TotaFill BC RRM Putty and BC Sealer treated cells. In the
normal medium, neither AH Plus-treated cells nor the con-
trol cells showed signs of mineralization.

Cells treated with TotalFill BC RRM Putty and BC Sealer
extracts in the osteogenic medium exhibited mineralized
nodules at 7 and 14 days (►Figs. 5 and 6). At day 7 in the
osteogenicmedium, orangish-red precipitate could bemain-
ly seen in TotalFill BC RRM Putty-treated cells (25 and 12.5%)
and control cells. However, no deposits were seen on AH Plus
and TotalFill BC Sealer extract–treated cell cultures at day 7 in
the osteogenicmedium. At day 14 in the osteogenicmedium,
increased mineralized nodules deposition could be seen on
TotalFill BC RRM Putty– (25 and 12.5%) and BC Sealer (25%)–
treated cells. The control cells showed mineral deposition
which could be visualized as orange-red coloration. AH plus-
treated cells did not show signs ofmineralization at day 14 in
the osteogenic medium.

Discussion

Sealer is still considered a crucial material for use in root
canal treatment. The choice of an endodontic sealer should
consider its biocompatibility on osteoblast cells due to the
potential of extrusion of the sealer in its unset condition into
the periapical tissue. Furthermore, it is crucial to sufficiently
evaluate new materials that found their way into the dental
market before recommending their clinical use. TotalFill BC,
with its two different consistencies, is becoming a popular
material and is being recommended for several applications
in endodontics. This study evaluated the effects of different
dilutions of TotalFill BC materials and AH Plus sealer on the
viability and mineralization potential of human osteoblasts.
The present study results have shown that under unset

Fig. 2 Representative phase-contrast microscopy images of the morphologic changes of human osteoblast cells after 24 h exposure to different
concentrations (100, 50, 25, 12.5, or 6.25%) of extracts of the tested materials: AH plus, TotalFill BC RRM Putty, and TotalFill BC Sealer.
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conditions, the type of material and its dilution significantly
affected the viability,mineralization potential, andmorphol-
ogy of human osteoblast cells. These results require the
rejection of the null hypotheses.

AH plus has a long trackof clinical use, and it is extensively
studied in the literature. The present study results are
consistent with previous findings where AH Plus was
reported to be cytotoxic in its fresh condition even at low
dilutions, and its effect is concentration dependent.13 There
are several speculations on the factors that make AH plus
toxic to vital tissues when freshly prepared. First, despite the
claim that AH Plus is formaldehyde free, it still releases

formaldehyde in minimal concentrations.20,21 Formalde-
hyde is considered a by-product of the reaction of epoxy
resin with the amines.22Ho et al reported that formaldehyde
has remarkable toxicity on periapical tissues, and even at low
concentrations, it can quickly reach a toxic level to human
osteoblast cells. Glutathione depletionwithin the cells is one
of the primarymechanisms bywhich this toxic volatile agent
negatively impacts the viability of osteoblast cells.23 Cohen
et al reported that the literature is not clear whether a single
or multiple substances are accountable for the toxicity of AH
Plus. However, other components are implicated in the
toxicity in addition to formaldehyde, namely, amines and

Fig. 3 The mineralization of human osteoblast cells treated with different concentrations of the extracts for 7 days in normal medium. The
orange-colored calcium deposits stained by Alizarin Red S dye is visible in cells treated with TotalFill BC RRM Putty and BC sealer (25 and 12.5%).
AH plus treated cells and the control cells did not show signs of mineralized deposits.

Fig. 4 The mineralization of human osteoblast cells treated with different concentrations of the extracts for 14 days in normal medium. The
orange-colored calcium deposits stained by Alizarin Red S dye is clearly visible in cells treated with TotalFill BC RRM Putty and BC sealer (25 and
12.5%). AH plus treated cells and the control cells did not show signs of mineralized deposits.
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epoxy resin.22,24 The latter is considered the mutagenic part
of paste A of AH plus.25 The involvement of several com-
pounds in the toxicity might explain the comparable cellular
toxicities of AH Plus to its predecessor AH 26.22,25 Osteoblast
cells are necessary for the healing of the periapical tissue;
thus, it is crucial to assess the effect of sealers on the
mineralization ability of these cells. In our study, cells treated
with AH Plus showed a lack of formation of mineralized
nodules at all exposure times in conventional culture medi-
um and osteogenic medium. Similar to previous findings,26

the osteoblast cells in the present study lost their polygonal
appearance and became retracted and spherical which are
signs of cellular degeneration. This can be explained by the
effect of AH Plus in initiating a moderate to a severe reaction
that results in a significant inflammatory response and bone
resorption27 and its adverse effect on the alkaline phospha-
tase activity activity of osteoblast cells28,29 which is a
reflection of the mineralization ability of the cells.30 Indeed,
AH Plus is known to release negligible amounts of calcium
ions that are needed for the mineralization process of the

Fig. 5 The mineralization of human osteoblast cells treated with different concentrations of the extracts for 7 days in osteogenic medium. The
orange colored calcium deposits stained by Alizarin Red S is visible in cells treated with TotalFill BC RRM Putty (12.5%), TotalFill BC RRM Putty
(25%), and TotalFill BC Sealer (25%), in a descending order. Control cells showed signs of mineralization; however, AH plus cells lacked the
presence of mineralized nodules.

Fig. 6 The mineralization of human osteoblast cells treated with different concentrations of the extracts for 14 days in osteogenic medium. The
orange colored calcium deposits stained by Alizarin Red S is visible in cells treated with TotalFill BC Sealer (25%), TotalFill BC RRM Putty (12.5%),
TotalFill BC RRM Putty (25%), in a descending order. Control cells showed signs of mineralization; however, AH plus cells lacked the presence of
mineralized nodules.
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cells.31 Overall, these reactions to AH Plus were deemed to
have a significant role in the progression of periapical bone
destruction.28

In the TotalFill BC groups, the higher concentrations had
a negative impact on cells’ viability. The exact mechanism of
this type of material that causes cell damage is not clear.
However, the high alkaline nature of the unset material
might have contributed to the observed lower cell viabili-
ty.32 TotalFill BC material, also known as Endosequence BC,
has been reported to release a significant amount of hy-
droxyl ions which elevate the pH of the environment.33

Despite the beneficial effect of high pH for an enhanced
antimicrobial effect of the material, it may also damage the
DNA and denaturing proteins of other types of cells.34

However, at lower concentrations, TotalFill BC exhibited a
positive impact on the viability of the cells. The cells also
retained their normal spindle-like morphology and pro-
duced mineralized nodules at both media at certain con-
centrations of the extracts. TotalFill BC material contains a
considerable amount of calcium silicate which gives rise to
calcium hydroxide on hydration, further dissociating into
calcium ions in higher amounts than other bioactive mate-
rials.33 Not only are calcium ions essential for the differen-
tiation of the osteoblast cells, but they are also salient for
the proper mineralization process and generation of calci-
um nodules.13,35 The high amounts of calcium released by
this material are speculated to promote periapical heal-
ing.33 The presence of zirconium oxide in TotalFill BC
material might also contribute to a favorable outcome
compared with other types of oxides such as barium
oxide.36,37 In the present study, the slight differences in
the results between TotalFill BC RRM Putty and BC Sealer
are probably attributed to different solubilities, as the sealer
is made in a less-viscous consistency; however, both share
the same composition.38 With the expanding demand for
bioceramic materials in different applications in endodon-
tics, especially as a key obturating material,39 further
research in the form of clinical trials is warranted to
understand their effects on the outcome of treatment at
their desired applications.

Conclusion

The limitations of this study include but are not limited to the
use of in vitro experimental conditions which contribute to
only limited answers to more complex problems. Within
these limitations, TotalFill BC materials had a concentration-
dependent effect on the viability of human osteoblast cells.

At low concentrations, TotalFill BC materials showed
higher biocompatibility to human osteoblast cells than AH
Plus, enhanced the viability of the cells, maintained their
typical morphology, and induced the formation of mineral-
ized nodules. While these findings are of interest, their
clinical relevance remains to be determined.
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