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Abstract

Introduction: This study examined the effect of a new
bioactive dentin substitute material (Biodentine) on the
viability of human gingival fibroblasts. Methods: Bio-
dentine, White ProRoot mineral trioxide aggregate
(MTA), and glass ionomer cement were evaluated.
Human gingival fibroblasts were incubated for 1, 3,
and 7 days both in the extracts from immersion of set
materials in culture medium and directly on the surface
of the set materials immersed in culture medium. Fibro-
blasts cultured in Dulbecco modified Eagle mediumwere
used as a control group. Cytotoxicity was evaluated by
flow cytometry, and the adhesion of human gingival
fibroblasts to the surface of the set materials was as-
sessed by using scanning electron microscopy. The
data of cell cytotoxicity were analyzed statistically by
using a one-way analysis of variance test at a signifi-
cance level of P < .05. Results: Cells exposed to
extracts from Biodentine and MTA showed the highest
viabilities at all extract concentrations, whereas cells
exposed to glass ionomer cement extracts displayed
the lowest viabilities (P < .05). There was no significant
difference in cell viabilities between Biodentine and
MTA during the entire experimental period (P > .05).
Human gingival fibroblasts in contact with Biodentine
and MTA attached to and spread over the material
surface after an overnight culture and increased in
numbers after 3 and 7 days of culture. Conclusions:
Biodentine caused gingival fibroblast reaction similar
to that by MTA. Both materials were less cytotoxic
than glass ionomer cement. (J Endod 2013;39:478–483)
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Various materials have been used for root repair, including silver amalgam, zinc
oxide–eugenol, calcium hydroxide, composites, and glass ionomers. However,

none of them are ideal for the special conditions and requirements of root repair.
For instance, silver amalgam has concerns associated with it such as the possibility
of mercury pollution as well as poor esthetics. Resin-containing composite materials
release toxic monomers and shrink during polymerization (1). Since the introduction
of mineral trioxide aggregate (MTA) (Dentsply Tulsa Dental Specialties, Tulsa, OK) into
the field of root repair materials (2), calcium silicate–based materials have attracted
considerable attention (3–8) owing to their superior sealing ability,
biocompatibility, regenerative capabilities, and antibacterial properties (4, 6, 9–12).
Thus, they have been widely used both as endodontic repair materials and as dentin
substitutes (13). Several calcium silicate–based root repair materials have been devel-
oped and are available on the market such as ProRoot (Dentsply Tulsa Dental Special-
ties), MTA Plus (Prevest-Denpro, Jammu City, India), and Endosequence Root Repair
Material Putty and Paste (Brasseler USA, Savannah, GA). However, there are some draw-
backs associated with the use of the bioceramic cements including long setting time,
difficult manipulation, limited resistance to washout before setting, and possibility of
staining of tooth structure (4–6, 14). Therefore, new root repair materials are
continually being developed to further improve their properties.

Recently, a new calcium silicate–based material, Biodentine (Septodont, Saint-
Maur-des-Foss�es, France), was introduced. Biodentine is claimed by the manufacturer
to possess the benefits but not the drawbacks of some other bioceramic cements. Ac-
cording to the manufacturer, Biodentine contains tricalcium silicate, calcium
carbonate, and zirconium oxide, and a water-based liquid-containing calcium chloride
as the setting accelerator and a water-reducing agent (1). It is a fast-setting calcium sili-
cate–based restorative material recommended for use as a dentin substitute that can be
used both as a coronal restorationmaterial for perforation repair and as a pulp-capping
material in direct contact with the pulp (1).

Cytotoxicity of a root filling material, when used in pulp capping, perforation
repair, or as a retrograde filling, may influence the viability of periradicular cells
and cause cell death by apoptosis or necrosis (15). To promote healing and restoration
of the function of the tooth, dental materials should either stimulate repair or be bio-
logically neutral (16). Therefore, it is important to avoid dental materials that are toxic
to the pulpal and periapical tissues that might compromise the clinical outcome (17,
18). Currently, there is limited information available about the cytotoxicity of
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Biodentine to periodontal cells (1, 19–22). Therefore, the purpose of
this study was to evaluate the cytotoxicity of Biodentine to human
gingival fibroblasts in comparison with MTA and glass ionomer
cements.

Materials and Methods
Two commercially available calcium silicate–based cements, Bio-

dentine (batch #B01647) andWhite ProRoot MTA (batch #11004158),
and a glass ionomer cement (GIC) (GC Fuji IX GP, batch #1111021; GC
Corporation, Tokyo, Japan) were used in the present study.

Cell Culture
Human gingival fibroblasts were used to evaluate the biological

response of the 3 types of cement. Biocompatibility parameters
included cell viability as measured by flow cytometry and cell
morphology as studied by scanning electron microscopy (SEM).
Human gingival fibroblasts were obtained from previously established
stocks cultured from healthy patients who underwent oral surgery
(23). Fibroblasts of the seventh to eighth passage were used for the
experiments. Standard protocols were followed in establishing and
maintaining the cultures. Dulbecco modified Eagle medium (DMEM)
(Gibco, Grand Island, NY) supplemented with 100 mg/mL penicillin
G, 50 mg/mL streptomycin, 0.25 mg/mL Fungizone, and 10% fetal
bovine serum (Gibco) was used as the cell culture medium.

Preparation of Cement Elutes
Biodentine, MTA, and GIC specimens were shaped with 3-mm-

thick rubber molds with a diameter of 10 mm, according to the manu-
facturers’ instructions under aseptic conditions. Three samples of each
material were allowed to set at 37�C in 100% relative humidity for 2
days. After setting, the disks were exposed to ultraviolet light for 20
minutes on each surface to ensure sterility and transferred into 24-
well tissue culture plates containing 1 mL DMEM per well. The surface
area to volume ratio used for extract preparation was about 250 mm2/
mL in accordance with ISO standard 10993-5 (24). One milliliter of
extract was drawn from each well after incubation at 37�C and 100%
relative humidity for 24 hours. Each extract was divided into 5 aliquots
to obtain 5 parallel experimental groups. The extracts were serially
diluted 1:1 with DMEM to achieve a total of 5 concentrations of each
extract. DMEM without the materials incubated for 24 hours was
used as control.

Flow Cytometry
A quantitative flow cytometry test was performed after each day of

culture to characterize cell viability. Cells were plated at a density of
5000 cells/cm2 in a 24-well plate and incubated with or without
different concentrations of extracts diluted in DMEM for 1, 3, and 7
days. After culture for the indicated time, cells from different test groups
and controls were washed twice with phosphate-buffered saline (PBS)
(Sigma-Aldrich, St Louis, MO) and detached from the culture wells with
0.25% trypsin. The collected cells were centrifuged to discard the
supernatant and resuspended at 1 � 104 cells/mL in PBS. The cells
were stained with fluorescein calcein AM (labs/lem = 494/517 nm,
green fluorescence) and ethidium homodimer-1 (EthD-1) (labs/
lem = 528/617 nm, red fluorescence) according to the flow cytometry
protocol for a viability assay (live/dead viability/cytotoxicity kit for
mammalian cells; Molecular Probes Inc, Eugene, OR) and incubated
for 20 minutes at room temperature, while protected from light. The
stained cells were analyzed by flow cytometer (BD FACSCalibur; BD
Biosciences, Franklin Lakes, NJ) by using 488-nm excitation
and measuring green fluorescence emission for calcein and red
JOE — Volume 39, Number 4, April 2013
fluorescence emission (617 nm) for EthD-1. Single-color–stained cells
and nonstained cells were used to standardize the settings and deter-
mine background autofluorescence, respectively. The percentage
distributions of viable and dead cells were determined by FlowJo soft-
ware (Tree Star, Inc, Ashland, OR). Experiments were performed in
triplicate.

Cell Adhesion Assay
Cell adhesion on the surface of materials after culture for 1, 3, and

7 days was observed by SEM. The specimens of Biodentine, MTA, and
GIC were shaped into disks of 5 mm in diameter and 1.6 mm in thick-
ness by using rubber molds under the same conditions as the cytotox-
icity assay. Twenty-five disks of each material were prepared and
subdivided into 5 groups (A–E). Each group contained 5 parallel
samples (n = 5). To remove the toxic by-products, all disks were first
incubated at 37�C in the wells of 24-well tissue culture plates (Sarstedt,
Inc, Montreal, Canada) containing 1mL distilled water that was changed
daily for 5 days. Group A comprised disks that had been incubated in
distilled water only. In group B, 1 mL DMEM without cells was added
to each well containing a disk and incubated for 7 days. In groups
C–E, the disks were incubated in DMEM culture medium for 7 days
and then seeded with gingival fibroblasts (5 � 104 cells/well with 1
mL DMEM) for 1 day (group C), 3 days (group D), and 7 days (group
E), respectively.

Specimens for SEM examination were prefixed with phosphate-
buffered 2.5% glutaraldehyde (Sigma-Aldrich) for 30 minutes before
further fixation in 1% osmium tetroxide (OsO4) for 1 hour. The spec-
imens were subsequently rinsed in PBS and dehydrated in sequential-
graded concentrations of ethanol (50%, 70%, 80%, and 90%) for 5
minutes each and in pure ethanol (100%) for 10 minutes. The dehy-
drated specimens were dried by using a critical point dryer (Samdri-
795; Tousimis Research Corporation, Rockville, MD) and then
mounted on SEM stubs and sputter-coated with gold-palladium
(Hummer VI; Technic Inc, Anaheim, CA) under a constant current of
10 mA for 2 minutes. Finally, specimens were examined with SEM (Ster-
eoscan 260; Cambridge Instruments, Cambridge, UK) at an accelerating
voltage of 8–10 kV.

The cell viability data were analyzed statistically by using one-way
analysis of variance (SPSS for Windows 11.0; SPSS, Chicago, IL) at
a significance level of P < .05.

Results
Cytotoxicity of the Set Cements

Results of the flow cytometry assay on the cell viability of fibro-
blasts in the different concentrations of extracts derived from the set
calcium silicate–based (Biodentine and MTA) and GIC materials are
summarized in Figure 1. Cell viability depended on the type of material,
culture medium, and incubation time that the cells were exposed to.
After culturing for 1 day, cells incubated with extracts from Biodentine
and MTA showed the highest viabilities at all extract concentrations,
whereas cells exposed to GIC extracts displayed the lowest viabilities
(P < .001). After culturing for 3 days, there was no statistically signif-
icant difference in cell viabilities between Biodentine and MTA at all
concentrations, GIC at extract concentration of 1:8, and the DMEM
control (P > .05). Cell viabilities of GIC at other concentrations (undi-
luted and 1:1, 1:2, and 1:4 dilutions) were significantly lower than the
DMEM control (P < .01). After culturing for 7 days, cell viabilities of
undiluted extracts from Biodentine, MTA, and GIC were significantly
lower than the DMEM control (P < .01), but there was no significant
difference between the cell viabilities of diluted extracts fromBiodentine
and MTA (1:1, 1:2, 1:4, and 1:8 dilutions), low concentration of
In Vitro Cytotoxicity Evaluation of a Novel Root Repair Material 479



Figure 1. Representative 2-dimensional dot plots of the flow cytometry data derived from CAM and EthD-1 stained human gingival fibroblasts after exposure to
extracts from (A) Biodentine, (B) ProRoot MTA, (C) GIC Fuji IX, and (D) DMEM control for culture for 7 days. The dot plot represents the distribution of viable
(lower right), unstained cells (lower left), early apoptotic (upper right), and dead cells (upper left), respectively. (E) A histogram comparing the cell viability of
extracts with various concentrations derived from Biodentine, MTA, GIC, and DMEM control after cell culture for 1, 3, and 7 days. The results show
mean � standard deviation of 3 parallel experiments performed in triplicate.
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Figure 2. Scanning electron micrographs of the surface morphology of (A and B) Biodentine, (C and D) ProRoot MTA, and (E and F) GIC Fuji IX after immersion
in distilled water for 5 days (A, C, and E) or in DMEM culture medium (B, D, and F) for 7 days.
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extracts from GIC (1:8 dilution), and the DMEM control (P > .05). Cell
viabilities at high concentration of extracts (undiluted) were lower than
those at low concentration of extracts (1:8 dilution) for all materials
tested (P < .05). There was no significant difference in cell viability
among Biodentine, MTA, and GIC at low concentration extracts (1:8
dilution) and the DMEM control during the entire experimental period
(P > .05). There was no significant difference in cell viabilities between
Biodentine and MTA at the same extract concentration during the entire
experimental period (P > .05).

Cell Adhesion Assay
Representative surfaces of the set Biodentine, MTA, and GIC after

incubation in distilled water or DMEM culture medium are shown in
Figure 2. Biodentine showed an uneven crystalline surface structure
after incubation in water or DMEM (Fig. 2A and B, respectively),
whereas MTA showed the typical structure of calcium silicate hydrated
gel on the surface of the crystals (Fig. 2C and D). GIC displayed
a smooth, noncrystallized surface (Fig. 2E and F).

After culture for 1, 3, and 7 days on the material surfaces, fibro-
blasts exhibited different cell morphologies (Fig. 3). Gingival fibroblasts
seeded on Biodentine and MTA surfaces showed similar characteristics;
JOE — Volume 39, Number 4, April 2013
the fibroblasts attached to and spread over the material surface display-
ing the typical spindle-shaped fibroblast morphology after an overnight
culture (Fig. 3A and D). After culture for 3 days and 7 days, increased
numbers of attached cells were seen in contact with each other on the
surface of both Biodentine and MTA (Fig. 3B, C, E, and F). In the case of
GIC, only a few poorly spread fibroblasts were observed after 1-day
incubation, and some of the attached cells had a round shape
(Fig. 3G) with vacuoles and blebs on their cell surface (insert in
Fig. 3G). After both 3 days and 7 days of incubation (Fig. 3H and I),
fibroblasts showed a more spread cell morphology as compared with
the earlier time point, but the cells were only sparsely distributed
over the GIC surface and appeared to display only few cell-cell contacts.

Discussion
Materials used in endodontics should preferably be biocompat-

ible. This is particularly desirable when they are placed in direct contact
with living tissue such as in pulp capping, perforation repair, or when
used as a retrograde filling. Biodentine, a new calcium silicate–based
material, is designed to be placed in permanent and close contact
with periradicular tissue, and therefore, it is important to assess its
possible cytotoxic effects on human gingival fibroblasts. MTA, a calcium
In Vitro Cytotoxicity Evaluation of a Novel Root Repair Material 481



Figure 3. Scanning electron micrographs of the morphology of human gingival fibroblasts attached on the surface of Biodentine (A–C), ProRoot MTA (D–F), and
GIC Fuji IX (G–I) after culture in DMEM culture medium for 1 day (A, D, and G), 3 days (B, E, and F), or 7 days (C, F, and I). The inset in (G) shows a high
magnification image of a round-shaped cell.
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silicate–basedmaterial, is the gold standard bioceramic cement that has
been extensively studied and recognized as a bioactive and biocompat-
ible material. Because of their adhesiveness and release of fluoride,
glass ionomers have also gained popularity as the filling material in
the treatment of cervical resorptions. Fuji IX is a conventional GIC
that has a relatively high viscosity because of its fine grain powder
and because it contains polyacrylic acid. Fuji IX GIC sets rapidly and
is relatively resistant to early moisture, and its solubility to oral fluids
is low (25). The characteristic of a short setting time of Fuji IX GIC is
similar to Biodentine and may be an advantage in certain clinical situ-
ations such as perforation repair (26, 27). In the present study, the
biocompatibility of ProRoot MTA and Fuji IX GIC was evaluated in
comparison with Biodentine.

Several methods and strategies are available for cytotoxicity testing
of materials, each with its merits and limitations. The methyl-thiazol-
tetrazolium (MTT) colorimetric assay is widely used as a standard assay
for evaluating the cytotoxicity of new biomaterials and has been
routinely used to test dental and endodontic filling materials in cell
culture systems (28–30). However, MTT assays may underestimate
cellular damage and detect cell death only at the stage of apoptosis
when cellular metabolism is substantially reduced (14); these assays
have poor linearity with the cell number and low sensitivity to environ-
mental conditions (31, 32). To determine cell viability and cytotoxicity,
alternative approaches have recently been proposed by using
fluorescent dyes and flow cytometry (14), because this type of method
is generally faster, less expensive, safer, and more sensitive to the cyto-
toxic events than alternative methods. In the present study, a 2-color
flow cytometric cytotoxicity assay was used, which used 2 fluorescent
stains (calcein AM [CAM] and EthD-1) to label live and dead cells.
In this assay, the green fluorescent dye CAM was used to label live cells;
this dye readily enters cells and is converted to calcein by intracellular
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esterase activity of live cells producing an intense uniform green fluo-
rescence (excitation/emission 495 nm/515 nm). On the other hand,
the red fluorescent dye EthD-1 was used to label dead cells; this type
of dye enters cells with damaged membranes and binds to nucleic acids
to produce a 40-fold enhancement of bright red fluorescence in the
dead cells (excitation/emission 495 nm/635 nm). EthD-1 is excluded
by the intact plasma membrane of live cells. Flow cytometer analyzes
the stained cells with different fluorescent characteristics at a single
cell level and assesses the relative population viability at the end of
the assay (33). Similar to a previous work (14), in the present study,
the proportion of viable cells out of the total population of cells present
in the cultures was measured and statistically compared.

The degradation products and elution substances from endodontic
cements might get access to periodontal tissues in several ways (34) and
affect the healing processes, depending on their cytotoxicity. Therefore,
extracts of various concentrations derived from Biodentine, MTA, and
GIC were examined for cytotoxicity; these extracts can also simulate
the postsurgical root-end environment where toxic elements of the ret-
rofilling material leach into the surrounding fluids in the bony crypt (23,
35). A series of extracts of different concentrations were made to
observe a possible dose-response relationship (23). In the present
study, the viabilities of cells exposed to extracts derived from all the
materials tested were highly dependent on extract concentration, and
the viabilities of cells exposed to extracts from Biodentine and MTA at
low extract concentration (1:8) showed no significant difference
between each other and compared with the DMEM control.

Extracts from GIC Fuji IX caused significantly more cell death at all
extract concentrations than extracts from Biodentine, MTA, and the
DMEM control after culture for 1 day. This could probably be attributed
to small amounts of aluminum and/or iron ions present in GIC extracts
(36). It is generally assumed that leachable components of dental
JOE — Volume 39, Number 4, April 2013
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materials are contributing to adverse effects to cell cultures (37).
Several in vitro studies have shown that the cytotoxicity of conventional
GIC is lower than that of resin-modified GIC on cultured cells because
the resin-modified GIC contains toxic leachable components. In a recent
in vitro study, de Souza Costa et al (37) found that Fuji IX GP and Ke-
tacMolar were the least cytotoxic materials among the 5 tested GIC
cements.

The surface topography of biomaterials is an important factor that
determines cell interactions with the materials (38). Both Biodentine
and MTA showed crystalline, uneven surface topography, whereas
GIC surfaces appeared smooth. In general, a relatively smooth surface
topography favors cell adhesion and growth (38). Therefore, it is likely
that the poor initial spreading of fibroblasts on the GIC surfaces
compared with Biodentine or MTA was caused by leaching of
substances and/or other surface properties that adversely affect cell
interactions with the material. However, some fibroblasts eventually
spread and survived on the GIC surface after incubation for 7 days, sug-
gesting that over time, cells can overcome a low cytotoxic effect of GIC
Fuji IX.

Conclusions
Human gingival fibroblasts showed similar response to extracts

from Biodentine and MTA as measured by cytotoxicity assay and cell
growth on set materials.
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