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Ochoa-Rodriguez VM. Propriedades fisico-quimicas e bioldgicas do Biodentine associado a
radiopacificadores [dissertacdo de mestrado]. Araraquara: Faculdade de Odontologia da
UNESP; 2018.

RESUMO

Biodentine™ (BD) apresenta bioatividade, biocompatibilidade e propriedades fisico-quimicas
adequadas; no entanto, ndo possui radiopacidade adequada. Os objetivos foram avaliar (1) a
radiopacidade de BD e BD associado com 15% de tungstato de calcio (BDCaWOQ4) ou 60xido
de zirconio (BDZrOz), empregando sistemas de radiografia convencional e digital; e (2) as
propriedades fisico-quimicas de tempo de presa, pH e solubilidade, e as propriedades
bioldgicas de citocompatibilidade e potencial para induzir mineralizacdo desses cimentos.
Para a avaliacdo da radiopacidade, cada corpo de prova foi radiografado ao lado de uma
escada de aluminio usando filme oclusal, placa de fosforo ou sensores digitais. As
radiografias convencionais foram digitalizadas por camera fotogréafica ou scanner. Os valores
médios de cinza dos materiais foram expressos em milimetros de aluminio (mm Al). A
solubilidade foi avaliada apos 7 dias de imersdo dos espécimes em agua destilada e expressa
em percentagem de perda de massa. O tempo de presa foi avaliado empregando a agulha de
Gillmore (105 + 0,5 g) e 0 pH foi mensurado com um medidor de pH. A citocompatibilidade
e a bioatividade celular foram avaliadas em células de linhagem osteoblastica (Saos-2)
utilizando os ensaios de metiltetrazélio (MTT), vermelho neutro (NR), atividade de fosfatase
alcalina (ALP) e coloragdo de vermelho de alizarina. Os dados foram avaliados utilizando
ANOVA de um fator e pos-teste Tukey ou ANOVA de dois fatores e pds-teste de Bonferroni
(0=0,05). A radiopacidade do BD foi inferior a 3 mm Al e do BDZrO, e BDCaWO4 foi acima
de 3 mm Al em todos os sistemas de radiografia utilizados. A solubilidade foi de 2,28% para
BD, 2,27% para BDZrO> (p>0,05) e 3,63% para BDCaWO4 (p<0,05). O tempo de presa foi de
27,5 min para BD, 33,5 minutos para BD ZrO; e 30 minutos para BDCaWOs. Os ensaios
MTT e NR revelaram que os extratos de cimentos, nas diluicdes 1: 2, 1: 4, 1: 8 e 1:12,
apresentaram citocompatibilidade maior (p<0,05) ou similar (p>0,05) ao grupo controle (meio
de cultura). A atividade de ALP nos grupos dos cimentos foi semelhante (p>0,05) ou maior
(p<0,05) que o grupo controle aos 1, 3 e 7 dias. Aos 7 dias, a maior atividade de ALP foi
detectada para o grupo BD seguido de BDZrO; (p<0,05) e do BDCaWOs (p<0,05). Néo
houve diferenca significativa entre BDCaWOs e grupo controle (p>0,05). Todos os materiais
induziram maior producdo de nddulos mineralizados que grupo controle (p<0,05) sem
diferenga significativa entre eles. Em concluséo, a radiopacidade de BD foi inferior a 3 mm de
Al em todos os sistemas radiograficos, e a adicdo de 15% de ZrO, ou CaWOs foi suficiente
para aumentar a radiopacidade de BD para valores maiores que 0 minimo recomendado pelo
ISO 6876 (>3mm Al). BD associado a radiopacificadores mostrou propriedades adequadas do
tempo de presa, pH e solubilidade, exceto BDCaWOs, que apresentou maior solubilidade que
BD e BDZrO,. Todos os cimentos apresentaram citocompatibilidade e potencial de induzir
mineralizacdo em células Saos-2. Os resultados sugerem que a adi¢do de 15% de ZrO» pode
ser uma boa opg¢éo para aumentar a radiopacidade do BD sem alterar suas propriedades fisico-
quimicas e bioldgicas.

Palavras-chave: Cimentos dentarios. Endodontia. Teste de materiais.



Ochoa-Rodriguez VM. Physicochemical and biological properties of Biodentine associated
with radiopacifiers [dissertacdo de mestrado]. Araraquara: Faculdade de Odontologia da
UNESP; 2018.

ABSTRACT

Biodentine™ (BD) presents bioactivity, biocompatibility and suitable physicochemical
properties; however, it does not have adequate radiopacity. The objectives were to evaluate
(1) the radiopacity of BD and BD associated with 15% calcium tungstate (BDCaWOs) or
zirconium oxide (BDZrO.), employing conventional and digital radiography systems; and (2)
the physicochemical properties of setting time, pH and solubility, and biological properties of
cytocompatibility and potential to induce mineralization of these cements. For radiopacity
evaluation, each cement specimen was radiographed alongside an aluminum step-wedge using
occlusal film, photostimulable phosphor plates or digital sensors. The conventional
radiographies were digitized by digital photographic camera or scanner. Mean grey values of
materials were expressed in millimeters of aluminum (mm Al). Solubility was evaluated after
7 days of specimens’ immersion in distilled water and expressed as percentage of mass loss.
Setting time was evaluated employing a Gillmore needle (105 + 0.5 g) and pH was evaluated
with pH meter. The cytocompatibility and cell bioactivity were evaluated in osteoblasts-like
cells (Saos-2) using methyl-thiazol-tetrazolium (MTT), neutral red (NR), alkaline phosphatase
(ALP) activity and alizarin red staining assays. The data were evaluated using one-way
ANOVA and Tukey post-test or two-way ANOVA and Bonferroni post-test (¢=0.05). BD
radiopacity was below 3 mm Al and BDZrO, and BDCaWO4 was above 3 mm Al in all
radiography systems used. Solubility was 2.28% for BD, 2.27% for BDZrO2 (p>0.05) and
3.63% for BDCaWO;4 (p<0.05). All cements showed alkaline pH with no statistical difference
between them (p>0.05). The setting time was 27.5 min. for BD, 33.5 min. for BDZrO; and 30
min. for BDCaWOQO4. MTT and NR assays revealed that cements extract at dilutions of 1:2,
1:4, 1:8 and 1:12 had greater (p<0.05) or similar (p>0.05) cytocompatibility in comparison to
control group (culture medium). The ALP activity of cements groups at 1, 3 and 7 days was
similar (p>0.05) or greater (p<0.05) than the control group. At 7 days, the highest ALP
activity was detected for BD group followed by BDZrO: (p<0.05) and BDCaWQs group
(p<0.05). There was no significant difference between BDCaWOQOs and control group
(p>0.05). All materials induced greater production of mineralized nodules than control group
(p<0.05) without significant difference among them. In conclusion, BD radiopacity was
below 3 mm Al in all radiography systems, and addition of 15% ZrO, or CaWOs was
sufficient to increase the radiopacity of BD to values greater than the minimum recommended
by 1ISO 6876 (> 3mm Al). BD associated with radiopacifiers showed suitable properties of
setting time, pH and solubility, except BDCaWOa, which exhibit a higher solubility than BD
and BDZrO,. All cements had cytocompatibility and potential to induce mineralization in
Saos-2 cells. The results suggest that the addition of 15% ZrO, may be a good option to
increase the radiopacity of BD without altering its physicochemical and biological properties.

Key words: Dental cements. Endodontics. Materials testing.
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1 INTRODUCTION

MTA is mainly composed of Portland cement (PC) and contains 53.1% of tricalcium
silicate, 22.5% of dicalcium silicate, 21.6% of bismuth oxide (Bi-O3) as radiopacifier and
traces of calcium sulfate (Torabinejad, White®”, 1998; Camilleri et al. 6, 2005; Camilleri?,
2007; Camilleri'®, 2008). It is considered the gold standard material for diverse treatments in
endodontics, such as root perforation, root-end filling, among others (Hwang et al.*6, 2011;
Torabinejad et al.%, 2018), due to its sealing capability, biocompatibility and ability to induce
mineralization (Parirokh, Torabinejad®, 2010; Tanomaru-Filho et al.2%, 2017; Rodrigues et
al.”®, 2017). However, MTA is difficult to manipulate and insert into cavities (Parirokh,
Torabinejad®®, 2010), low compressive strength (Parirokh, Torabinejad®, 2010), has a long
setting time (Parirokh, Torabinejad®, 2010; Tanomaru-Filho et al. 8, 2012) and causes tooth
discoloration (Belobrov, Parashos®, 2011; Akbari et al.}, 2012; Felman, Parashos %, 2013;
Kang et al.>!, 2015) derived from the chemical reaction between the collagen in the dentin
matrix and Bi.Os (Marciano et al.>®, 2014). There is evidence that Bi,O3z causes structural
damages capable of compromising the longevity of the material, increasing the porosity
degree, and consequently reducing the compressive strength (Coomaraswamy et al.?’, 2007).

Tricalcium silicate, the principal active component in MTA (Camilleri'®, 2005), has
been used with or without additives as bone cement (Huan, Chang*, 2008; Zhao et al.¥’,
2008), posterior restorative material (Laurent et al.>®, 2008) and reparative dental material
(Wang et al.%, 2008; Camilleri et al. ¥, 2013). It has shown suitable physicochemical
properties (Wang et al. ®3, 2008; Huan, Chang*?, 2008), bioactivity and biocompatibility (Peng
et al.®% 2011; Camilleri et al.t’, 2013; Tanomaru-Filho et al.83, 2017), besides promoting
odontoblastic differentiation of human dental pulp cells (Peng et al.®®, 2011). The hydration of
the tricalcium silicate after chemical reaction with tissue fluids forms hydrated calcium
silicate gel and calcium hydroxide, thus, being the tricalcium silicate phase responsible for the
bioactivity of this material (Camilleri®, 2011; Khalil et al.>*, 2016). Dental materials based on
tricalcium silicate have been developed. These materials are synthesized in the laboratory
from high purity raw materials unlike the Portland cement in MTA. One such formulation is
Biodentine™ — BD (Septodont, Saint-Maurdes-Fossés, France) which was developed for use
as a bioactive dentin substitute and has been indicated for coronal and radicular restorations,
pulp capping, pulpotomy, root and furcation perforations, apexification, root resorption and as
root-end filling (Rajasekharan et al.”®, 2014). BD is composed of a powder and liquid system.

The powder contains 80% tricalcium silicate (main component), 15% calcium carbonate
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(filler material), 5% zirconium oxide (radiopacifier), dicalcium silicate (traces), calcium oxide
(traces), iron oxide (traces). The mixing liquid is an aqueous solution of a hydrosoluble
polymer (water reducing agent) with calcium chloride, which decreases the setting time of the
cement (Septodont)’®. Studies show that this cement has biocompatibility (Fonseca et al.*,
2016), bioactivity (Grech et al.%, 2013), with better handling conditions (Butt et al.'*, 2014)
and lower setting time in relation to MTA (Kaup et al.>, 2015).

The biological properties of BD have been studied, showing positives responses. BD
presents cytocompatibility (Chang et al.?*, 2014; Daltoe et al.>° 2016; Rodrigues et al.”*, 2017)
and in vitro potential to induce mineralization (Gomes- Cornélio et al.*’, 2017) higher than
MTA (Collado-Gonzalez et al.?>, 2017; Rodrigues et al.”, 2017). In vivo, BD promotes
formation of collagenous capsules when implanted in the subcutaneous tissue of rats (Fonseca
et al.*®, 2016) and induces the formation of mineralized tissue when used as pulp-capping
material in human and dog teeth (Nowicka et al.%®, 2013; De Rossi et al.3!, 2014; Cuadros-
Fernandez et al.?8, 2016) or when used for the sealing of furcation perforations (Silva et al.®,
2017).

The physicochemical properties of BD have benefit in relation to MTA. The initial
setting time ranges from 9 minutes (Septodont)’® to 16 minutes (Lucas et al.>®, 2017) and the
final setting time from 35 minutes (Lucas et al.%8, 2017) to 85.6 minutes (Kaup et al.*3, 2015),
which is lower than MTA (Parirokh et al.%”, 2018). The polycarboxylate-based hydrosoluble
polymers in the liquid of BD acts as water reducing agent and allows low water/powder ratio.
As a result, BD has lower porosity and, consequently, higher compressive strength than MTA
(Camilleri et al.'”, 2013; Lucas et al.°®, 2017). BD presents alkaline pH similar to MTA
(Lucas et al.’8, 2017). This pH is derived from the hydration reaction of tricalcium silicate
which forms calcium hydroxide and calcium silicate hydrate gel (Camilleri et al.}’, 2013;
Khalil et al.>*, 2016).

Despite of the good properties, some in vitro studies, using conventional film (Lucas
et al.®®, 2017) or photostimulable phosphor plates (Tanalp et al.®2, 2013), have shown that BD
presents lower radiopacity than that recommended by the International Standards
Organization (ISO 6876)*. According to 1SO standard, the endodontic sealers must have a
radiopacity equivalent to not less than 3 mm Al (ISO 6876)*. Moreover, researchers, who
have used BD as a retrograde obturation material in human teeth, have reported that low
radiopacity is the primary clinical limitation of BD, which makes radiographic assessment of
treatment and follow-up difficult (Bachoo et al.5, 2013; Caron et al.??, 2014). Considering the

appropriate properties of tricalcium silicate-based cements associated with zirconium oxide
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(ZrO,) and calcium tungstate - CaWOQ4 (Cutajar et al.?®, 2011; Gomes-Cornélio et al.®, 2011;
Hungaro Duarte et al.**, 2012; Camilleri et al.}’, 2013; Bosso-Martelo et al.**, 2015; Silva et
al.”®, 2017), an option to improve BD's radiopacity is to associate it with these radiopacifiers.

CaWOs4 has being used as an alternative radiopacifier to Bi>Os for calcium silicate-
based cements (Marciano et al.%°, 2016). Studies have reported that CaWO, associated with
Portland cement, promotes alkaline pH (Hungaro-Duarte et al.**, (2012), decreases the
solubility, increases the compressive strength, does not affect the final setting time
(Tanomaru-Filho et al.?® 2012) and is not cytotoxic for periodontal and osteoblast-like cells
(Gomes-Cornélio et al.%, 2011). CawOs, associated with calcium silicate-based cement,
presents bioactivity (Bosso-Martelo et al.'t, 2015) and maintains physicochemical properties
similar to MTA (Bosso-Martelo et al.'?, 2016).

ZrO2 was initially introduced as a biomaterial for use in joint implants in orthopedic
surgery. In restorative dentistry, ZrO> is used to replace the metal framework in crown and
bridges and as radiopacifier in glass ionomer cements (McCabe et al.%%, 2003). It is commonly
used in combination with tricalcium silicate cements for endodontic use (Viapiana et al.®?,
2014; Tanomaru et al.2, 2017) including BD. ZrO does not participates in the hydration
process of Portland cement thus being inert when compared to Bi>Os (Camilleri et al.'4, 2011;
Camilleri et al.”, 2013). The association of Portland cement with 30% ZrO, resulted in a
material with physicochemical properties comparable to those of MTA (Cutajar et al.?°,
2011). ZrO- in association with white Portland cement induced lower inflammatory reaction
than Bi,Os (Silva et al.”® 2014), fibroblast proliferation and accelerated the regression of the
inflammatory reaction when compared to MTA (Silva et al.”®, 2017) in subcutaneous rat
tissue.

Radiopacity of endodontic materials should be sufficient to allow distinction from
dentin or cortical bone (American National Standard/American Dental Association -
ANSI/ADA). For quantifying the radiopacity of endodontic materials, specimens should be
prepared in standard discs and radiographed along with an aluminum (Al) step-wedge
reference with at least 98% pure, using type D or E occlusal films (ISO 6876)*. Values in
terms of Al equivalent thickness minimize the influence of exposure time and film
development time (Rasimick et al’*., 2007; Akcay et al.?, 2012). 1SO standard recommend
that radiopacity must be evaluated in conventional radiographic films using an optical
densitometer (ISO 6876)*. However, nowadays, the radiopacity of dental materials has been
performed using digital images obtained by indirect (Akcay et al.?, 2012; Siboni et al.”’, 2017)
or direct technique (Baksi et al.®, 2007; Akcay et al.?, 2012; Khalil et al.>*, 2016, Versiani et
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al.%°, 2016). In the indirect technique, the conventional radiographic image is converted into
digital sign using radiographic scanner (Tanomaru-Filho et al.8, 2007; Akcay et al.2, 2012;
Siboni et al.””, 2017) or digital photographic camera (Hlngaro Duarte et al.*3, 2009; Candeiro
et al.?!, 2012; Wang et al.®*, 2014). In the direct technique, digital radiography is obtained
using digital sensors or photostimulable phosphor plates (Baksi et al.”, 2008; Akcay et al.?,
2012; Grech et al.*?, 2013; Khalil et al.>*, 2016, Versiani et al.?°, 2016).

Although several studies have assessed the radiopacity of endodontic materials by
using digital systems (Rasimick et al.”*, 2007; Baksi et al.’, 2008; Akcay et al.?, 2012; Grech
et al.®°, 2013, Camilleri et al.}’, 2013; Khalil et al.>*, 2016, Versiani et al.*°, 2016), there is no
consensus on how digital radiography influences the radiopacity of materials. Rasimick et
al.”* (2007) reported that barium-containing materials tended to be 13% more radiopaque in
radiographs obtained by digital sensor than on the conventional film type. On the other hand,
other endodontic materials appeared less radiopaque on digital radiography, ranging from 7%
to 20% difference between conventional and digital radiography obtained by photostimulable
phosphor plates (Baksi et al.”, 2008). Therefore, it is important to evaluate the radiopacity of
BD and BD associated with radiopacifiers using conventional and digital radiography
systems. In addition, it is important to evaluate the effect of the addition of the radiopacifiers
on the physicochemical and biological properties of BD.
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2 OBJETIVES

The aim of this study was to evaluate (1) the radiopacity of BD and BD associated
with CaWOs or ZrO> using conventional and digital radiography systems, and (2) the physico-
chemical properties of setting time, pH and solubility, and biological properties of
cytocompatibility and potential to induce mineralization of these cements. The null hypothesis
was that there is no difference in the radiopacity values of BD using conventional or digital
radiography systems, and that CaWOs or ZrO associated with BD would not change its
radiopacity, biological and physicochemical properties.
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3 MATERIAL AND METHODS

The materials evaluated were BD and BD associated with radiopacifiers ZrOz or
CaWOyg, in proportion of 85% BD and 15% ZrO; (BD ZrO.) or 15% CaWO4 (BD CaWOs) by
weight. The composition, manufacturer, and powder/liquid proportion used for materials are
shown in Table 1. To mix the cements, six drops of liquid were placed in the capsule with
powder. The set was ground for 30 seconds using a mixing device (SDI Ultramat 2,

Bayswater, Victoria, Australia) as instructed by the manufacturer.

Table 1 - Materials, composition, manufacturer and proportion used

Material Manufacturer Powder-liquid
proportion
Biodentine™ (BD) Powder: tricalcium  silicate  (main 0.82 g/ 6 drops

component), calcium carbonate  (filler
material), zirconium oxide (radiopacifier),
dicalcium  silicate  (traces),  calcium
oxide(traces), iron oxide(traces) (Sepdodont,
Saint-Maur-des-Fossés, France)

Liquid: aqueous solution of a hydrosoluble
polymer (water reducing agent) with
calcium chloride (decreases the setting time)
(Sepdodont, Saint-Maur-des-Fossés, France)

BD (85%) +
zirconium oxide (15%b)
(BD Zr0,)

Powder: BD (Sepdodont); zirconium oxide 0.79BD +0.12g
(Sigma-Aldrich, Co., St. Louis, Missouri, ZrO / 6 drops
United States)

Liquid: solution BD (Sepdodont)

BD (85%) + calcium
tungstate (15%b)
(BD CaWOy)

Powder: BD (Sepdodont); calcium tungstate 0.7g9BD +0.12g
(Sigma-Aldrich) CaWO./ 6 drops

Liquid: solution of BD (Sepdodont)

Source: Author



17

Physicochemical properties

Radiopacity

Five specimens measuring 10 mm in diameter by 1 mm thickness were made for each
tested material, according to I1SO 6876 specification. The specimens were stored at 37 °C
and 95% humidity for 24 hours and, subsequently, they were radiographed using conventional
or digital radiography systems.
- Conventional radiography

The specimens were placed on occlusal radiographic E-speed films (Insight — Kodak
Co., Rochester, NY, USA) along with an aluminum step-wedge, with an 8-step wedge with 2
mm incremental steps, for radiographic exposure. The standard geometric configuration was
fixed at 320 mm source-to-object distance and zero degrees vertical and horizontal
angulations of the X-ray beam. A GE-1000 X-ray unit (General Electric, Milwaukee, WI,
USA), operating at 65 kVp and 7 mA using an exposure time of 0.25 seconds was used
(Ackay et al.2, 2012). The radiographic films were digitalized with a scanner (Ackay et al.?,
2012) or with a digital photographic camera (Hlngaro Duarte et al.*®, 2009). Scanner
(Microtek ScanMaker 1800, Hsinchu City, Taiwan) with 300 DPI resolution and Microtek
Scan Wizard 5 (Microtek) software were used. The digital photographic camera (Canon EOS
T1, Tokyo, Japan) with macro lens of 100 mm was used with the following parameters: lens-
to-object distance of 58 cm, 1SO 200, aperture of 6.3 shutter and speed of 1/40 s.
-Digital radiography

Each specimen along with an aluminum step-wedge with 8 steps of 2 mm increment
each, were placed on digital sensors CMOS Fona (CDR Elite, Fona, Germany), CMOS Kodak
(rvg 6100, Kodak Co., Rochester, NY, USA) or on photostimulable phosphor plates (Digora,
Soredex, Nahkelantie, Tuusula, Finland) for radiographic exposure. The standard geometric
configuration was fixed at 320 mm source-to-object distance and zero degrees vertical and
horizontal angulations of the X-ray beam. A GE-1000 X-ray unit (General Electric), operating
at 65 kVp and 7 mA using an exposure time of 0.16 seconds was used (Ackay et al.2, 2012).

The images obtained by means of all radiography systems were evaluated using the
software Photoshop CC 2015 for Windows (Adobe Systems Incorporated, Mountain View,
California, USA), by measuring the grayscale to determine the equivalence of radiopacity of
the cements in millimeters of aluminum (mm Al), using the mathematical formula of
Hungaro-Duarte et al.* (2009).
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pH analysis

For pH analysis, polyethylene tubes measuring 10 mm long and 1 mm in diameter
were filled with each material (n=10). Each tube was immersed in 10 mL of deionized water
and maintained at 37 °C, throughout the experimental time intervals of 1, 3, 10, 20 and 30
days. At each time interval, the tubes were removed from the flasks and conditioned in a new
flask with 10 mL of deionized water. At each time interval, the pH of the solution
wasmeasured with a previously calibrated digital pH meter (Ultrabasic; Denver Instrument
Company, Arvada, Colorado, USA) in a room temperature of 25 ° C. As control group, the pH

of deionized water without immersed material was measured.

Setting time

The cements were inserted into ring-shaped metal molds measuring 10 mm in
diameter and 1 mm thickness (n=6) and were kept at 37 °C and 95% humidity. To determine
the setting time, the Gillmore needle technique with 100g weight and 2mm diameter was used
according to 1SO 6876 specification. The setting time of each cement was established by
calculating the averaged time elapsed from time manipulation until the Gillmore needle no

longer caused indentations marks on the surface of the specimens.

Solubility

The solubility assay was performed according to the methodology of Carvalho-Junior
et al.® (2007) methodology modified. Cements were prepared and then, and placed in a
silicone mold, measuring 7.75 mm in diameter and 1.5 mm thickness (n=6). A 5-cm nylon
thread was placed in the center of the specimens when the material was placed into the mold.
The specimens were maintained at 37 °C and 95% humidity for 3 times the length of their
setting time. Right after, the specimens were removed from the mold, weighed on a precision
balance HM-200 (A & D Engineering, Inc., Bradford, MA, EUA and suspended from the lid
by means of nylon wires, inside plastic flasks, containing 7.5 mL of deionized water. The
flasks were maintained at 37 °C for seven days. Then, the specimens were removed, rinsed
and placed in a silica dehumidifier. The mass was measured every 24 hours after the
experiment, until the mass stabilized, in a silica desiccator. The material solubility was
expressed as mass loss of the original mass and expressed as the percentage for each

specimen.
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Cytocompatibility and potential to induce mineralization

Cell culture and preparation of cements extracts

Saos-2 cells (ATCC HTB-85) were cultured in flaks containing Dulbecco’s modified
eagle medium (DMEM; Sigma-Aldrich, St. Louis, MO, USA), supplemented with 10% foetal
bovine serum (FBS, Gibco, Life Technologies, Grand Island, NY, USA), penicillin (100
IU/mL), streptomycin (100 pg/mL) in an atmosphere consisting of 5% CO 2, 95% humidity
at 37 °C.

The cements were proportioned according to table 1. After manipulation, 0.7 g of each
material was placed in empty wells of a 12-well culture plates (314.0 mm? area and 3.0 mm
height) and hydrated with humidified gauze. The plates were kept at 37 °C and 95% humidity
for 48 hours. After this time, the cements were exposed to ultraviolet light (UV) under
laminar flow for 30 minutes to prevent contamination (Katara et al.>?, 2008). Five mL of
serum-free DMEM were added in each well of the plates in which the material was
accommodated and maintained. For 24 h, the plate was maintained at 37 °C, 95% humidity
and 5% CO 2 to create the extract of each cement (ISO 10993-5)*. DMEM was used as
negative control and 20% dimethyl sulfoxide (DMSO) as positive control. (Margunato et al.5?,
2015).

Cell viability assays

Cell viability were assessed by methyl-thiazol-tetrazolium (MTT) and neutral red
(NR) assays. Saos-2 cells were seeded at a density of 1x10° cells/mL in a 96-well plate
containing DMEM with FBS 10% for 24 hours to adhere to the plates. After that, the cells
were exposed to the cement extracts at 1:1, 1:2, 1:4, 1:8 and 1:12 dilutions (v:v) in serum-free
DMEM for 24 h (Tanomaru-Filho et al.®3, 2017; Andolfatto et al.%, 2017).

MTT assay was performed by replacing the cement extracts with 100 puL of a 5
mg/mL MTT solution (Sigma-Aldrich) followed by incubation at 37°C, 95% humidity and
5% CO- for 3h. The well content was removed, and the colorimetric product was solubilized
in 100 pL of acidified isopropanol 0.04 N (Sigma-Aldrich). The optical densities of the
solutions were measured in a spectrophotometer (EIx800; Bio-Tek Instruments, Winooski,
VT, USA) at 570 nm.

NR assay (Repetto et al.’?, 2008) was performed by replacing the cement extracts
with100 uL DMEM containing 50pug NR/mL (Sigma-Aldrich). The cells were incubated at 37
°C, 95% humidity and 5% CO. for 3h, the well content was removed to proceed with
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solubilization of the colorimetric product in 100 pL of an ethanol solution mixture (50%
ethanol and 1% acetic acid, Sigma-Aldrich). The optical densities of the solutions were
measured in a spectrophotometer (EIx800) at 570 nm. Three independent experiments were

performed for both assays.

Alkaline phosphatase (ALP) activity

Alkaline phosphatase (ALP) activity was evaluated by using a commercial kit
(Labtest; Lagoa Santa, MG, Brazil). Saos-2 (1 x 10° cells/mL) were cultivated in a 96-well
plate for 24 hours to adhere to the plates and were exposed to the cement extracts at 1:8
dilution for one, three and seven days. The cement extracts were renewed every two days.
After each experimental period, the cells were washed with 200 uL of phosphate buffered
saline solution (PBS) and 200 pL of a sodium lauryl sulfate solution (1% in distilled water,
Sigma-Aldrich) were added to each well. Then the samples were rested for 30 minutes at
room temperature. Each sample (5uL) in lauryl sulfate solution was transferred to a microtube
(Eppendorf, Hamburg, Germany) containing substrate and the enzyme buffer. Absorbance
was measured in a spectrophotometer at 590 nm. Data were expressed as ALP activity
normalized with the number of viable cells detected in the MTT assay in the respective
culture period (Westgard et al.*°, 1981).

Alizarin red staining (ARS)

Saos-2 cells were cultivated (1 x 10% cells/mL) in 12-well culture plates using DMEM
supplemented with 50 pg/mL L-ascorbic acid (Sigma-Aldrich) and 10 mM 8
glycerophosphate (Sigma-Aldrich). The cells were exposed to the cement extracts at 1:8
dilution for 21 days. The cement extracts were renewed every two days. Afterwards cells
were washed with PBS, fixed with 10% paraformaldehyde (Sigma) and stained with 2% ARS
(pH 4.1). The plate was incubated in room temperature for 20 minutes, the dye was aspirated,
the wells were washed 4 times with 1 mL of distilled water/ well for 5 minutes. The plates
were left angled for 2 minutes to facilitate the removal of excess of water. Then, the
mineralization was quantified by dissolution of the nodules with 1 mL of 10% solution of
cetylpyridinium chloride (Sigma/Aldrich) was added to each well and the plate was incubated
for 15 minutes, under shaking at room temperature. Three aliquots of 100 pL of the
resuspension of each well were transferred to a 96-well plate and the reading was performed
in a spectrometer with 562 nm wavelength filter (EIx800; Bio-Tek Instruments, Winooski,

VT, USA). Three independent experiments were performed.
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Statistical analysis

The results were analyzed using one-way analysis of variance (ANOVA) and Tukey
post-test or two-way ANOVA and Bonferroni post-test. (o = 0.05), by using of the statistical
program GraphPad Prism (GraphPad Software Inc. San Diego, CA, USA).
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4 RESULTS
Physicochemical properties
Radiopacity

In all digital and convectional radiography systems used, the BD radiopacity did not
amount to 3 mm All, as specified by 1SO 6876. BD associated with radiopacifiers ZrOz or
CaWOs4 had radiopacity higher than 3 mm Al shown in all radiographic systems. (Table 2).
The radiopacity of the materials obtained with the use of a Kodak digital sensor was higher

than the values obtained by means of the other systems (p < 0.05).

Table 2 - Mean and standard deviation of the materials radiopacity (mm Al) evaluated by
digital or convectional radiography systems and compliance to ISO 6876

BD BD ZrO: BD CaWOs4
Neerls it 2.52 (0.09) 4.20 (0.32) 4.26 (0.42)
sensor
Fona digital sensor 2.17 (0.02) 3.81 (0.15) 3.52 (0.39)
Photostimulable
ohosphor plates 2.39 (0.38) 3.70 (0.08) 3.55 (0.40)
Oclusal film
ceanned 2.21 (0.04) 3.59 (0.23) 3.88 (0.25)
ST il 2.08 (0.06) 370 0.22) 3.58 (0.28)
photographed ' : ‘ ' ' '
ISO 6876 >3

Source: Author

pH

According to Table 3, the deionized water containing the materials had alkaline pH in
all periods. Differences between groups were not found (p > 0.05), except control group
(deionized water) that had significantly lower pH values than other groups in all time intervals
(p <0.05).

Table 3 - Mean and standard deviation of pH values of the materials and control in the
evaluation periods

BD BD ZrO2 BD CaWOq Control
1 day 11.21 (0.47)2 11.28 (0.34)2 11.21 (0.35)? 6.53 (0.14)°
3 days 9.91 (0.72)? 9.63 (1.08)? 9.48 (0.97)2 6.69 (0.19)°
10 days 9.53 (1.44)? 9.42 (1.32)? 9.48 (1.24)? 6.69 (0.27)°
20 days 9.83 (0.98)? 9.06 (1.05)? 9.71 (0.95)2 6.92 (0.43)°
30 days 8.92 (1.37)? 8.95(1.02)? 9.75(1.11)® 6.72 (0.18)°
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Different letters in the lines indicate statistically significant differences between cements (p < 0.05).
Source: Author

Solubility and setting time

According to Table 4, there was no significant difference between BD and BD ZrO: (p
> 0.05) and both displayed lower than 3% mass lost, and showed no sign of disintegration.
BD CaWO4 showed higher mass lost (3.63%) in relation the other materials (p < 0.05), and no
sign of disintegration. BD had the lower setting time than other materials (p <0 .05). The
addition of CaWO4 and ZrO; to the BD increased the setting time by 2.5 and 6minutes,
respectively (p < 0.05).

Table 4 -Mean and standard deviation of solubility (% of mass lost) and initial setting time
(in minutes) of the materials

Solubility Initial setting time
BD 2.28 (0.26)% 27,50 (0.57)?
BD ZrO:2 2.27 (0.22)% 33.50 (1.73)"
BD CaWOa 3.63 (0.67)° 30.00 (0.81)°
Different letters in the columns indicate statistically significant differences between cements

(p < 0.05).
Source: Author

Cytocompatibility and potential to induce mineralization

Cell viability assays

MTT and NR assays revealed that at 1:1 dilution all material groups had lower cell
viability values when compared with culture medium - negative control (p > 0.05). At 1:2,
1:4, 1:8 and 1:12 dilutions, the cytocompatibility of the materials was greater than (p < 0.05)
or similar (p > 0.05) to negative control. In all dilutions, there was no significant difference
among BD, BD CaWO4 and BD ZrO, (p > 0.05), except for the 1: 4 dilution in which BD
ZrO; presented the highest cytocompatibility, in the MTT test. In the positive control group
(DMSO) there was low cell viability (Figure 1a and 1b). Considering the results of MTT, the
1:8 dilution was chosen for the ALP activity and ARS assays.
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Figure 1 - Saos-2 cell viability evaluated by (a) methyl-thiazol-tetrazolium (MTT) and (b) neutral red
(NR) assays. after 24 hours of exposure to BD, BD ZrO, and BD CaOW, and controls
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At 1:2, 1:4, 1:8 and 1:12 dilutions, the cytocompatibility of cements was greater than or similar to that of the
negative control. Bars with different letters represent significant difference between groups in each dilution. BD,
Biodentine; BD ZrO2, BD with addition of 15% zirconium oxide; BD CaWO4, BD with addition of 15%
calcium tungstate; NC, negative control; PC, positive control

Source: Author
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ALP activity

According to Figure 2a, Saos-2 cells exposed to cements extracts had viability similar
(p > 0.05) or greater (p < 0.05) than the control group at 1, 3 and 7 days. The lowest cell
viability was detected on the first day of cell exposure to the cement extracts, increasing over
the periods of 3 and 7 days. At 7 days, At 7 days, Groups BD ZrO2 and BD CawWO4 showed
higher cell viability values than BD and control group (p < 0.05), whereas there was no
significant difference between BD and control group (p > 0.05). The ALP activity (Figure 2b)
of cements groups at 1, 3 and 7 days was similar (p > 0.05) or greater (p< 0.05) than that of
the control group. At 7 days, the highest ALP activity was detected for BD followed by
BD ZrO: (p < 0.05) and BD CaWO4 group (p < 0.05). There was no significant difference
between BD CaWO4 and control group (p > 0.05).
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Figure 2 - Saos-2 cell viability evaluated by methyl-thiazol-tetrazolium (MTT) assay (a) and alkaline
phosphatase (ALP) activity (b) evaluated after exposure to BD, BD ZrO, and BD CaOW, at 1:8
dilution and DMEM (negative control) for 1, 3 and 7 days
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The ALP activity of cement groups at 1, 3 and 7 days was similar to or greater than that of the control group. At
7 days, the highest ALP activity was detected for Group BD followed by Groups BD ZrO2 and BD CawWO4.
There was no significant difference between Group BD CaWO4 and control group. Bars with different letters
represent significant differences between groups in each period. BD, Biodentine; BD ZrO2, BD with addition of
15% zirconium oxide; BD CawWO4, BD with addition of 15% calcium tungstate; NC, negative control.

Source: Author
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Alizarin red staining

As observed in the Figure 3, all materials induced a greater production of mineralized
nodules when compared to the negative control group (p < 0.05) after 21 days of cell
exposure to cement extracts. There was no significant difference among the cements groups
(p >0.05)

Figure 3 - Alizarin red staining (ARS) assay. Comparison of mineralized nodules production after 21 days of
cell exposure to BD, BD ZrO; and BD CaOW, extracts and negative control group
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All cements induced a greater mineralized nodules production when compared to the negative control group.
Bars with different letters represent significant differences between groups. BD, Biodentine; BD ZrO2, BD with
addition of 15% zirconium oxide; BD CawWO4, BD with addition of 15% calcium tungstate; NC, negative
control.

Source: Author
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5 DISCUSSION

The first aim of this study was to evaluate the radiopacity of BD and BD associated
with 15% CaWO4 or ZrO2. For the manipulation of BD and BD associated with
radiopacifiers we used 6 drops of liquid, instead of 5 as indicated by the manufacturer,
because we added 0.12 grams of radiopacifier to the 0.7 grams contained in a capsule of BD.
To standardize the quantity of powder contained in each capsule, we used a total of 0.82
grams for BD also. The radiopacity was evaluated using conventional radiography and
different digital radiography systems, because according to literature, the radiopacity of
materials may vary between 7% a 20% depending on the radiography systems used (Baksi et
al.”, 2008). In the present study, depending on the X-ray system employed, BD showed
radiopacity ranging between 2,08 to 2,52 mm Al, which is smaller than 3 mm Al
recommended by 1SO 6876, This meant that 5% of ZrO; present in BD is not sufficient to
provide an adequate radiopacity. The radiopacity of BD measured in the present study was in
agreement with the values showed in previous studies, that showed radiopacity of 2.79 mm Al
using digitized conventional radiography (Lucas et al.®, 2017) and 2.80 mm Al employing
photostimulable phosphor plates (Tanalp et al.8?2, 2013). Conversely, studies using
photostimulable phosphor plates showed radiopacity of BD around 4 mm Al (Camilleri et
al.}”, 2013; Grech et al.*°, 2013). The differences could be due diverse factors as X-ray
machine, exposure time, tube voltage and source to object distance (Lucas et al.>8, 2017).

BD ZrO, and BD CaWOg4 had radiopacity between 3.52 e 4.26 mm Al, showing that
addition of the radiopacifiers in proportion of 15%, resulting in approximately 20% in weight,
was sufficient to increase the radiopacity of BD to values higher than the minimum
recommended by ISO (ISO 6876)*8. The amount of radiopacifier added to the BD was based
on studies which showed that tricalcium silicate associated with 20% ZrO or Portland cement
with 20% ZrO; or CaWO4 exhibited radiopacity greater than 3 mm Al, in addition to adequate
physicochemical properties and cytocompatibility (Bortoluzzi et al.?, 2009; Hungaro-Duarte
et al.*4, 2012; Gomes-Cornelio et al.®, 2011; Camilleri et al.'?, 2013).

The second objective of this study was to evaluate the physicochemical properties of
setting time, pH and solubility, and biological properties of cytocompatibility and potential
for induction of mineralization of BD and BD CaWO4 or BD ZrO,. An alkaline medium
enhances the mineralization activity of human dental pulp cells (Okabe et al.®*, 2006) and also
contribute to osteogenic potential, biocompatibility and antibacterial activity of material
(Zhou et al.%, 2013). The addition of radiopacifiers did not change the pH of BD CaWO; or
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BD ZrO; when compared with BD; all cements had alkaline pH in all time intervals. Alkaline
pH of BD has been shown in the literature (Khan et al.>®, 2012; Grech et al.3%, 2013; Lucas et
al.%8, 2017) and it results from the hydration reaction of tricalcium silicate, which forms
calcium hydroxide that dissociates liberating Ca*? and (OH), thereby, alkalinizing the
medium (Camilleri et al.’, 2013; Khalil et al.>*, 2016).

Materials that exhibit high solubility may provide inadequate sealing and the presence
of voids in the filling. The confection of specimens to evaluate solubility followed the
methodology of Carvalho-Junior et al.?> who showed that smaller specimens than the size
recommended by 1SO 6876 do not affect the accuracy of the methodology. ISO 6876
establishes that solubility cannot be greater than 3% of total mass after 24 hours of immersion
of specimens in water. In the present study, BD showed mass loss of 2.28 % after being
immersed in water for 7 days. This result is in line with findings of a previous study, that
showed BD mass loss of 2.74%, 2.74% and 2.90% at 24 hours, 3 and 10 days of immersion in
water, respectively (Singh et al.®!, 2015). Opposite to our results, some researchers reported
solubility of BD higher than 3% evaluated in periods between 24 hours to 7 days of
immersion in water (Kaup et al.>3, 2015; Torres et al.2°, 2017). The addition of ZrO, did not
change the solubility of BD, and the addition of CaWOs increased the solubility to 3.63%.
Studies have shown that solubility of tricalcium silicate-based cement was not altered by the
addition of ZrO2 or CawO4 (Hungaro Duarte et al.**, 2012; Marciano et al.%°, 2016).

The setting time of root canal sealers should be long enough to allow the manipulation
and placement in the root canal system (Collares et al.?%, 2013). On the other hand, cements
with long setting time were more susceptible to dissolution (Bosso-Martelo et al.'?, 2016).
The initial setting time of BD in the present study was 27.5 minutes. Previous studies have
shown initial setting time of 9 minutes (Septodont)’® 16 minutes (Lucas et al.%8 2017) or
85.66 minutes (Kaup et al.>®, 2015) for BD. The initial setting time of BD CawO4 and BD
ZrO2 were 30 minutes and 33.5 minutes respectively, which represent an increase of setting
time in relation to the BD of 2.5 minutes for BD CaWO4 and 6 minutes for BD ZrO,. It is
important to inform that BD associated with radiopacifiers presented a better consistency and
greater ease of handling in relation to BD.

Considering the relevance of osteoblast response for mineralized tissue repair, human
osteoblast-like cells (Saos-2) were used in the present study (Gomes-Cornélio et al.3’, 2017;
Tanomaru-Filho et al.83, 2017). Simultaneous evaluation of different cell parameters is
necessary to provide reliable information about the cytotoxicity of materials (Scelza et al.”,

2012). MTT is a colorimetric test for assessing cell metabolic activity; it is based on succinate
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dehydrogenase mitochondrial enzyme activity, which converts the yellow tetrazolium salt into
insoluble formazan crystals that are violet colored. The absorbance of solubilized formazan
crystals is proportional to the amount of living cells (ISO 10993-5)*’. NR is a cell viability
assay that is based on the incorporation of NR dye into the lysosome’s membranes. Thus, the
loss of NR uptake corresponds to loss of cell viability (Repetto et al.”?, 2008).

According to MTT and NR results, all cements evaluated were cytocompatible. The
cytocompatibility of BD has been showed in human dental pulp cells (Chang et al.?*, 2014),
osteoblast-like cells (Jung et al.>®, 2015; Gomes-Cornélio et al.>’, 2017; Rodrigues et al.”,
2017) and immortalized murine pulp cells (Zanini et al.?®, 2012). The addition of
radiopacifiers ZrO, and CaWO4 did not prejudice the cytocompatibility of BD. A direct
comparison of the present results was not possible due to lack of studies evaluating the
cytocompatibility of BD associated radiopacifiers. However, calcium silicate-based cements
associated with these radiopacifiers have shown good biological properties. Gomes-Cornélio
et al. 3 (2011) reported that 20% CaWO4 or ZrO- in association with white Portland cement
was not cytotoxic for periodontal and osteoblast-like cells. Silva et al.” (2017) showed that
30% ZrO> in association with white Portland cement induced fibroblast proliferation and
accelerated the regression of the inflammatory reaction when compared to MTA in
subcutaneous rat tissue. ALP activity and ARS assays were performed to evaluate cell
bioactivity. ALP has a critical role in the mineralization (Golub et al.®%, 2007). After 7 days of
Saos-2 cell exposure to the cement extracts, ALP activity increased, especially for BD and
BD ZrO,, when compared to negative control group. These results are in accord with previous
studies that showed that BD presented potential to induce mineralization even higher than
MTA (Chang et al.?*, 2014; Gomes-Cornélio et al.*’, 2017; Collado-Gonzalez et al.%, 2017
Rodrigues et al.”, 2017). The association of 30% ZrO, with calcium silicate-based cement
induced suitable cell bioactivity (Gomes-Cornélio et al.*”, 2017). ARS is a test used to
evaluate calcium deposits in cell culture. This test detects microcrystalline or nanocrystalline
calcium phosphate salts, apatite crystal clumps and small calcium pyrophosphate dihydrate
crystals (Paul et al.®8, 1983). In the present study all materials induced greater production of
mineralized nodules when compared to control group after 21 days of cell exposure to
cements extracts. These results are in line with studies, which revealed that BD induced
similar, or greater production of mineralized nodules than unexposed cells (Jung et al.%°,
2015; Gomes-Cornélio et al.>”, 2017). In summary, BD, BD associated to ZrO, or CaWO4 had
cytocompatibility, induced ALP activity and production of mineralized nodules, which are

necessary to promote endodontic repair.
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6 CONCLUSIONS

BD radiopacity was lower than 3 mm Al in the conventional and digital radiography
systems, and addition of 15% ZrO, or CaWO4 was sufficient to increase the radiopacity of BD
to values greater than the minimum recommended by 1SO 6876 (> 3 mm Al). BD associated
with radiopacifiers showed suitable properties of setting time, pH and solubility, except BD
CaWOg4, which exhibit higher solubility than BD and BDZrOz. All cements evaluated had
citocompatibility and potential to induce mineralization in Saos-2 cells. The results suggest
that the addition of 15% ZrO, may be a good option to increase the radiopacity of BD,
allowing its radiograph detection in clinical practice, without altering its physicochemical and

biological properties.
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