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Abstract

Biodentine is a new class of dental material which could conciliate high mechanical properties with excellent
biocompatibility, as well as bioactive behavior. It exhibits same biological property as MTA. Micromechanical
bonding, resistance to acidic environment and resistance to microleakage makes it a better choice for its clinical
usage as dentin substitute. Its excellent biocompatibility and bioactivity allows application as pulp capping agent
and root end filling material. This paper reviews the setting reaction, physical, chemical and mechanical proper-
ties of Biodentine and its applications, advantage and disadvantages.
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Introduction

The Portland cements designed for medicine and
dentistry,also called hydraulic silicate cements’, mainly
contain tri calcium silicate (3Ca0O-SiO2; C3S), because
it is responsible for rapid setting and development of
early strength and exhibits higher reactivity than the
other calcium silicates?. Use of calcium silicate—based
materials (CSMs) in dentistry became popularized37
with the advent of mineral trioxide aggregate (MTA) in
1993 as a root-end filling material®. The antibacterial
properties of CSMs are due to the release of calcium
Hydroxide Ca(OH)?> on surface hydrolysis of the
calcium silicate components>9.

The shortcomings of MTA such as difficult handling
characteristics’, long setting time" "> high cost4, and
potential of discoloration4 led to the development of
new CSM:s such as Biodentine (Septodont, Saint Maur
des Foss es, France) and MTA Plus (Prevest-Denpro,
Jammu City, India). Biodentine is a bioactive'3 dentin
substitute composed of powder components of trical-
cium silicate, calcium carbonate, and zirconium oxide
and a water-based liquid containing calcium chloride as
the setting accelerator and water-reducing agent
(Table 1)%.

Powder

Tri-calcium Silicate (C3S)
Di-calcium Silicate (C2S)
Calcium Carbonate and Oxide
Iron Oxide

Zirconium Oxide

Main core material
Second core material
Filler

Shade

Radiopacifier

Liquid
Calcium chloride Accelerator
Hydrosoluble polymer Water reducing agent

Table 1 : Chemical composition of Biodentine

This material exhibits the same excellent biological
properties as MTA and can be placed in direct contact
with dental pulp4, although its sensitivity to abrasion
makes it a poor enamel substitute. However, Bioden-
tine may be a good candidate for a dentin substitute in
sandwich restorations™.

Setting reaction

The calcium silicate has the ability to interact with
water leading to the setting and hardening of the
cement. This is a hydration of the tricalcium silicate
(3Ca0.Si02 = C3S) which produces a hydrated calcium
silicate gel (CSH gel) and calcium hydroxide
(Ca(OH)>.

2(3Ca0.S5i02)+6H20 & 3Ca0.25i02.3H20+3Ca(OH)2
C3S CSH

The unreacted tricalcium silicate grains are surrounded by
layers of calcium silicate hydrated gel, which are relatively
impermeable to water, thereby slowing down the effects
of further reactions. The working time of Biodentine is up
to 6 minutes with a final set at around 10-12 minutes.
Biodentine has a consistency after mixing which enables
manipulation with a spatula, with an amalgam carrier or
with carriers which are used for endodontic cements in
retrograde fillings (Messing gun, MTA gun)™.

Biodentin interfaces

Electron microscopy revealed there is direct contact
without a gap between Biodentine and natural dentin. It
also indicates micromechanical adhesion. Resistance to
acidic environment was evaluated by Laurent et al.™ using
artificial saliva and they suggested that there was no
erosion but deposition of white material on the surface of
the Biodentine. SEM analysis revealed needle like crystals
with an apatitc appearance and also suggested that erosion
of Biodentine in acidic solution is limited and lower than
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other water based products. Biodentine also exhibits
resistance to microleakage both to enamel and dentin
compared to Fuji Il LC™.

In addition to the formation of apatite crystals, the
nanostructure of the calcium silicate hydrate may also
explain the good sealing qualities of the calcium silicate
cement'/.

Biocompatibility and bioactivity
Biodentine shows outstanding biocompatibility.

Studies performed on pulp fibroblasts have shown that
biodentine was non toxic like MTA™S,

Biodentine preserves pulp vitality and promotes its
healing process®. Laurent et al.'4 tested a new
Ca3SiOs5-based material to evaluate its genotoxicity,
cytotoxicity and effects on the target cells specific
functions. The study concluded that the new material is
biocompatible.

About et al." investigated Biodentine bioactivity by
studying its effects on pulp progenitor cells activation,
differentiation and dentine regeneration in human
tooth cultures. The study concluded that Biodentine is
stimulating dentine regeneration by inducing odonto-
blast differentiation from pulp progenitor cells. Laurent
et al.2° did further a study and reported that Biodentine
induces  TGF-B1 secretion from pulp cells and
induces reparative dentine synthesis.

Han and Okiji?' compared calcium and silicon uptake by
adjacent root canal dentine in the presence of
phosphate buffered saline using Biodentine and
ProRoot MTA. The results showed that both materials
formed a tag-like structure composed of the material
itself or calcium or phosphate rich crystalline deposits.

Physical chemical and mechanical prop-
erties

The mechanical resistance of calcium silicate based
materials is also dependent on their low level of poros-
ity. The lower the porosity, the higher the mechanical
strength. The superior mechanical properties of
Biodentin been attributed by the low water content in
the mixing stage.

Biodentin is an evolutive material which improves its
mechanical property with time. The compressive
strength at 1 hris 131.5 MPa and at 24hr is 241.1 MPa and
after 7 and 28 days 253.2 and 316.4 MPa respectively™.

The internal values of the flexural strength were 22
MPa, very similar to glass ionomers and modulus of
elasticity is 22.0 GPa. The microhardness for biodentin
is 60.9 HVN and for natural dentin are in the range of
60-90 HVN™.

Applications in dentistry

Boidentine has got all the indication where MTA had
been indicated. Biodentine can be used for crown and
root dentin repair treatment, repair of perforations or
resorptions, apexification and root-end fillings. The
material can also be used in class Il fillings as a tempo-

Biodentine as a New Calcium Silicate Based Cement

Volume 4, Number 4

rary enamel substitute and as permanent dentine
substitute in large carious lesions™.

Boukpessi et al. conducted study on stimulation of
reactionary dentin formation in indirect pulp dentin
formation on rats and concluded that Biodentine was
able to stimulate reactionary dentin formation which is
a natural barrier against bacterial invasions. The results
also showed that there was moderate inflammation
which disappeared after 15 days22. Shayegan A studied
pulp reaction and calcification following pulpotomy
and direct pulp capping using pig model and concluded
that it is a suitable material®3.

Advantages
® |tcan be placed in direct contact with pulp

e Itdoes not require photoactivation so can be
placedin bulk

e Easytohandle

® Short setting time

® Good marginal integrity

e Biocompatibility and bioactive

Disadvantages

e Lesswear resistance so placed under
composite restoration and hence doesn "t
withstand occlusal loading.

e Poor flexural strength.

Conclusion

Biodentine has shown similar biocompatibility as MTA
and it is also bioactive cement. Better mechanical and
physical property strongly suggests its utilization as
dentin substitute as a pulp capping material and also as
root end filling material.

References

1)  BW Darvell, R C Wu: MTA—an hydraulic silicate
cement: review update and setting reaction:
Dental Materials 2011; 27(5): 407—422.

2) CD Lawrence: Physicochemical and mechanical
properties of Portland cements: in LEA’s Chemis-
try of Cement and Concrete 1998, P. C.Hewlett,
Ed., pp. 343—420,Woburn,Mass, USA, Butter-
worth & Heinemann, 4th edition.

3) Saunders WP. A prospective clinical study of
periradicular surgery using mineral trioxide
aggregate as a root-end filling. ] Endod
2008;34:660-5.

4) Parirokh M, Torabinejad M. Mineral trioxide
aggregate: a comprehensive literature review-
part lll: clinical applications, drawbacks, and
mechanism of action. ] Endod 2010;36:400-13

5) Parirokh M, Torabinejad M. Mineral trioxide
aggregate: a comprehensive literature review-
part |: chemical, physical and antibacterial proper-
rties. ] Endod 2010;36: 16—27



Review Article

6)

7)

8)

9)

lorabinejad M, Parirokh M. Mineral trioxide
aggregate: a comprehensive literature review-

part Il: leakage and biocompatibility investigations.

J Endod 2010;36: 190—202

Baek SH, Lee WC, Setzer FC, Kim S. Periapical
bone regeneration after endodontic microsurgery
with three different root-end filling materials:
amalgam, SuperEBA, and mineral trioxide
aggregate. ] Endod 2010;36:1323-5.

Torabinejad M, Watson TF, Pitt Ford TR. Sealing
ability of a mineral trioxide aggregate when used
as aroot end filling material. ] Endod

1993/19:59175.

Camilleri ). Characterization of hydration products
of mineral trioxide aggregate. Int Endod )
2008;41:408-17.

10) Johnson BR. Considerations in the selection of a

14)

root-end filling material. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1999;87:398-404.

Torabinejad M, Hong CU, McDonald F, Pitt Ford
TR. Physical and chemical properties of a new
root-end filling material. ] Endod 1995;21:349-53.

Dammaschke T, Gerth HU, Zuchner H, Schafer E.
Chemical and physical surface and bulk material
characterization of white ProRoot MTA and two
Portland cements. Dent Mater 2005;21:731-8.

Han L, Okiji T. Uptake of calcium and silicon
released from calcium silicate-based endodontic
materials into root canal dentine. Int Endod )
2011;44:1081-7.

Laurent P, Camps ), De Meo M, Dejou J, About .
Induction of specific cell responses to a
Ca(3)SiO(5)-based posterior restorative material.
Dent Mater 2008;24: 1486—94.

Biodentine as a New Calcium Silicate Based Cement

17)

20)

21)

22)

23)

Volume 4, Number 4

Septodent Biodentine scientific file. 2010.

Koubi S,Elmerini H,Koubi G, Tassery H,Camps .
Quantitative Evaluation by Glucose Diffusion
ofMicroleakage in Aged Calcium Silicate-Based
Open-Sandwich Restorations.Int ) dentistry 2012;
doi:10.1155/2012/105863. Article ID 105863

L B Skinner, SR Chae, C) Benmore, H R Wenk,
and P ) M Monteiro. Nanostructure of calcium
silicate hydrates in cements. Physical Review
Letters 2010;104(19) Article ID 195502.

Publications and communications on biodenti-
neTM - RDg4 —Septodont 2009. November.

About |, Laurent P, Tecles O. Bioactivity of
Biodentine™ a CA3SiO5-based Dentine Substi-
tute. Oral session. IADR Congress July 2010,
Barcelona, Spain.

Laurent P, Camps ], About |. Biodentine™ induces
TGF-B1 release from human pulp cells and early
dental pulp mineralization. Int Endod ).

2010;45(5):439-48.

Han L, Okiji T. Uptake of calcium and silicon
released from calcium silicate-based endodontic
materials into root canal dentine. Int Endod ).
2011;44(12):1081-87.

Boukpessi T, Decup F, Septier D, Goldberg M,
Chaussain C. BiodentineTM- RDg4, A portland
cement, stimulates in vivo reactionary dentin
formation. 2009 IADR-CED congress in Munich,
Germany, 9-12 September.

Shayegan A, Petein M, Vanden Abbeele A.
Ca3Si0Os5, CaCO3, ZrO2 (Biodentine): a new
biomaterial used as pulp-capping agent in primary
pig teeth. 2010 Poster at IADT 16 th World
Congress Dental Traumatology, June 2010
Verona ltaly.



