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Bioceramics

BIOCERAMICS IN ENDODONTICS
A REVIEW

ABSTRACT

Bioceramic materials, since their introduction in Endodontics
have significantly changed the prognosis of many cases which
were once considered impossible. These materials find wide
applications, as in direct pulp capping, apexification,
apexogenesis, root repair, root canal sealants, etc. They are
also widely used as retrograde filling materials and as bone
grafts to enhance bone healing. Ever since its introduction,
continuous researches have been going on in this field to
introduce better products, providing better biocompatibility
and handling properties. This review gives an overview on
some of the major Bioceramic materials used in Endodontics,
theiradvantages, properties and applications.
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INTRODUCTION

A Biomaterial is used to make devices to replace a
part or a function of the body in a safe, reliable, eco-
nomic, and physiologically acceptable manner. The
Clemson University Advisory Board for
Biomaterials has formally defined a biomaterial to
be “a systemically and pharmacologically inert sub-
stance designed for implantation within or incorpo-
ration with living systems” .

The ideal requisite of Biomaterials is that it should
be Noncarcinogenic, Bacteriostatic, should not dis-
color tooth, and promote Cementogenesis,
Osteogenesis & healing’.

The field of Biomaterial science has made giant
leaps in the last five decades, due to the extensive
research that has been going on in the field. The
emphasis was always in developing newer and more
biocompatible materials that can replace or develop
the body tissues.

Bioceramics is a diverse class of biomaterials. The
class of ceramics used for repair and replacement of
diseased and damaged parts of musculoskeletal sys-
tems are termed bioceramics’. Bioceramics in
Endodontics find wide applications as in direct pulp
capping, apexification, apexogenesis, root repair,
root canal sealants, etc. In Periapical surgeries, also
they are used as retrograde filling materials and as
bone grafts to enhance bone healing.

L. PORTLAND CEMENT:

Portland cement is a hydraulic binding material
which when mixed with water tends to harden’. It is
widely used in building industry. However it also
finds wide application in dentistry. The main interest
of its use in dentistry is as an alternative to MTA, as
it is less expensive and widely available. These two
materials show high similarity in their composition,
except for the bismuth oxide present in MTA which
confers Radiopacity.

It was in the year 1824, that Joseph Aspdin patented
this product so-called Portland cement (PC) which
was actually obtained from the calcination of the
mixture of lime stones coming from Portland in
England and silicon-argillaceous materials’.
Portland cement is used in dental procedure such as
pulpotomy, pulp capping, repair of root perforations
and root end filling. Sakai et al compared the clinical
and radiographic effectiveness of MTA and PC as
pulp dressing agents in carious primary teeth. No sta-
tistically significant difference regarding dentine
bridge formation was found between both groups
throughout the follow-up period’.

II. MINERAL TRIOXIDE AGGREGATE

Mineral Trioxide Aggregate (MTA) was introduced
in the year 1993 by Mahmoud Torabinejad. It was
later patented and marketed in the year 1995 and was
given approval for use in endodontics in 1998. MTA
is actually believed to have been derived from ordi-
nary Portland cement or in fact a modification of the
Portland cement. Modifications have been made in
designing this wonderful material, especially with
respect to particle size, setting rate, solubility and
possibly toxicity (by reducing the heavy metal con-
tent).

MTA is called as hydraulic cement, mainly because
it primarily depends on hydration reactions for its
setting reaction, compared to other cements which
depends on acid base reactions’. MTA constitutes
the following chemical composition or phases,
tricalcium silicate, dicalcium silicate, tricalcium
aluminate, tetra calcium aluminoferrite, calcium sul-
fate dehydrate, bismuth oxide, alkali metal oxides
and sulfates’. MTA is available in two forms as grey
and white MTA. Main difference in white MTA was
the elimination of alumino ferrite that is responsible
for grey color, which in fact affected the esthetic
part.

MTA find wide application in dentistry as in, Direct
pulp capping, Pulpotomy, Repair of root perfora-
tion, Retrograde root canal filling, Apexogenesis,
Apexification, Repair of root resorption and
Regenerative procedures. The high alkalinity
induced by MTA initially causes necrosis of pulp fol-
lowed by dentin deposition’. It was also found that
MTA caused reparative dentin formation in a very
short period of time compared to calcium hydroxide.
A 100% success rate was obtained in the case of
teeth with open apices when MTA was used.
Bacteriostatic action provided by calcium hydrox-
ide and MTA was also found to be the same in stud-
ies. MTA is also used widely as a retrograde filling
material due to the high biocompatibility provided
by the material. MTA gives better results when
tested for leakage and biocompatibility than IRM
and Super EBA, and has the ability of induction of
hard tissue'’. MTA has been widely used as the mate-
rial of choice in regenerative/ revascularization pro-
cedures owing to the high pH and biocompatibility
provided by the material. MTA modulates cytokine
production and encourages differentiation and
migration of hard tissue producing cells whereby
hydroxyapatite is formed on the MTA surface, and a
biologic seal is created'. Latest studies have shown
that MTA-enriched nanocomposite TiO2-polymeric




powder coatings support human mesenchymal cell
attachment and growth'’.

IT1I. CALCIUM ENRICHED MIXTURE OR
NEW ENDODONTIC CEMENT

Calcium Enriched Mixture (CEM) is a newly intro-
duced material, which is chemically similar to
Portland cement and Mineral Trioxide Aggregate.
The material was developed by Saeed Asgary.

In vitro studies conducted to compare the composi-
tions of mineral trioxide aggregates (MTAs),
Portland cements (PCs), and a new endodontic
cement (NEC) revealed that NEC differs chemically
from MTAs and PC. Phosphorous is the major com-
ponent of NEC, whereas in MTAs and PCs this ele-
ment is close to the detection limit. It was also seen
that in contrast with MTA, NEC showed surface
composition similar to surrounding dentin”, CEM
just like MTA and Portland cement is found to pro-
duce an alkaline environment with a pH ranging
from 9-11.5. Clinical uses of NEC are similar to
MTA. It has good handling characteristics and forms
an effective seal when used as root-end—filling mate-
rial. The studies conducted showed that Mineral tri-
oxide aggregate and CEM cement were associated
with a similar favorable biological response to
pulpotomy treatment and demonstrated a more
effective induction of dentinal bridge formation
compared to Calcium Hydroxide”’.

IV. BIODENTINE

Biodentin is a new bioactive calcium silicate-based
cement that has been recently launched in the dental
market as a ‘dentin substitute’. Introduced by
Septodont, this material claims to make use of a pro-
prietary ‘Active Biosilicate technology’".
Biodentin has been formulated using MTA based
cement technology and hence; claims improve-
ments of some of the properties such as physical
qualities and handling, including its other wide
range of applications like endodontic repair and
pulp capping in restorative dentistry.

The product file of Biodentine states that the powder
component of the material consists of tricalcium sili-
cate, dicalciumsilicate, calciumcarbonate and oxide
filler, iron oxide shade, and zirconium oxide.
Tricalcium silicate and dicalcium silicate are indi-
cated as main and second core materials, respec-
tively, whereas zirconium oxide serves as a
radiopacifier. The liquid contains calcium chloride
as an accelerator and a hydrosoluble polymer that
serves as a water reducing agent. The hydrosoluble
polymer reduces the viscosity of the cement and
improves handling".

Bioceramics

The setting time of the material is around 9-
12minutes, which is much faster compared to MTA
which takes around 165 minutes for initial setting.
During the setting of Biodentine, the compressive
strength increases 100 MPa in the first hour and 200
MPa at 24th hour and it continues to improve with
time over several days until reaching 300 MPa after
one month which is comparable to the compressive
strength of natural dentine i.e. 297 MPa. Relatively
easier manipulation and faster setting is the major
advantages of this material when compared to MTA.
Like MTA Biodentine find wide application in den-
tistry like direct and indirect pulp capping, as a
dentine substitute under composite, as an
endodontic repair material, retrograde root filling,
and apexification.

V. BIOAGGREGATE

BioAggregate (Verio Dental Co. Ltd., Vancouver,
Canada) is composed of nano particle sized
Tricalcium silicate, tantalum oxide, calcium phos-
phate, silicon dioxide and presents improved perfor-
mance compared with MTA. Tricalcium silicate is
the main component phase, tantalum oxide is added
as aradiopacifier and it is free of aluminum".

The manufacturers claim this material to have an
Aluminum-Free Composition so that health prob-
lems due to aluminium toxicity are avoided. It also
claims to have excellent biocompatibility with the
vital peri radicular tissue. BioAggregate mixture is
easy to manipulate and apply. The material comple-
ments the natural color of teeth and all the ingredi-
ents are pure white in color. Tantalum Pentoxide has
been substituted for Bismuth oxide (used in MTA)
that provides better radio opacity.

The cytotoxic evaluation of mineral trioxide aggre-
gate and BioAggregate were compared by placing
them in the subcutaneous connective tissue of rats
and it was found that BioAggregate had better
inflammatory and foreign body reaction than the
MTA group". Studies have shown that the material
is non toxic to osteoblasts and has the ability to
induce mineralization-associated gene expression
in osteoblasts. Presently BioAggregate is manufac-
tured by two companies Veriodental and Diadent.
The trade names are respectively IBC BioAggregate
and Dia Root BioAggregate. BioAggregate is more
biocompatible, has better sealing ability, higher frac-
ture and acidic resistance than MTA 50.

VI. BCSEALER

BC sealer is arevolutionary premixed and injectable
root canal sealer utilizing new bioceramic
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nanotechnology. The material is introduced and mar-
keted by Brassler USA.

This material claims to bond with both dentin and
the treated gutta percha (which is provided by the
manufacturer). The material claims to provide
excellent sealing through the monobloc concept by
bonding to both dentin and gutta percha'’. According
to the manufacturer the material contains Zirconium
oxide, calcium silicates, calcium phosphate
monobasic, calcium hydroxide, filler and thicken-
ing agents.

CONCLUSION

Bioceramics has evolved to become an integral and
vital segment of our modern health-care delivery sys-
tem. The beginning of the era of Bioceramics started
off with the discovery of Bioglass In 1969 by Larry
Hench. Since then the field of Bioceramics has been
undergoing constant research and refinement to pro-
vide with newer materials that exhibits better
biocompatibility and bone forming properties. The
idea was always to improve the composition,
microstructure, and molecular surface chemistry of
various types of bioceramics to match the specific
biological and metabolic requirements of tissues or
disease state. The biological activity of Bioceramics
has to be understood thoroughly through various in
vitro and in vivo studies to improve their
biocompatibility, and decrease toxicity and the
knowledge on mechanical feature will add up to
play a key role for the choice of the bioceramics in
their broad implication as implants.
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