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The use ofceramics has along historv. During the last
the way of performing endodontic treatment. Bio ceramics are ceramic materials specially designed
for its use in medicine and dentistrv. Bio ceramic are inorganic metallic bio compatible materials.
Thev are chemicallv stable. non-corrosive and interact well with oreanic tissue. Bio ceramics offers a
new treatment options for improving prognosis in many operative and endodontic procedure. Bio
ceramics are widelv used in dentistrv as restorative materials. root canal sealers. and obturation
material. for nerforation renair. retrograde filling and in reeenerative endodontics. This review deals
the propetties and uses ofbio ceramics in operative dentistry and endodontics.

200 vears. there have been manv changes in
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INTRODUCTION

Endodontic bioceramics are non-toxic substances that are not
susceptible to moisture or blood. Thus, they are not technique-
sensitive. They have acceptable dimensional stability and have
insignificant setting expansion. Thus, they have excellent
sealing ability. Afler setting, their solubility decreases.
Therefore, they can provide long-term seal and their pH at the
time of's etting is above 12 because they release hydroxyl ions
during their setting reaction. When their setting is not
completed, they have antibacterial effects and afler setting,
they are biocompatible and bioactive in nature (Trope M et al
2015). There are numerous bioceramics currently in use in
dentistry and medicine. Alumina and zirconia are bioinert
ceramics used in prosthetics. Bioactive glass and glass
ceramics are available for use in dentistry under various trade
names. In addition, porous ceramics such as calcium
phosphate-based materials have been used for filling bone
defects. Some calcium silicates (mineral trioxide aggregate
[MTA], ProRoot, MT A Root Repair, Dentsply Tulsa Dental
Special-ties) and bio aggregates (DiaRoot, Bio Aggregate,
DiaDent) have also been used in dentistry as materials for root
repair and for apical root filling.

*Corresponding author: Balpreet Kaur,
Baba Farid Univemity of Health Science, Faridkot, Punjab, India.

This review article attempts to compile and compare the
properties of various bioceramic for better clinical

understanding.

HISTORY: In the 1960s, the idea of using ceramics with
special designs for medical purposes such as restoration and
reconstruction of injured tissues was suggested (Hench LL
2006).In 1967, some types of glass and ceramics were
introduced that could bond to viable bone and named
“bioglass” (Malhotra S et al 2014). The application ofa variety
ofceramics in biomedicine has greatly expanded. In 1969 L. L.
Hench and others discovered that various kinds ofglasses and
ceramics could bond to living bone On April 26, 1988 the first
symposium on bioceramics was held in Kyoto, Japan.

Classification

Based on tissue reaction: Bioceramics are divided into three
groups:

e  Bioinert bioceramics: These bioceramics do not react
with biological systems such as alumina and zirconia,
oxide ceramics, silica ceramics, carbon fibres, Diamond
like carbon (Hench LL 2006).
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e Bioactive bioceramics: These bioceramics have a long
durability in tissues and only react with tissues at their
contact interface such as bioglass and calcium
phosphate (Hench LL 2006).

e  Biodegradablebioceramics: These bioceramics can be
dissolved and absorbed by tissues and are eventually
replaced with tissue or participate in the composition of

tissue (such as tricalcium phosphate) (Malhotra S et al
2014).

Bioceramic based sealers: Are categorized into calcium
silicate based sealers (Mineral Trioxide Aggregate (MTA)
based and non MTA based) and calcium phosphate based
sealers.

. Calcium silicate based —Cements- Portland cement,
Mineral trioxide aggregate (MTA), Biodentine
(Septodont, France) Sealers - Endo CPM Sealer (EGO
SRL, BuenosAires, Argentina)) MTA Fillapex
(Angelus, Brazl), BioRoot RCS (Septodont, France),
TechBiosealer (Profident, Kielce, Poland).

e  Calcium phosphates/ tricalcium
phosphate/hydrox yapatite based: Bioactive glass.

. Mixture of calcium silicatess and calcium
phosphates: iRoot BP, iRoot BP Plus, iRoot FS
(Innovative Bioceramix Inc., Vancouver, Canada),
Endo Sequence BC Sealer (Brasseler, Savannah, GA,
USA)/ Total Fill , Bioaggregate (Innovative Bioceramix
Inc., Vancouver, Canada), Tech Biosealer, Ceramicrete
(developed at Argonne National Lab, Illinois, USA).

Bioceramics in conservative dentistry and endodontics.
Calcium silicate based bioceramics.

Portland Cement: In 1824, Joseph Aspdin patented a product
called Portland cement (PC) obtained from the calcination of
the mixture of limestones coming from Portland in England
and silicon-argillaceous materials (Caicedo R, Von Fraunho fer
J ,1988). PC is an inexpensive material and except for the
absence of bismuth oxide and higher levels of calcium
aluminate and calcium sul fate, PC and MTA have a similar
main composition. PC like MT A is available as grey and white
(parirokh M et al 2014). Ordinary PC (grey) shows lesser
discoloration compared to grey MTA. However there is an
equal lack of discoloration seen by white MTA as well as
white PC (Hench LL ,2006). According to Vivaan ef al., greater
solubility is seen with MTA when compared to white PC (Best
S et al 2008). It also showed better washout resistance
Compared to MTA in different solutions (Wang Z
,2015).Maturation of MT A afier hydrationis more structured
than PC hence the former displays better bioactivity (Canderio
GT 2012).Calcium ion release and formation ofhydroxy apatite
crystals is seen with both grey and white PC (Primus CM
,2014). The patticle size of white Pro Root MTA is
significantly small white PC both befre and afier hydration
(Shen Y et al 2015).PC shows antibacterial and antifungal
properties similar to MTA against Enterococcusfaecalis,
Micrococcus luteus, Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonasaeruginosa and Candida albicans
(Camilleri, 2007). White and grey MT A had similar sealing
ability as a root end filling material when checked by means of
dye penetration when compared to white and grey PC (Asgary
S,2006). However, when checked as a perforation repair
material by means ofprotein leakage, white PC showed b etter

sealing ability compared to white and grey MTA. Cell culture
studies have showed variable result as per the cell type.
Essentially there was no genotoxicity or cytotoxicity seen
associated with PC similar to MT A with respect to fibroblasts
(Song JS, 2006). However, with respect to human bone
marrowd erivedmesenchymal stem cells, MTA displayed
greater proli feration and migration compared toPC (Asgary S,
2009). Bio mineralization is greater with MTA compared to
PC when observed at 30 and 60 days (Camilleri et al., 2005).
Pulpotomy performed with PC and MT A was success ful both
clinically and radio graphically, but the root canals showed
greater obliteration with PC (Holland R et al 1999).
Limitations-Higher amount of lead and arsenic released from
PC along with reports o fits high solubility compared to MT A
has raised questions regarding its safety with respect to the
surrounding tissues (Camilleri, 2007).Higher solubility may
jeopardise the long term seal of the restoration (Holland R
,2002). Excessive setting expansion with PC may lead to crack
formation with the tooth (Camilleri, 2007).Bio mineralization
with PC is not as effective and as long term as with MTA
which is critical for abioactive material (Camilleri et al., 2005).

Mineral trioxide aggregatee MTA was introduced by Dr
Torabinajed in1993.1t is established as Osseo conductive,
inductive, and biocompatible. It has been marketed as Pro Root
since its approval by FDA in 1998. It is used primarily to seal
lateral root perforations and as a root-end filling material but
now a days, It is also used for pulp capping, pulpotomy, a
pexogenesis, and apical barmier formation in teeth with open
apexes, repair of root perforations, and as a root canal filling
material (Torabinejad M, Chivian N 1999)MTA is a mixture
of dicalcium silicate, tricalcium silicate, tricalcium aluminate,
gypsum, tetra cal cium alumino ferrite and 20% bismuth oxide,
which is added as radio pacifier to change the physical
properties of MTA (Primus CM et al 2014). The primary
formulation of MTA was based on 75%Portland cement and
had a gray color; however, it is different from Portland cement
since thePortland cement contains heavy metals (Best S et a/
2008). Since the gray type causes tooth discoloration, white
MTA was introduced to the market in 2002; however, the
white type also causes some degrees ofdiscoloration due to the
presence of iron oxides in its formulation (Asgray S et al
2006). The white MTA has less ironaluminium and
magnesium than gray MTA and smaller particles (Wang Z
,2015).When mixed with water, MTA forms calcium silicate
hydrate gel and calcium hydroxide (Holland R et al
1999).0Over time, this hydrated gel dries and forms a calcium
ciliate matrix with calcium hydroxide penetrated into its
porosities (Gancedo — Caravia L, 2006). The compressive
strength is 40 MPa at 24 hours and 67 MPa at 21 days.
Torabinejad et al, in 1995 stated that the pH of MTA afier
mixing is 10.2, which reaches 12.5 after three hours .Chang et
al, in 2005 showed that the pH of white MTA was
significantly higher than that o fgray MTA for a longperiod of
time afer mixing. Thesetting time of MTA is different
depending on the measurem ent method. Primary setting occurs
within 45 minutes (Chng HK ef a/ 2005) but final setting
requires 140 minutes to 250 minutes. It has beensuggested to
mix three portions of powder with one portion of liquid. If
MTA powder packed in thecanal is given adequate time, it
eventually sets by absorbing moisture from the accessory
canals andcementum (Budig CG et a/ 2008). However, the
performance o fMTA in dry environment is not as good as that
inmoist environment (Gancedo — Caravia L, 2006). On the
other hand, high amounts of water cause greater porosity
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anddissolution (wash out) of MTA at the time of setting and
lower strength ofset MT A (Walker MP et al 2006). Aggarwal
V et al found the push- out strength of MTA after 24 hours to
be ~5.2 +0.4 MPa. Afier 7 days the strength signi ficantly
increased to 9.0 £0.9 MPa. The drawback ofMTA are di fficult
handling and high cost, low cohesive strength, potential tooth
discoloration and difficulty ofits removal afler placement.

C.Root MTA: This type of MT A was produced by Lotfi in
Tabriz University of Medical Sciences in 1999 and marketed
by Salamyfar Company. It is a cheaper type of MTA. It
contains 41.64% calcium oxide, 18.58% SiO2, 15.18%
bismuth oxide, 3.41% aluminium oxide, 2.08% magnesium
oxide and small amounts of iron oxide, sulphur oxide,
phosphorus oxide, titanium oxide, sodium oxide, chlorine,
water and carbon dioxide. Sizeo f particles ranges between 5-
60p and is smaller than that of gray Pro Root. MT A (Primus
CM et al 2014). Assessment of biocompatibility of ProRoot
MTA and Root MT A showed no cell viability at 48 and 168
hours for ProRoot and 72 hours for Root MTA but the
difference was not significant (Moazami F & Shahsiah S,
2006).Assessment of cytotoxicity of Proroot MT A, Root MTA
and Portland cement on human gingival fibroblasts showed
that these materials had similar biocompatibility in vitro. Root
MTA has been used for restoration of strip perforation
(Froughreyhani M et al 2013) and furcal perforation (Bin CV
et al 2012).Despite higher inflammatory response of Root
MT A compared to ProRoot MT A, these two materials can be
used altemately for furcal perforation repair (Jahromi Z et al
2006).It has been stated that Root MT A can be used as an
altemative to MT A (Sharifian MR et a/ 2007).

MTA  ANGELUS (Angelus solu¢desodontologicas,
Londrina, PR, Brazl): MTA ANGELUS was launched in
Brazl in 2001and received FDA approval in 2011 making it
available in United States. MT A Angelus is available in two
forms of white (for esthetic regions) and gray containing
80%Portland cement and 20% bismuth oxide. The amount of
bismuth oxide in gray MT A Angelus is less than that in gray
ProRoot MTA. The amount of aluminium oxide present in
MTA Angelus is 237% higher than that in white ProRoot
MTA. The amount of magnesium oxide present in
grayProRoot MTA is 486% higher than that in MT A Angelus
(Asgray et al 2009). Homogeneity of MTA Angelus is less
than that of ProRoot MTA (Song JS et al 2006). Also, it is
available in selfcure and light-cure forms. A clinical study
showed that light cure MTA Angelus had a similar
performance to MTA in a 60-day period but did not cause
mineralization (Gomes filho JE 2008).Calcium sulfate is not
incorporated in the composition of MTA Angelus in order to
decrease setting time (about 10 minutes). The amount of
bismuth oxide in MTA Angelus is less than that in ProRoot
MTA but its calcium content is higher (about 45%).T he pH
and release of calcium ions are higher in MTA Angelus than
ProRoot MTA, which are probably due to the higher amount of
cement and higher calcium content (Hess D ef al 2011). The
gray MTA Angelus has greater release of calcium ions and
higher pH than the white type (Amin SA 2012). Both white
and gray MT A Angelus havel ess opacity than ProRoot MTA
(Parirokh M & Torabinejad M, 2010).

MTA Fillapex: MT A Fillapex is an endodontic sealer based
on MTA developed by angelus & launched commercially in
2010.1t has the physical and chemical properties of resin
sealers and biological properties 0o fMTA (Silva EJ ef al 2013).

The composition of this material afer mixing includes MT A,
salicylate resin, natural resin, bismuth and silica(Bin CV et al
2012). Highamounts of calcium and carbon are present on
thesurface of this material. This material has high solubility
and high release of calcium ions (Borges RP et al 2012). Its
solubility is higher than standard and due to release of calcium
during its dissolution, it shows higher antimicrobial activity
than some other sealers (Faria Junior NB ef a/ 2013). The bond
strength o fthis material is signi ficantly lower than that of AH
Plus and iRoot SP and the reason is less adhesion of tag-like
structures (Sagsen B ef al 2011). Comparison ofbond ofiRoot
SP and MT A Fill apex sealers in dry, moist and wet conditions
showed that maximum bond of these sealers is achieved in
moist conditions and minimum bond strength is achieved in
wet conditions. In wet conditions, Fillapex did not bond to
canal wall. The bond ofiRoot SP in all conditions was higher
than that ofFillapex (Nagas E et al 2012). Radiopacity (equal
to 7.06 mm of aluminium) and flow of this material were
higher than those o f AH plus sealer (Silva EJ ef a/ 2013). Use
of calcium hydroxide inside the canal for seven days prior to
root canal filling by Fillapex sealer d ecreased its bond (Amin
SA et al 2012). Comparison of connective tissue response to
Fillapex, iRoot SP and MTA Angelus showed that Fillapex
was still cytotoxic for subcutaneous tissues even 90 days afier
its application. Only one study assessed the reaction ofbone to
this sealer and revealed that this sealer was biocompatible but
presence o fMTA in its formulation did not cause regen eration
of bone defect. Inflammatory reaction and delayed formation
of dentinal bridge in this study was attributed to the presence
of silicate resins in sealer composition (Bosio CC et al 2014).

But it can induce the formation ofnucleation sites and apatite
(Salles SP et al 2012).

BIODENTINE: Bio dentine was developed by septodonts
research group as a new class of dental material in the year
2010. Which could conciliate high mechanical properties with
excellent biocomp atibility as well as a bioactive b ehaviour. Its
chemical composition is based on the Ca3SiO5-water
chemistry which brings the high compatibility of already
known endodontic repair cements, septodont increased the
physicochemical —properties which makes biodentine.
Biodentine is supplied in the form of powder and liquid.
Thepowder contains cal cium silicate and zirconium oxides and
the liquid contains sodium, magnesium, chlorine and water
(Camilleri et al 2012). Zirconium oxide serves as a
radiopacifier and calcium chloride serves as setting reaction
accelerator (Trope M et al 2015). Clinically biodentineis easy
to handle and biocompatible not only for the restorative
procedures but also for the classical endodontic procedures.
Biocompatible not only for the restorative procedures but also
for the classical endodontic procedures. The calcium silicate
has the ability to interact with water leading to the setting and
hardening o f cement. T his is a hydration of trical cium silicate
which produces hydrated calcium silicate gel and calcium
hydroxide. The hydrated calcium silicate gel and calcium
hydroxide tends to precipitate at the surfice o fthe particle. The
CSH (calcium silicate hydration) gel formation is due to the
pemmanent hydration of the tricalcium silicate, which gradually
fill in the spaces between the tricalcium grains. The pH ofbio
dentine is 12.5. The working time of biodentine is upto 6
minutes with a final set at around 10-12minutes. The setting
time of biodentine is in the same range as amalgam. When
tested according to ISO standard with Gilmore needles, the
working time is over 1 minute and setting time is between 9-
12 minutes. The bending resistance ofbiodentine is superior to



13205

Balpreet Kaur et al. Review of bioceramic in conservative dentistry & endodontics

GIC but much lower than the composite resins. The
compressive strength is 100 MPa in the first hour and 200MPa
afier 24 hours. The modulus of elasticity is 22 GPa and it is
very similar to that of dentin at 18.5 GPa (Saxena P et al
2013).1t has the surface hardness in the same range as natural
dentine. Biodentine contains zirconium oxide for radio opacity.
This makes biodentine suitable for endodontics indications of
canal repair. Biodentine is used as a dentine substitute under a
composite restoration, as a direct pulp capping material and as
an endodontic repair material. It exhibits better mechanical
properties than MT A. As the setting is faster, thereis a lower
risk o fbacterial contamination than with MT A (Belobrov I et
al 2011).

PRO ROOT ES canal sealer: ProRoot ES (Endodontic
Sealer) from DENTSPLY Tulsa is a new sealer that came to
market in May 2016. ProRoot ES represents a continuing
paradigm shiff in endodontic sealers toward calcium silicates
or bioceramics. These new sealers are not just s ealers but can
also serve as an apical filler. Historically the gutta percha cone
is buttered or lightly coated with a thin layer of Themmaseal
plus Ribbon Sealer (DENTSPLY Tulsa) or Pulp Canal Sealer
EWT (Kemr Endodontics) and then placed in the canal to
working length. The ultimate goal is to have a thin layer of
sealer between the gutta percha, dentin and any portal of exit
(foramen). The sealer serves as a sealer and in this technique it
is betterto have a tight fitting gutta percha cone that “fits and
fills” the apex or the foramen with just a small layer o f seal er
in between. The various properties of pro root ES are: It causes
massive reduction of post-operative sensitivity.it has good
Osteogenic/Osteoconductive property & it can promote
cementum growth.it has good antibacterial property. T he intial
Setting pH is 11.6 and final setting pH is 11.7.1t is Bonds to
the dentin and gutta percha.it has good Hydrophilic property
and the sealer will set in moisture.it has excellent Flowability
and excellent Coatability the sealer coats the dentinal walls ina
360 degree fashion. It does not promote periradicular
inflammation. The working time is 65 min.It has relatively
quick set time of 12 hours. It can be Re-treatable.Itcan alsoseal
the apical perforations.

Experimental calcium alumino — silicates

EndoBinder (Saxena ef al., 2013): A new calcium aluminate-
based endodontic cement, called EndoBinder (Binderware, Sao
Carlos, SP, Brazil), has been developed with the intention of
preserving the properties and clinical applications of MTA
eliminating its negative characteristics. EndoBinder is
produced with high levels ofpurity, eliminating traces of free
magnesium oxide (MgO) and calcium oxide (CaO), which are
responsible for the undesired expansion of the material, and
ferri ¢ oxide (Fe203), which is responsible for tooth darkening.
Among recent materials, EndoBinder presented satis factory
tissue reaction; it was biocompatible when tested in
subcutaneous tissue ofrats.

Generex A (Saxena P er al 2013): Generex A (Dentsply Tulsa
Dental Specialties, Tulsa, OK, USA) is a calcium-silicate-
based material that has some similarities to ProRoot MT A but
is mixed with unique gels instead of water used for MTA.
Generex A material has very different handling. Properties in
comparison to MTA. Generex A mixes to a dough-like
consistency, making it easy to roll into a rope-like mass similar
to intermediate restorative material.

Capasio (Saxena P et al 2013): Capasio (Primus Consulting,
Bradenton, FL, USA) is composed primarily ofbismuth oxide,
dental glass and calcium alumino-silicate with a silica and
polyvinyl acetate-based gel. A recent study found that Capasio
and MTA promote apatite deposition when exposed to
synthetic tissue fluid thus had the mineralization capacity. The
same researchers also concluded that when used as a root-end
filling material, Capasio is more likely to penetrate dentinal
tubules. Another study compared Generex A, Generex B,
Capasio along with Ceramicrete-D (magnesium phosphate
based) using primary osteoblasts. Generex A was the only new
generation endodontic material that supported primary
osteoblast growth. No material besides MT A facilitated nodule
formation. Only Generex A and MT A allowed cell growth and
proliferation throughout the experiment.

D. Quick-Set (Sax ena et al., 2013): Recently, Capasio powder
has been refined and renamed as Quick-Set (Primus
Consulting), and the cationic surfactant was removed from the
liquid gel component, which was thought to interfere with
cytocompatibility. In a contemporary research Using
odontoblast-like cells, Quick-Set and MT A exhibited similar
cytotoxicity profiles. They possess negligible in vitro
toxicological risks afler time dependent elution of toxic
components.

Calcium hydroxide based cement: The first clinical use of
calcium hydroxide as a root canal-filling material was
probably byRhoner in 1940. It took another 20 years for
calcium hydroxide to become popular forapexification, the
sealing of perforations, and management of resorption. A
‘‘miracle’material’” Biocalex (Laboratoire SPAD, Dijon,
France), developed by French researchers, wasbelieved to
make radical changes to endodontic instrumentation
methods(Hendra L ,1970).Biocalex/Endocal is aroot canal
medication/ filler that uses calcium oxide in ethyl glycol. The
calcium oxide combines with water in the tooth and becomes
calcium hydroxide which is a well-known and long used and
documented excellent root canal material. The antibacterial
effect of calcium hydroxide is basedon its ability to release
hydroxyl ions and to raise pH. The pH of calcium hydroxide
paste has beenshown to be as high as 12.5 when used for
intracanal medicament purpose. The setting reactions of
calcium hydroxide—containing sealers are complex. CRCS sets
within 3 days in both dry and humidenvironments. Seal apex
sets in 2 to 3 weeks in 100% relative humidity and does not set
in a dryenvironment. Apexit has exhibited high water sorption
but along with its equally high solubilitygives rise to minor
overall dimensional change(Asgray S et al 2007). CRCS was
quite stable with volumetric changesin water for 21 days. Seal
apex displayed significant sorption in a 100% humid
atmospherewith volumetric expansion (Caicedo R & Von
FraunhoferJ, 1988).

Calcium phosphate based bioceramics: Calcium phosphate
cement were proposed by brown and chow and Legeros ef a/ in
1980. In 1990, the first calcium phosphate cement was used
commercially in treatment of maxillofacial defects and
fractures .It is a bioactive and biodegradable graftingmaterial
in the form of powder and liquid. When mixed, it sets
primarily as hydroxyapatite. Calcium phosphate cement can be
used as a complete canal obturation material. Goodell et al:
recommend CPC as a replacement for calcium hydroxide in
apexification cases. The main limitation of the calcium
phosphate bioceramics is their lack of strength, causing them
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to have fatigue fracture and fail in load bearing situations
(LeGeros RZ, 1988).

Bioactive glass: Bioactive glasses were first developed by
Hench et al in 1969 and represent a group ofreactive materials
that are able to bond to mineralized bone tissue in
physiological environment. Bioactive glasses are characterized
by the materials reactivity in water and aqueous fluids. The
application ofthe bioactive glass and glass ceramics has been
widely documented over the Past two decades but the high
modulus and low fracture toughness has made them less
applicable. For clinical use. It is currently regarded as the most
biocompatible material in the bone regeneration field due to its
bioactivity, osteoconductivity and even osteoinductivity.
Bioactive glass is available in bulk, crushedpowders and
micron scale fibers. When bioactive glass are brought into
contact with body fluids, a rapid leach of Na+ and congruent
dissolution of Ca+2.PO4-3and Si+4 takes place at the glass
surface. A poly condensated silica- rich layer is formed on the
glass bulk, which serves as a template ©or the formation ofa
calcium phosphate layer at its outer surface which turns into
hydroxyapatite. Because of this phenomenon and good
biocompatibility it wasintroduced in dentistry.

Mixture of calcium silicates and calcium p hosphate.

Bioaggregate: Lu ef al. (2006) introduced the High strength,
nanoparticulate, bioceramic biological cement that is now
marketed as DiaRoot BioAggregate {DB} (Diadent,
Canada)DB is a relatively new bioceramic base material
which is similar to MT A. It is Easy to handle & setsin the
presence o f moisture. Antibacterial, non-toxic, aluminum free,
hydrophilic white powder with tantalum pentoxide &
Promotes cementogenes an excellent seal (double seal). It is
indicated in repair o froot perforation, repair o froot resorption,
root end filling, apexification and pulp capping. Bioaggregate
is more biocompatible than any other root end filling and
repair materals. It doesn’t produce any effect on
microcircul ation. It has excellent biocompatibility with the
vital periradicular tissue. Bioaggregate has invitro sealing
abilities compared to MTA (Holland R et al 1999) strong
antibacterial properties against E.faecalis(Budig CG, Eleazer
PD, 2008) and  anti-fuingal  properties against
C.albicans(Gancedo caravia L, 2000).

CEM cement: A novel endodontic material called CEM
cements also known as new endodontic cement w as introduced
to dentistry by Asgary et al 2006 for its application in various
endodontic procedure. It is produced by Bionique Dent
Company in Iran and it is composed of calcium oxide
(51.81%), silica oxide (6.28%), aluminum oxide (0.95%),
magnesium oxide (0.23%), and sulfur oxide (9.48%),
phosphorus oxide (8.52%), sodium oxide (0.35%), chlorine
(0.18%), water, carbon dioxide and some other materials
(22.2%) [80]. Comparison of CEM and ProRoot MT A shows
that they have almost similar pH, working time and
dimensional changes but CEM cement has shorter setting time
(less than one hour), less film thickness and higher flow
(Dreger LA et al 2012). One hour afier mixing of CEM
cement, it releases higher amounts of phosphate compared to
Portland cement and white ProRoot MT A. Radiopacity ofthis
material is about half ofthe radiopacity o f MT A (T orabzadeh
H et al 2012), which is lessthan the required amount for
endodontic sealers (equal to 3mm ofaluminum). Antimicrobial
activity of CEM cement and calcium hydroxide is significantly

higher than that ofwhite and gray ProRoot MT A and Portland
cement (Asgray S et al 2007).The use of CEM cement are
pulpotomy of immature (Nosrat A ef a/ 2013) and maturet eeth
(Asgray S, Eghbal MJ 2010), pulp capping (Ghajari MF et al
2010), furcal perforation repair, repair of external root
resorption defects , retrograde filling (Asgray S ef al 2010) and
regenerative endodontic treatments (Nosrat A et a/ 2011).

BC Sealer and iRoot SP: EndoSequence BC Sealer and iR oot
SP root canal sealer are the same product. In 2007 a
Canadianresearch and product development company
(innovative bioceramic, Inc., Vancouver Canada) developed a
premixed, ready to use calcium silicate based material, iRoot
SP. This sealer is premixed and contains zirconium oxide
(radiopacifier), tricalcium silicate, dical cium silicate, colloidal
silica, calcium silicate, monobasic cal cium phosphate, calcium
hydroxide, fillers and plasticizers. This is a hydrophilic sealer
and the moisture inside the tubules causes its setting. Its
working time is more than 4 hours at room temperature and its
setting time depends on the amount of moisture and varies
from 4 hours to 10 hours in very dry canals (Hess D et al
2011). The solubility of Fill apex and iRoot SP sealers is
higher than that of AH Plus and MTA Angelus and is not in
agreement with the standards but the solubility ofiRoot SP is
higher than that of Fillapex (Borges RP ef al 2012). Another
study found no significant difference in solubility ofiRoot SP
and AH Plus, and it was in agreement with the standards. Also,
iRoot SP absorbed more w ater but no di fference was noted in
the apical seal provided by these two materials [59].
Radiopacity ofthis sealer equals 3.84 mm ofaluminum, which
is about halfthe opacity of AH plus but it is in agreement with
the standards (minimum of 3 mm of aluminium). BC Sealer
has moderate cytotoxic effects on osteoblasts at five weeks
[Loushine BA et a/ 2011] but another study showed that iR oot
SP and MTA induced differentiation of dental papilla stem
cells to odontoblast-like cells and induced biomineralziation
(Zhang W et al 2010). No difference in inflammatory response
to intraosseous and subcutaneous placement of iRoot SP and
MTA was noted in rats and both of these materials showed
biocompatibility.

EndoSequence: EndoSequence root repair material (ERRM)
is produced by Brasseler Company and is supplied inthe form
of a mouldable putty (marketed as iRoot BP Plus) and a
syringe containing paste with the ability to be injected into the
canal. Endo Sequence BC obturation system is another product
of this company (comprised of gutta-percha and Endo
Sequence BC sealer). All orms of ERRM are composed of
calcium silicate, zirconium oxide, tantalum oxide, monobasic
calcium phosphate, fillers and plasticizers (Damas BA et al
2011). They are comprised of nanospheres that can penetrate
into dentinal tubules and set using their moisture. The ERRM
putty is similar to gray MTA in terms of crystallographic
structure of surface. The compressive strength of ERRM is
similar to that of MT A but due to forming tag-like structures in
dentin, it causes micromechanical interlocking and bond to
dentin, which are not seen in use of MTA (Wang Z 2015).
According to the manufacturer, working time o f ERRM is 30
minutes and its setting time is 4 hours. It sets in presence of
moisture and its pH is 12.4, which is maintained during its
setting. The iRoot products include iRoot SP, iRoot BP and
iRoot BP Plus. These products are produced by the Innovative
Bioceramix Inc. (Vancouver, Canada). According to the
manufacturer, iRoot SP is the same as Endo Sequence BC
sealer. The iRoot BP and iRoot BP Plus are insoluble, ready to



13207

Balpreet Kaur et al. Review of bioceramic in conservative dentistry & endodontics

use, devoid of aluminum and opaque, and are different from
each other in terms of consistency. The iRoot BP is an
injectable white paste but iRoot BP Plus has a putty-like
consistency. A study showed that ERRM putty is also
marketed with the brand name “iRoot BP Plus” (Wang Z
2015). According to the manu facturer, iRoot Plus has a setting
time of 2 hours but it has been shown that its complete s etting
takes 7 days (Jiang Y et al 2014). No di fference was noted in
the ability of iRoot BP Plus and MTA for the formation of
dentinal bridge in teeth thathave undergone pulp capping.

Comparison ofbiocompatibility of these two materials showed
that cell viability was less in exposure to iRoot BP Plus
compared to ProRoot MTA (De-Deus G et al 2012). The
iR0otSF (Brasseler, Savannah, GA, USA) is another member
of this family and is among the permmanent restorative
materials. It has a base o f calcium silicate but does not contain
aluminum. Its handling properties are better and its setting time
has decreased to one hour (Jiang Y ef a/ 2014).

CERAMICRETE: Ceramicrete is a self-setting phosphate
ceramic developed at the Argonne National Laboratory,
Illinois, and USA that sets in an ambient condition formed by
acidbase reaction between an acid phosphates (KH2PO4) and a
negligible soluble basic metal oxide (calcinedMgO). More
recently, a biocompatible, radiopaque Ceramicrete based
dental/ bone material has been created by incorporating
hydroxyapatite powder and cerium oxide radiop aque filler into
the phosphosilicate ceramic. The Ceramicrete-based material
has an initial setting time o f6 min and a final setting time of
12 min.It can also be rolled into a sausage-like formation for
easier manipulation with dental instruments and sets under
water with minimal washout.

A modified version of the material (Ceramicrete D) was
introduced by mixing the powder with deionized water. The
sealingability of Ceramicrete D was reported to be favourable.
In another study by Leal et al(Leal F et al 2011), two
endodontic bioceramic repair cements (Bioaggregate and
Ceramicrete D) displayed similar leakage results to white
MT A when used as root-end fillings materials. Ceramicrete D
had significantly lower glucose penetration. Physical and
chemical analyses showed thatthe clinical handling and
washout resistant of theCeramicrete D were superior to those
of MTA; however, it was weaker, less radiopaque, and initially
more acidic than Generex A and Capasio.

Advantages of Bioceramics: Excellent biocompatibility
properties due to their similarity with biological
hydroxyapatite. Intrinsic osteoinductive capacity because of
their ability to absorb osteoinductive substances ifthere is a
bone healing process nearby. Function as a regenerative
scaffold of resorbable lattices which provide a framework that
is eventually dissolved asthe body rebuilds tissue.

Ability to achieve excellent hermetic seal, form a chemical
bond with the tooth structure and have good radiopacity (Prati
C et al 2015).Antibacterial properties as a result of
precipitation in situ afer setting, a phenomenon that leads to
bacterial sequestration. Bioceramics form porous powders
containing nanocrystals with diameters of 1-3 nm, which
prevent bacterial adhesion. Sometimes, fluoride ions are
constituents of apatite crystals, and the resulted nanomaterial
has antibacterial properties (Jitaru S et al 2016).

Uses of Bioceramics

Prosthetic uses: Implants, prosthesis, prosthetic devices,
coatings to improve the biocompatibility of metal implants
(Leal F et al 2011).

Surgical uses: joint replacements, fill surgical bone defects,
alveolar ridge augmentation, sinus obliteration, and cormrection
oforbital floor fracture.

Endodontic uses: Sealers, obturation, perforation repair,
retrograde filling, pulpotomy, resorption, apexification,
regenerative endodontics.

Restorative uses: Dentin substitute, pulp capping, dentin

hypersensitivity, dentin remineralisation (Jain P, Ranjan M,
2015).

CONCLUSION

Bioceramics offers a new treatment options for improving
prognosis in many operative and endodontic procedures.
Bioceramics are non-toxic, non-moisture sensitive materials
with optimal dimensional stability, excellent sealing ability,
alkaline PH and osteoconductivity. A number of bioceramics
have been introduced to the market. Due to drawbacks such as
causing tooth discoloration, difficult handling and long setting
time, studies are still ongoing on these materials. Thus
clinicians must enhance their knowledge about these
bioceramics and may cause revolutionary changes in
endodontics treatment in near future.

REFERENCES

1. S.M. Best, A.E. Porter, and E.S. Thian, and J. Huang,
bioceramic: Past, present and for the future, Journal o fthe
European Ceramic Society 28 (2008) 1319-1327

2. V. A. Dubok, BIOCERAMICS % YESTERDAY, TODAY,
TOMORROW, Powder Metallurgy and Metal
Ceramics,2000 Vol. 39, Nos. 7-8.

3. Sukumaran V, Bhardwaj N. Ceramics in dental applications.
Trends Biomater. 2006; 20 (1):7-11.

4. Ceramic. Available at:https://en.wikipedia.org/
wiki/Ceramic/Accessed August 27, 2015.

5. Trope M, Bunes A, Debelian G. Root filling materials and
techniques: Bioceramics a new hope? Endod T opics. 2015
May; 32(1):86-96.

6. Best S, Porter A, Thian E, and Huang J.Bioceramics: Past,
present and for the future. J of the Europ Ceramic Soc.
2008 Dec; 28(7):1319-27.

7. Leal F, De-Deus G, Brandao C, Luna AS, Fidel SR, Souza
EM. Comparison of the root end Seal provided by
bioceramic repair cements and white MTA. IntEndod J
2011; 44:662-8.

8. Zhang J, Pappen FG, Haapassalo M. Dentin enhances the
antibacterial effect of Mineral Trioxide Aggregate and
BioAggregate. ] Endod 2009; 35:221-4.

9. Dohaithem A, Al-Nasser A, Al-Badah A, Al- Nazhan S, Al-
Maflehi N. An in vitro evaluation of antifungal activity of
bioaggregate. Oral Surg Oral Med Oral Pathol Oral
RadioEndod 2011; 112:e27-30.

10. Hendra L. Biocalex—a new approach to endodontia
dependent upon biological principles and chemical action
only. JBr EndodSoc 1970; autumn: 37-41.

11. Caicedo R, von FraunhoferJ. The properties o fendodontic
sealer cements. J Endod. 1988; 14:527-34.



13208

International Journal of Current Research, Vol. 12, Issue, 08, pp.13202-13210, Aug ust, 2020

12. Hench LL. The story of Bioglass®. J Mater Sci Mater
Med. 2006 Nov; 17(11):967-78.

13. Malhotra S, Hegde MN, Shetty C. Bioceramic t echnology
in endodontics. Br J Med and Med Res. 2014 Apr;
4(12):2446-2454.

14. Best S, Porter A, Thian E, and Huang J.Bioceramics: Past,
present and for the future. J of the Europ Ceramic Soc.
2008 Dec; 28(7):1319-27.

15. Wang Z. Bioceramic materials in endodontics. Endod
Topics. 2015 May; 32(1):3-30.

16. Candeiro GT, Correia FC, Duarte MA, Ribeiro-Siqueira
DC, Gavini G. Evaluation of radiopacity, pH, release of
calcium ions, and flow o f a bioceramic root canal sealer. J
ofEndod. 2012 Jun; 38(6):842-5.

17. Primus CM, Guttmann JL, Yapp R, Tay F. Physical
Properties of New Generation Tricalcium Silicate Dental
Materials. Bioceramic Dev Appl. 2014 Oct; 4(1):1-9.

18. Shen Y, Peng B, Yang Y, Ma J, Haapasalo M. What do
different tests tell about the mechanical and biological
properties of bioceramic materials? Endod Topics. 2015
May; 32(1):47-85.

19. Camilleri J. Hydration mechanisms of mineral trioxide
aggregate. Int Endod J. 2007 Jun; 40(6):462-70.

20. Asgary S, Parirokh M, Eghbal MJ, Stowe S,Brink F. A
qualitative X-ray analysis of white and grey mineral
trioxide aggregate usingcompositional imaging. J Mater Sci
Mater Med.2006 Feb; 17(2):187-91.

21. Song JS, Mante FK, Romanow WJ, Kim S.Chemical
analysis ofpowder and set forms o fPortland cement, gray
ProRoot MTA, white ProRoot MTA, and gray MTA-
Angelus. Oral Surg Oral Med Oral Pathol Oral Radiol and
Endod. 2006 Dec; 102(6):809-15.

22. Asgary S, Eghbal MJ, Parikh M, Ghoddusi J, Kheirieh S,
Brink F. Comparison of mineral trioxide aggregate's
composition with Portlandcements and a new endodontic
cement. J Endod. 2009 Feb; 35(2):243-50.

23. Camilleri J, Montesin FE, Brady K, SweeneyR, CurtisRV,
Ford TRP. The constitution of mineral trioxide aggregate.
Dent Mater. 2005 Apr; 21(4): 297-303.

24. Holland R, De Souza V, Nery MJ, OtoboniFilho JA,
Bernabé PF, Dezan E. Reaction of rate connective tissue to
implanted dentin tubes filled with mineral trioxide
aggregate or calcium hydroxide. J of Endod. 1999 Mar;
25(3):161-6.

25. Holland R, Souza Vd, Nery MJ, Faraco Junior IM, Bemabé
PFE, OtoboniFilho JA, et al.Reaction of rat connective
tissue to implanted dentin tubes filled with a white mineral
trioxide aggregate. Braz Dent J. 2002; 13(1):23-6.

26. Gandolfi MG, Taddei P, Tinti A, Prati C. Apatite- forming
ability (bioactivity) of ProRoot MTA. Int Endod J. 2010
Oct; 43(10):917-29.

27. Chng HK, Islam I, Yap AU, Tong YW, Koh ET. Properties
of a new root-end filling material. J Endod. 2005 Sep;
31(9):665-8.

28. Budig CG, Eleazer PD. In vitro comparison o f the setting
of dry ProRoot MTA by moisture absorbed through the
root. J Endod. 2008 Jun; 34(6):712-4.

29. Gancedo-Caravia L, Garcia-BarberoE.Influence of
humidity and setting time on the pushoutstrength of
mineral trioxide aggregate obturations. J Endod. 2006 Sep;
32(9):894-6.

30. Walker MP, Diliberto A, Lee C. Effect o fSetting conditions
on mineral trioxide aggregateflexural strength. J Endod.
2006 Apr; 32(4): 334-6.

31. Belobrov I, Parashos P. Treatment of tooth discoloration
afier the use o f white mineral trioxide aggregate. J Endod.
2011 Jul; 37(7):1017-20.

32. Gomes-Filho JE, de Faria MD, Bernabé PF, Nery MJ,
Otoboni-Filho JA, Dezan-Janior E, et al.

Mineral trioxide aggregate but not light-cure mineral trioxide
aggregate stimulated mineralization. J Endod. 2008 Jan;
34(1):62-5.

33. Duarte MA, Demarchi AC, Yamashita JC, Kuga MC,
FragaSde C. pH and calcium ion release of 2 root-end
filling materials. Oral Surg Oral Med Oral Pathol Oral
Radiol and Endod. 2003 Mar; 95(3):345-7.

34. de Vasconcelos BC, Bernardes RA, Cruz SM, Duarte MA,
PadilhaPde M, Bernardineli N, et al .Evaluation of pH and
calcium ion release o f new root-end filling materials. Oral
Surg Oral Med Oral Pathol Oral Radiol and Endod. 2009
Jul; 108(1): 135-9.

35. Parirokh M, T orabinejad M. Mineral trioxide aggregate: a
comprehensive literature review-partl: chemical, physical,
and antibacterial properties. J Endod. 2010 Jan; 36(1):16-
27.

36. Froughreyhani M, Milani A, Barakatein B, Shiezadeh V.
Treatment of strip perforation using Root MTA: A case
report. Iran Endod J. 2013 spring; 8(2):80-83.

37. Moazami F, Shahsiah S. The cellular behaviour and SEM
evaluation ofProRoot and Root MT As on fibroblast L929.
Iran Endod J. 2006 Fall; 1(3): 87-92.

38. Salles LP, Gomes-Cornélio AL, Guimaraes FC, Herrera
BS,Bao SN, Rossa-Junior C, et alMineral trioxide
aggregate-based endodontic sealer stimulates
hydroxyapatite nucleation in human osteoblast-like cell
culture. J Endod. 2012 Jul; 38(7):971-6.

39. Jahromi Z, Razavi S.M, Esfahanian V, Feizi GH.
Histological evaluation of inflammation aftersealing
furcating perforation in dog's teeth by four materials. Dent
Res J. 2006 Autumn-Winter; 3(2):1-10.

40. Sharifian MR, Ghobadi M, Shokouhinejad N, Assadian H.
Cytotoxicity evaluation of ProRoot MT A, Root MT A and
Portland cement on human gingival fibroblasts. Iran Endod
J. 2007 Fall; 2(3): 91-94.

41. Camilleri J, Kralj P, Veber M, Sinagra E. Characterization
and analyses o facid-extractable and leached trace elements
in dental cements. Int EndodJ. 2012 Aug;45(8):737-43.

42. Torabzadeh H, Aslanzadeh S, Asgary S. Radiopacity of
Various Dental Biomaterials.Research J of Biological Sci.
2012;7(4):152-8.

43. Asgary S, Kamrani F, Taheri S. Evaluation of
antimicrobial effect ofMTA, calcium hydroxide, and CEM
cement. Iran Endod J. 2007 Fall; 2(3):105-109.

44. Nosrat A, Seifi A, Asgary S. Pulpotomy in caries-exposed
immature pemmanent molars using calcium-enriched
mixture cement or mineral trioxide aggregate: a
randomized clinical trial. Int J Paediatr Dent. 2013 Jan;
23(1):56-63.

45. Asgary S, Eghbal MJ. The effect of pulpotomy using a
calcium-enriched mixture cement versus one-visit root
canal therapy on postoperative pain relief in irreversible
pulpitis: a randomized clinical trial. Odontology. 2010 Jul;
98(2):126-33.

46. Ghajari MF, Jeddi TA, Iri S, Asgary S. Direct pulp-capping
with calcium enriched mixture in primary molar teeth: a
randomized clinical trial. Iran Endod J. 2010 winter;
5(1):27-30.



13209

Balpreet Kaur et al. Review of bioceramic in conservative dentistry & endodontics

47. Asgary S. Furcal perforation repair using calcium enriched
mixture cement. J Conserv Dent.2010 Jul-Sep; 13(3):156-
158.

48. Asgary S, Nosrat A, Seifi A. Management ofinflammatory
external root resorption by using calcium-enriched mixture
cement: a case report. J Endod. 2011 Mar; 37(3):411-3.

49. Asgary S, Eghbal MJ, Ehsani S. Periradicular regen eration
afier endodontic surgery with calcium-enriched mixture
cement in dogs. J Endod. 2010 May; 36(5):837-41.

50. Nosrat A, Seifi A, Asgary S. Regenerative endodontic
treatment (revascularization) for necrotic immature
permanent molars: a review and report oftwo cases with a
new biomaterial. J Endod. 2011 Apr; 37(4):562-7.

51. Damas BA, Wheater MA, Bringas JS, Hoen MM.
Cytotoxicity comparison of mineral trioxide aggregates and
EndoSequence bioceramic root repair materials. J Endod.
2011 Mar;, 37(3):372-5.

52. Jiang Y, Zheng Q, Zhou X, Gao Y, Huang D. A
comparative study on root canal repair materials: a
cytocompatibility assessment in 1929 and MG63 cells.
ScientificWorldJournal. 2014 Jan;2014: 463826.

53. De-Deus G, Canabarro A, Alves GG, Marins JR, Linhares
AB, Granjeiro J. Cytocompatibility of the ready-to-use
bioceramic putty repair cement iRoot BP Plus with primary
human osteoblasts. Int Endod J. 2012 Jun; 45(6):508-13.

54. Hess D, Solomon E, Spears R, He J. Retreatability of a
bioceramic root canal sealing material. J Endod. 2011 Nov;
37(11):1547-9.

55. Nagas E, Uyanik MO, Eymirli A, Cehreli ZC, Vallittu PK,
Lassila LV, et al Dentin moistureconditions affect the
adhesion of root canal sealers. J of Endod. 2012 Feb;
38(2):240-4.

56. Amin SA, Seyam RS, El-Samman MA. The effect o fprior
calcium hydroxide intracanalplacement on the bond
strength of two calcium silicate-based and an epoxy resin—
based endodontic sealer. J Endod. 2012 May; 38(5):696-9.

57. Loushine BA, Bryan TE, Looney SW, Gillen BM,
Loushine RJ, Weller RN, er al. Setting properties and
cytotoxicity evaluation ofa premixed bioceramic root canal
sealer. J Endod2011 May; 37(5):673-7.

58. Borges RP, Sousa-Neto MD, VersianiMA,Rached-Junior
FA, De-Deus G, Miranda CE, ef al. Changes in the surface
of four calcium silicate-containing endodontic materials
and an epoxy resin-based sealer afier a solubility test. Int
Endod J. 2012 May; 45(5):419-28.

59. Ersahan S, Aydin C. Solubility and apical sealing
characteristics of a new calcium silicatebasedroot canal
sealer in comparison to calcium hydroxide-, methacrylate
resin-and epoxy resinbasedsealers. ActaOdontol Scand.
2013 May-Jul; 71(3-4):857-62.

60. Zhang W, Li Z, Peng B. Effcts of iRoot SP on
mineralization-related genes expression in MG63 cells. J
Endod. 2010 Dec; 36(12):1978-82.

61. Zhang W, Peng B. Tissue reactions afier subcutaneous and
intraosseous implantation of iRoot SP, MT A and AH Plus.
Dent Mater J. 2015; 34(6):774-80.

62. Silva EJ, Rosa TP, Herrera DR, Jacinto RC,Gomes BP,
Zaia AA. Evaluation of cytotoxicity and physicochemical
properties of cal cium silicatebased endodontic sealer MT A
Fillapex. JEndod. 2013 Feb; 39(2):274-7.

63. Bin CV, Valera MC, Camargo SE, Rabelo SB, Silva GO,
Balducci I, et al. Cytotoxicity and genotoxicity of root
canal sealers based on mineral trioxide aggregate. J Endod.
2012 Apr; 38(4):495-500.

64. Faria-Junior NB, Tanomaru-Filho M, Berbert FL,
Guerreiro-Tanomaru JM. Antibiofilm activity, pH and
solubility of endodontic sealers. Int Endod J. 2013 Aug;
46(8):755-62.

65. Sagsen B, Ustiin Y, Demirbuga S, Pala K. Push-out bond
strength of two new calciumsilicate- based endodontic
sealers to root canal dentine. Int Endod J. 2011 Dec;
44(12):1088-91.

66. Bosio CC, Felippe GS, BortoluzziEA,F elippe MC, Felippe
WT, Rivero ER. Subcutaneous connective tissue reactions
to iRoot SP, mineral trioxide aggregate (MTA) Fillapex,
DiaRootBioAggregate and MT A. Int Endod J.2014 Jul; 47
(7):667-74.

67. Assmann E, Bottcher DE, Hoppe CB, Grecca FS, Kopper
PM. Evaluation of bone tissue Response to a sealer
containing mineral trioxide aggregate. J Endod. 2015 Jan;
41(1):62-6.

68. Viola NV, TanomaruFilho M, Cerri PS. Mta versus
portland cement: Review of literature. Rev Sul-bras
Odontol 2011; 8(4):446-452.

69. Parirokh M, Torabinejad M. Calcium silicate—based
cements in mineral trioxide aggregate: Properties and
clinical applications. Hoboken, NJ, USA: John Wiley &
Sons, 2014.

70. Lenherr P, Allgayer N, Weiger R, Filippi A, Attin T, Krastl
G. Tooth discoloration induced by endodontic materials: A
laboratory study. Int EndodJ 2012; 45(10):942-949.

71. Vivan RR, Zapata RO, Zeferino MA, Bramante CM,
Bernardineli N, Garcia RB, Hungaro Duarte MA,
Tanomaru Filho M, Gomes de Moraes 1. Evaluation

Of the physical and chemical properties of two commercial
and three experimental root-end filling materials. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2010;
110(2):250-256.

72. Formosa LM, Mallia B, Camilleri J. A quantitative method
for detemining the antiwashoutcharacteristics of cement-
based dental materials including mineral trioxide aggregate.
Int Endod J2013;46(2):179-186.

73. Formosa LM, Mallia B, Bull T, Camilleri].The
microstructure and surfice morphology of radiopaque
tricalcium silicate cement exposed to different curing
conditions. Dent Mater2012; 28(5):584-595.

74. Massi S, Tanomaru-Filho M, Silva GF, Duarte M A,Grizzo
LT, Buzalaf MA, Guerreiro-T anomaruJM.Ph, calcium ion
release, and setting time of an experimental mineral
trioxide aggregate-based root canal sealer. J Endod 2011;
37(6):844-846.

75. Asgary S, Parirokh M, Eghbal MJ, Brink F. Chemical
differences between white and gray mineral trioxide
aggregate. J Endod 2005; 31(2):101-103.

76. Parirokh M, T orabinejad M. Mineral trioxide aggregate: A
comprehensive literature review—part 1i: Chemical,
physical, and antibacterial properties.] Endod 2010;
36(1):16-27.

77. Shahi S, Rahimi S, Hasan M, Shiezadeh V, Abdolrahimi
M. Sealing ability of mineral trioxide aggregate and
portland cement for furcal perforation repair: A protein
leakage study. J Oral Sci 2009; 51(4):601-606.

78. Fayazi S, Ostad SN, Razmi H. Effect of prorootmta,
portland cement, and amalgam on the expression of
fibronectin, collagen i, and taffeta by human periodontal
ligament fibroblasts in vitro. Indian J Dent Res 2011;
22(2):190-194.

79. D’Anto V, Di Caprio MP, Ametrano G, Simeone M,
Rengo S, Spagnuolo G. Effect of mineral trioxide



13210

Internatio nal Journal of Current Research, Vol. 12, Issue, 08, pp.13202-13210, Aug ust, 2020

aggregate on mesenchymal stem cells. J Endod 2010;
36(11):1839-1843.

80. Dreger LA, Felippe WT, Reyes-Carmona JF, Felippe GS,
Bortoluzzi EA, Felippe MC. Mineral trioxide aggregate
and Portland cement promote biomineralization in vivo. J
Endod 2012; 38(3):324-329.

81. Sakai VT, Moretti AB, Oliveira TM, Fornetti AP, Santos
CF, Machado MA, Abdo RC. Pulpotomy of human
primary molars with mta and Portland cement: A
randomised controlled trial. Br Dent J 2009; 207(3):E5;
discussion 128-129.

82. Borges AH, Pedro FL, Miranda CE, Semenoff- Segundo
A, Pecora JD, Filho AM. Comparative study of physico-
chemical properties of mta-based and Portland cements.
ActaOdontolLatinoam 2010; 23(3):175-181.

83. Saxena P, Gupta SK, Newaskar V. Biocompatibility of
root-end filling materials: Recent update. Restor Dent
Endod 2013; 38(3):119-127.

85. Leal F, De-Deus G, Brandao C, Luna AS, Fidel SR, Souza
EM. Comparison of the root-end seal provided by
bioceramic repair cements and white mta. Int Endod J
2011; 44(7):662-668.

86. Prati C, Gandolfi MG. Calcium silicate bioactive cements:
Biological perspectives and clinical applications. Dent
Mater 2015; 31(4):351-370.

87. Utneja S, Nawal RR, and Talwar S, Verma M. Current
perspectives of bio-ceramic technology in endodontics:
Calcium enriched mixture cement- review of its
composition, properties and applications. Restor Dent
Endod 2015; 40(1):1-13.

88. Jitaru S, Hodisan I, Timis L, Lucian A, Bud M.T he use of
bioceramics in endodontics — literature review. Clujul Med
2016; 89(4):470-473.

89. Jain P, Ranjan M. The rise of biocramics in endodontics: A
review. Int J Pharm Bio Sci 2015; 6(1):416-422.

sk sk skosk skok

84. LeGeros RZ. Calcium phosphate materials in restorative
dentistry: A review. Adv Dent Res 1988; 2(1):164-180.



