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ABSTRACT

Paediatric Dentistry has witnessed significant changes in the materials used in pulp therapy in recent years. Bioceramic materials
have been considered as the dawn of a new era in dentistry. The introduction of these materials into pulp therapy as mineralising
materials has brought about enormous productive changes. Bioaggregate (BA) is a newly introduced nanoparticle-sized bioceramic
material produced as an alternative to Mineral Trioxide Aggregate (MTA), aiming to overcome the disadvantages of the material. In-
vitro studies and a few clinical studies have demonstrated its biocompatibility and other properties, establishing it as an alternative
to MTA and expanding its clinical applications. The aim of the present narrative review is to provide insight into the properties of

BA, considering its scope in Paediatric dentistry.
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INTRODUCTION

Bioceramics are one of the oldest synthetic materials based on
natural resources whose properties have been considered very
attractive in the fields of both medicine and dentistry. Bioceramics
are considered exceedingly biocompatible, non toxic materials that
are chemically stable within the biological environment. Another
advantage of the material is its ability to form hydroxyapatite during
its setting reaction, thereby creating a chemical bond with dentin [1].

Various bioactive glasses and glass ceramics are available and
used in dentistry under different trade names. Several calcium
silicate materials, such as MTA, Biodentine and BA, are also used in
dentistry as root repair materials and for apical retrofills [1,2]. MTA,
a bioceramic material, has a few limitations such as long setting
time, manipulation difficulty, high cost and tooth discolouration. BA
was introduced as an alternative to MTA to overcome its limitations.
It contains additives similar to MTA, such as silicon dioxide and
calcium phosphate, but does not contain bismuth oxide or aluminum
oxide [3]. Although the properties of BA have been proven to be
comparable and superior to MTA in many in-vitro studies [1,4,5],
there are still only a handful of in-vivo reports.

Bioaggregate (BA)

The BA, a new generation bioceramic material, is the first
nanoparticulate material that has properties similar to MTA [6]. It is
produced as a pure and fine white hydraulic cement-like powder
containing contamination-free ceramic nanoparticles [4]. The material
was first manufactured by Innovative Bioceramics in Vancouver,
Canada [1] and is also manufactured by Diadent under the brand
name Diaroot. The composition of BA is given in [Table/Fig-1] [5,7].

Energy Dispersive Analysis (EDS) of the material shows homogeneous
aggregates of small, round particles made up of calcium, silicon, and
tantalum. BA does not contain bismuth as a radiopacifier [8].

Setting Reaction

The material should be mixed according to the instructions given
by the manufacturer. The powder-liquid ratio is one vial of liquid,
which is the exact volume needed to dissolve 1 gram of powder
(0.38 mL). Adding excessive liquid to the powder may alter the
setting time and properties of the material [7]. To begin the mixing
process, dispense one pouch of powder into the mixing cup, and
then dispense one vial of liquid into the powder. Gradually incorporate
the liquid into the powder using a spatula for approximately two
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Composition Properties

Tricalcium silicate | It serves as a key structural element; and offers
hardness, strength, and sealing properties of set

cement.

Dicalcium silicate

Calcium hydroxide It acts as a hydration product of calcium silicates

{Ca(OH),} (Less .
than MTA) and is structurally weak.
Amorphous It actively eliminates some of the Ca(OH), that was
Powder | Silicone dioxide being used to hydrate and set calcium silicates.
Reacts by removing some of the Ca(OH), that
Hyvdroxvapatite was added to calcium silicates to set them. The
4 yap calcium silicate hydrogen is strengthened by highly
distributed in-situ precipitation.
Caloium phosphate Adjusts its hydrate setting [5].
monobasic
Tantalum oxide Provides radiopacity.
Liquid Deionised water

[Table/Fig-1]: Composition of Bioaggregate (BA) [5,7].

minutes or until all the particles are hydrated and the mixture
resembles a thick paste.

The mixing time of the material is two minutes, the working time
is five minutes, and the setting time of the material is four hours
[7]. If needed, the mixture can be covered with a moist gauze
sponge while unattended in order to increase the working time
and retard the dehydration process [7]. After the addition of liquid
to the powder, calcium silicate hydrate and calcium hydroxide are
produced from the tricalcium silicate. Calcium silicate hydrate forms
around the cement grains as a result of the reaction between calcium
hydroxide and silicon dioxide. Consequently, the amount of calcium
hydroxide in the aged cement decreases [9]. The final product
formed in the reaction will be the nano-composite network of gel-
like calcium silicate hydrate mixed intimately with the hydroxyapatite
bioceramic [10]. Tantalum oxide is an inert material and does not
leach out in solution. BA exhibits early high calcium ion release,
which is maintained over a 28-day period but decreases as the
material ages [9].

PROPERTIES OF BIOAGGREGATE (BA)

The properties of Bioaggregate (BA) are discussed below:

Colour Stability
Tooth discolouration has been a concern in cases involving Mineral
Trioxide Aggregate (MTA) due to its metal oxide content. In contrast,
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BA contains tantalum oxide as a radiopacifier. In a clinical pilot study
conducted by Tuloglu N and Bayrak S it was found that approximately
15.39% of teeth treated with MTA showed coronal discolouration,
while none of the teeth treated with BA exhibited discolouration
[11]. The absence of bismuth oxide in BA explains the significant
difference in colour stability compared to MTA [12]. Furthermore, a
study by Caliskan S et al., reported no coronal discolouration when
using BA as a partial pulpotomy material for fractured teeth with
incomplete apex formation [1].

Antibacterial Activity

The BA is known to exhibit antibacterial activity. Zhang H et al.,
demonstrated in their in-vitro study that BA has antibacterial activity
comparable to that of MTA. They observed a significant decrease
in bacterial viability within six minutes. The antibacterial activity is
attributed to the increase in pH resulting from the dissociation of
calcium hydroxide [5].

Biocompatibility

The BA has demonstrated biocompatibility similar to that of MTA, as
shown by various in-vitro studies. In an in-vitro study conducted by
Yan P et al., BA was found to be biocompatible and promoted the
development of human Periodontal Ligament (PDL) fibroblasts by
promoting the expression of the genes for alkaline phosphatase (ALP)
and type | collagen [13]. Another study by Jang YE et al., compared the
cytotoxicity of MTA, BA and biodentine. The results indicated that both
BA and MTA did not exhibit any cytotoxic effects on human periodontal
ligament fibroblasts, whereas Biodentine showed higher cytotoxicity
[14]. Zhu L et al., in their in-vitro study, stated that Bioaggregate
exhibited excellent cytocompatibility and facilitated cellular adhesion,
migration, and attachment of Human Dental Pulp Cell (HDPC).
Therefore, BA can be considered a suitable alternative to MTA [4].

Bioactivity

A small controversy exists regarding the bioactivity of BA. Camilleri J
et al., conducted a study comparing the properties of MTA angelus
and BA. Their findings demonstrated that BA exhibited early high
calcium ion release, but after 28 days of hydration, the absence of
calcium hydroxide was observed. As a result, they concluded that
the absence of calcium ions negatively influences the bioactivity of
the material [15]. However, other in-vitro studies on the bioactivity of
BA provide positive reviews of the material.

Yuan Z et al., concluded in their study that BA showed non toxicity
to osteoblast cells and promoted the production of genes related
to mineralisation in osteoblast cells when used as a biomaterial
for root-end filling. The exact mechanism by which BA influences
mineralisation-related gene expression is not well known, but it
has been suggested that this effect may be due to the presence
of hydroxyapatite in BA [16]. Lee BN et al., also supported these
findings in their in-vitro study and concluded that the messenger
Ribonucleic Acid (RNA) level of osteogenic genes significantly
increased in both the MTA and BA groups [17].

Jung JY et al.,, demonstrated in their study that BA stimulated
odontoblastic differentiation and mineralisation nodule formation by
activating the Mitogen-activated Protein Kinases (MAPK) pathway,
similar to MTA and Biodentine [18]. Chang SW et al., confirmed
these findings in their study as well [19]. MAPKs are essential
components for numerous physiological processes, including cell
development, proliferation, differentiation, and death. Therefore,
Jung JY et al., recommended the use of BA as a pulp capping agent,
as it stimulates reparative odontogenesis from injured dental pulp
tissue [18]. Shokouhinejad N et al., studied the bioactivity of MTA,
Endosequence Root Repair Material (ERRM), and BA by exposing
them to simulated tissue fluid, which resulted in the precipitation of
apatite crystals. While all the materials exhibited crystallisation of
apatite after two months on their surface and at the dentin-material
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interface, Scanning Electron Microscopy (SEM) analysis showed
that BA and ERRM formed uniform and homogeneous mature
apatite-like spherical aggregates, in contrast to MTA, which had
agglomerates of large and small particles [20].

Fracture Resistance

Tuna EB et al., conducted an investigation and found that when
BA was used for root filling in immature teeth, it resulted in superior
fracture resistance compared to ProRoot MTA [21]. However,
Bayram E et al., observed in their study that there was no significant
difference in the fracture resistance among MTA, BA and Biodentine
materials [22]. Therefore, BA can be considered for reinforcing the
root of immature teeth.

Bond Strength

Majeed A and AlShwaimi E conducted a comparison of the push-
out bond strength among calcium silicate-based cements, including
BA, ProRoot MTA, and Biodentine. Their conclusion was that BA
exhibited significantly lower bond strength compared to ProRoot
MTA and Biodentine [23]. Amin SA and Gawdat S| conducted a
study comparing the retention of BA and MTA when used as coronal
plugs after the application of different intracanal medicaments in
regenerative endodontics. The conclusion was that the retention
of MTA was better than BA, regardless of the type of intracanal
medicament used, and the failure mode of BA was more likely to
be cohesive [24]. Shokouhinejad N et al., compared the push-out
bond strength of BA and ERRM. The conclusion was that the bond
strength of ERRM was significantly higher than that of BA and MTA.
Additionally, it was noted that the failure mode of BA was both
cohesive and adhesive [25].

Porosity

Camilleri J et al., conducted a study to evaluate the porosity and
root dentin to material interface of Biodentine, BA, Intermediate
Restorative Material (IRM) and a prototype radiopacified tricalcium
silicate cement under dry and moist conditions. The results showed
that Biodentine exhibited the least porosity (13%), while BA had
36% porosity. The pore diameters in all the materials were less
than 0.05 ym. The study also concluded that although BA had high
porosity, it was less susceptible to the negative effects of various
environmental factors [26]. According to Chang SW, the root dentin
to material interface in BA showed the highest porosity, but there were
relatively few macroscopic and microscopic alterations observed [8].

Leakage Resistance

Memis OzgUll B et al., conducted a study to compare the resistance
to leakage of different thicknesses of 4 mm-thick White MTA (WMTA)
and BA using the fluid filtration method. The study demonstrated
that root filling with a 12 mm thick BA provided superior sealing
ability compared to 2 mm and 4 mm BA and 4 mm WMTA apical
plugs. The results also indicated similar sealing properties between
2 mm and 4 mm BA and 4 mm WMTA. BA may be considered
a viable material for use in trauma-induced endodontic treatment
of teeth with immature apices due to its demonstrated superior
biocompatibility compared to MTA, good biomineralisation, and
sealing capacity [27].

Leal F et al., conducted a study to compare the root canal sealing
properties of Ceramicrete, BA, and white ProRoot MTA by assessing
glucose leakage through the aforementioned fillings. The study
concluded that Ceramicrete exhibited better leakage resistance
compared to BA, while both MTA and BA displayed similar leakage.
The presence of hydroxyapatite in BA is attributed to its sealing
ability [28].

Acid Resistance
Akinci L et al.,, conducted an in-vitro study to investigate the
influence of low pH on MTA, BA, and Biodentine, with the purpose
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of evaluating their potential usage as perforation repair or root
repair materials. The study found that all the materials experienced
high volume loss when exposed to an acidic environment, with
Biodentine showing the highest volume loss among them. The
change in volume and porosity of BA, when exposed to an acidic
environment, was comparable to that of MTA [29].

Hashem AAR and Amin SAW conducted an in-vitro study to
compare the dislodgement resistance of BA and MTA when used
as perforation repair materials in an acidic environment. The study
concluded that calcium hydroxide, being the weakest link, is
more susceptible to chemical attack when exposed to an acidic
environment. Compared to MTA, BA exhibited greater resistance
to acid attack due to the lower content of calcium hydroxide.
However, despite the negative effects of an acidic environment
on MTA, MTA still outperformed BA in terms of retention [30]. The
authors recommended caution when restoring an endodontically
treated tooth with furcation perforations repaired using BA and
MTA in contact with acidic chemicals or inflamed tissues in the pulp
chamber [30].

CLINICAL STUDIES

Caliskan S et al., compiled eight case reports in which BA was used
for various procedures such as pulpotomy, partial pulpotomy, root
resorption repair, artificial apical barrier construction in permanent
teeth, root canal treatment in permanent teeth, treatment of dens
in dente, and pulpectomy in primary teeth with congenitally missing
succedaneous teeth. All treated teeth were observed for 24 months,
and no clinical symptoms or radiographic pathologies were observed
in any of the cases [1].

Tuloglu N and Bayrak S compiled three case reports of complicated
crown fractures in immature permanent teeth where BA was used
for partial pulpotomy. All three cases were observed for 24 months,
and no clinical symptoms or radiographic pathologies were
observed. Ongoing root development was observed radiographically,
and no crown discolouration was seen. Therefore, BA can be
considered a suitable alternative to MTA [31]. Tuloglu N and Bayrak
S conducted a pilot study to compare and evaluate the use of MTA
and BA as apical barrier materials in children with traumatised non
vital, immature permanent maxillary incisors, in terms of their clinical
and radiological success. Over the 24-month follow-up period, all
teeth treated with MTA and BA showed clinical and radiographic
success. It was concluded that BA could be used as a potential
substitute for MTA [11].

A comparison between the properties of MTA and BA is provided in
[Table/Fig-2] [1,5,11-14,20,21,23,24,27].

Properties MTA Bioaggregate (BA)

Tooth discolouration evident
in several studies

Colour stability

[1,11,12] No tooth discolouration

Antibacterial activity with
decrease in bacterial viability
is seen

Antibacterial
activity [5]

Antibacterial activity comparable
to MTA

Bioaggregate (BA) shows no
cytotoxic effect compared to
MTA and Biodentine

Biocompatibility

[13,14] No cytotoxic effect

Agglomerates of large and
small particles

Uniform and homogenous mature

Bioactivity [20] apatite-like spherical aggregates

Fracture
resistance [21]

ProRoot MTA fractured easily
when used for root filling

Bioaggregate (BA) showed
superior fracture resistance

Least bond strength compared

Higher bond strength to Biodentine and MTA

Bond strength

(23,24] Superior retention when used .
Poor retention
as a coronal plug
Leakage Inferior sealing ability with Root filing with 12 mm thick

Bioaggregate (BA) provides

resistance [27] superior sealing ability

4 mm thick apical plug

[Table/Fig-2]: Comparison between the properties of MTA and Bioaggregate (BA)

[1,5,11-14,20,21,23,24,27].
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CONCLUSION(S)

In conclusion, based on several in-vitro studies, a few clinical studies
and case reports on BA, it could be considered a suitable alternative
to other calcium silicate-based materials for the management
of deep carious lesions and endodontic procedures. However,
further clinical studies and research is needed, especially in the
field of Paediatric dentistry, to establish the efficacy of this material
compared to other bioceramic materials.
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