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ABSTRACT

Achieving good and predictable results in endodontic treatment relates to awareness 
in science, techniques, material and procedural skills. In vital pulp therapies, the main goal 
of the treatment is to maintain the vitality of the pulp, as a consequence, the chosen material 
must provide good sealing and stimulation to the pulp cells to repair it self. Whilst in necrotic 
pulp, particularly in cases with periapical disease, treatment emphasizes eliminating the 
source of infection by proper disinfection and creating a hermetic seal in the root canal to 
induce healing of the periapical tissue. To achieve these goals, endodontic treatment can 
not be separated from disinfection and repair materials that should have good antimicrobial 
activity, dimensional stability, good handling characteristics, adequate adherence ability to 
tooth structure to provide good seal, biocompatible and able to induce tissue repair. However, 
until this present time, no material available could meet the needs of all ideal dental material 
properties. Therefore, studies to provide better material are still on going.  Bioceramics 
has been a promising material widely used in medicine, combining biocompatibility and 
bioactivity. Recent delicate studies also suggested the use of bioceramics in dentistry, which 
has been promising in stimulating regeneration of broken tooth due to its biocompatibility 
and bioactive properties. This brief review will focus on advance improvements in dental 
materials particularly in endodontics using bioceramics including calcium hydroxide, mineral 
trioxide aggregates (MTA), Biodentine, iRoot SP, and BioAggregate that has been reported 
by laboratory and clinical studies to improve the quality of endodontic treatment. 
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INTRODUCTION

In recent years, the term bioceramics has been commonly mentioned in publications 
or even dental product advertising, with promising outcome for the used of these materials 
in medical and dentistry field. In medical and dental perspective, bioceramics, refers 
to all ceramic materials that are designed for used in medical and dental practice, this 
includes; alumina and zirconia, bioactive glass, glass ceramics, coatings and composites, 
hydroxyapatite and resorbable calcium phosphates.1,2 The superior properties of bioceramics 
are biocompatibility and the ability to conduct hard tissue formation, in other words, 
these materials have great tissue response and stimulates damaged mineralized tissue 
regeneration. The superior properties makes these materials remarkable to be applied in 
orthopedics applications such as artificial hip joint and bone reconstruction materials.3 In 
dentistry, bioceramics has been used as implant coatings and bone repair materials, more 
particular in endodontics, a wide range of application has been proposed from pulp capping 
materials, endodontic sealers, root end restoration material, to furcation or dentin repair 
materials. This review will present a brief discussion about bioceramics materials proposed 
in endodontics, from calcium hydroxide, MTA, Biodentin, iRoot SP, BioAggregate cements 
based on laboratory and clinical studies. 

Calcium hydroxide
In endodontics, calcium hydroxide is believed to be the most frequently material used 

in clinical practices for the past years. Its biocompatibility to dental tissue, antibacterial 
properties and its ability to stimulate hard tissue formation has been favorable properties to its 
used in endodontics. The liberation of hydroxyl and calcium ions was believed to be its basic 
mechanism of action leading to antibacterial effect (due it high pH) and activation of alkaline 
phosphates (ALP) involved in hard tissue formation.3 Hard tissue formation is initiated by 
an inflammation process in the superficial layer of the injured pulp, that leads to superficial 
necrosis that eventually leads to stimulation of the pulp cells to form a repair reaction.4, 5

Moving from the favorable properties of calcium hydroxide, studies also have 
reported some limitations of this compound including high solubility, degradation of material 
over time, weak dentinal barrier formation, poor adhesion property to tooth structure, and 
long uncontrolled chronic inflammation to the pulp.5,6,7 Lack of adhesion also lead to poor 
seal which contributes to failure of this material to act as a bacteriometic seal.6 Moderate 
inflammation with no dentinal bridge formation was also observed in human premolar after 
15 days capped with calcium hydroxide (Dycal) and most of the Dycal specimens showed 
incomplete bridge formation with more inflammation of the pulp tissue.7

In this present time, calcium hydroxide comes in different forms specifically designed 
for different purpose, an injectable calcium hydroxide commonly used for inter-appointment 
dressings in root canal treatment, a paste-paste form with base and catalyst to facilitate 
controlled setting reaction in pulp capping treatment, or in a combination with resin to be 
light cured and used as liners or pulp capping treatment.
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Mineral Trioxide Aggregate (MTA)
MTA is a multifunctional cement design for multipurpose in endodontics, namely for 

pulp capping materials, pulpotomy dressings, root end fillings, furcation repair materials, 
dentin repair materials and apexogenesis or apexification treatment. Since firstly introduced, 
MTA has been intensively investing by many studies, most studies concluded that this 
material shown good cell growth fibroblast, osteoblast like cells and pulp cells. A study 
on rat dental pulp cells also showed that MTA induced reparative dentin formation with 
minimum apoptosis compared to calcium hydroxide.9,10

Figure 1. Dentin bridge formation in rat molar at 14 days after direct pulp capping with MTA: H-E staining (a), 
immunohistochemistry of nestin (b), and osteopontin (c). (a) A thin layer of fibrous matrix (arrows) is followed by 
a dentin-like matrix (*) with tubular structures pulpally lined with odontoblast-like cells. (b) The odontoblast-like 

cells intensely express nestin, an intermediate filament expressed in differentiated odontoblasts. Their processes 
also show immunoreactivity for nestin in the tubular matrix (*). (c) Osteopontin immunoreactivity is detected in 

the superficial fibrous matrix (arrows), but not in tubular dentin-like matrix (*).8

Biodentine
Biodentine is a calcium silicate based material consists of tricalcium silicate, dicalcium 

silicate, calcium carbonate and oxide filler, iron oxide shade, and zirconium oxide. The liquid 
used for biodentin are composed of a hydrosoluble polymer and a calcium chloride as 
accelerator. This material is suitable for perforation repair, retrograde filling, pulp capping, 
and pulptomy dressings. The strength of this material compared to other bioceramics material 
such as MTA is the improvement in setting time, mechanical properties and radiopacities.11 
Shorter setting time is a favorable property especially in the used for retrograde filling and 
perforation repair, this was achieve by adding calcium chloride in the liquid.

Biodentine was proven to be biocompatible and highly bioactive.11,12 In a 6 weeks 
evaluation in human maxillary and mandibular intact molar, with deliberate mechanical pulp 
exposure and capped with biodentine, there was no inflammatory response and a complete 
dentinal bridge formation.13The ability of Biodentine to form reparative dentin could also be 
due to modulation of pulp cell TGF-β1 secretion. When implanted in subcutaneous tissue 
of rats, it exhibited moderate inflameation in the first 7 days, and mild or no inflammation 
after 14 days, the study concluded that biodentine was biocompatible with tissue after the 
14th day.12
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BioAggregate
BioAggregate is a fine nanoparticle size, material,  aluminum-free powder that is mixed 

with deionized water to form a bioceramic paste. The powder consists of SiO2 (13.70%), 
P2O5 (3.92%), CaO (63.50%), and Ta2O5 (17%), the latter was to improve the radioopacitiy 
of the material (tantalum oxide).14BioAggregate is indicated as pulp capping material, 
perforation repair as well as root-end fillings, where many in vivo reports concluded that 
BioAggregate are comparable to MTA.14,15,16

Figure 2. Effects of PMTA, BA, MMTA, and IRM on adhesion in HDPCs by MTT assay and SEM, 
respectively. An OS containing 50 mg/mL ascorbic acid and 10 mmol/L b-glycerophosphate was used 
as the positive control. Cells were incubated for 3, 7, and 14 days with the materials. SEM observation 

(original magnification, 1000) of HDPCs exposed to various materials was completed 2 days after 
incubation. Arrows indicate pulp cells. These data findings are representative of 3 independent 

experiments. Statistically significant difference compared with each group (P < 0.05).17

As for biocompatibility, on one study comparing BioAggregate (BA) to Micromega 
MTA (MMTA), ProRoot MTA (PMTA) and Intermediate Restorative Material (IRM) by using 
human dental pulp cells and concluded that the first three material exhibited equally good 
biocompatibility whereas IRM showed cytotoxicity (Figure 2).17 BioAggregate also increased 
the alkaline phosphatase activity, promote mineralization and enhance the expression of 
osteogenic/odontogenic markers (ALP, osteopontin, osteocalcin, dentin sialophosphoprotein 
and dentinal matrix protein-1.17,18 Collectively, the biocompatibility, odontogenic potentials, 
and inflammatory response of BioAggregate and MTA are equal. 17,18,19
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iRoot SP
iRoot SP is another bioceramics material similar to MTA, it composed mainly by 

calcium silicates. iRoot SP are injectable, biocompatible, hydrophilic, radiopaque and 
insoluble and indicated for root canal sealers.  In the presence of water, this material can 
generate calcium silicate hydrates and have highly alkaline pH which provide a detrimental 
environment for bacterial growth.  MTA and iRoot SP also induced human Tooth Germ 
Stem Cells (hTGSCs) to differentiate into odontoblast like cells, while calxiym hydroxide 
(Dycal) caused cytotoxicity.20 However according to the the same study, MTA provide more 
inductive potentiall and hard generate more hard tissuer deposition than iRoot SP.

Figure 3. Immunocytochemistry staining of (a) MTA and odontogenic medium-treated cells, (b) iRoot SP 
and odontogenic med- ium-treated cells, (c) odontogenic differentiation medium-treated cells (PC) and 

(d) undifferentiated hTGSCs (NC) with DSP and COL1A antibodies. Scale bar: 100 lm.20

CONCLUSION

The trend of biocompatible endodontics material has shifted from bioinert to bioactive 
and biodegradable materials in which the propose materials not only restore the broke 
part but also to stimulate the body itself to regenerate and fulfill acceptable physical and 
mechanical properties.
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