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ABSTRACT
Bioactive materials have been used in every field of dentistry and medicine. It gained popularity in the field of dentistry in the past two decades and have been in demand ever since. The aim of the review is to understand how  interactions take place at the material tissue interface, which gives rise to bioactivity of the material. This review  is an attempt to understand the  studies  which have been carried out by  researchers to understand the bioactivity of different dental materials and how  particular characteristic of bioactivity attribute to other characteristics of the dental materials.
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INTRODUCTION


Recently introduced materials mainly concentrate on the bioinductive activity. The  
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separately. Bioactive material is defined as a material that has the effect on or eliciting a response from living tissue, organisms or cell such as inducing the formation of hydroxyapatite. The bioinductive property is defined as the capability of a material for inducing a response in a biological system. Biomaterial is defined as any matter, surface or construct that interacts with biological systems. [1] Before the advent of bioactive materials, materials which were relatively biologically inert or did not elicit any biological response when coming in contact with oral tissues were considered as ideal for restoration. But with the rise and success of bioactive materials, this notion changed and there was an increasing attempt to understand the concept of bioactivity. Various interactions occur at the interface of bioactive material and tissue surface. There are various factors which make bioactive materials stand out from the rest of the restorative materials, which are their potential to start remineralisation of the tissue surface directly in contact with the material. They also have regenerative properties and lead to regeneration of bone and tooth surface. They are also effective in treatment of hypersensitivity of dentinal tubules by decreasing the permeability of dentine. They can act as pulp capping agents and also as final restorative material. Due to these characteristics, bioactive materials are considered a blessing for dentistry and have garnered a lot of interest.


CLASSIFICATION OF BIOACTIVE MATERIALS

Different bioactive materials differed on their mechanism of bonding, the strength of the bond, the time it took for the bond to establish, hence initially their classification was based on these parameters. In 1994, Hench introduced a new classification for bioactive materials [2].
Class A materials demonstrated osteoproductive qualities. The interface of these materials gave both intracellular as well as extracellular response. The definition of osteoproduction, as given by Wilson is “the process whereby a bioactive surface is colonized by osteogenetic stem cells free in defect environment as a result of surgical intervention.”[3]
Class B materials are osteoconductive in nature. The interface of osteoconductive materials is biocompatible along which migration of bone occurs. Therefore the interface of such materials only demonstrates extracellular response.
CALCIUM HYDROXIDE
Calcium Hydroxide was introduced by Herman in the year 1920 as a pulp capping agent [4]. It is highly alkaline and has a pH of about 12.5-12.8. Calcium hydroxide dissociates into Calcium ions and hydroxyl ions.Calcium ions lead to reduction in permeability of capillaries, which in turn causes reduced flow of serum. Due to reduction in the inflow of serum, the amount of inhibitory pyrophosphates is reduced and thus mineralization begins to start at the site.
The alkaline nature of hydroxyl ions would neutralize the acid produced by osteoclasts. This leads to increase in pH and provides a favourable environment for the activity of pyrophosphatase. Hence, this results in the increase in amount of pyrophosphatase, which are also dependent on Calcium ions. The end result would be reduced amount of inhibitory pyrophosphates, leading to mineralization.[5]
MINERAL TRIOXIDE AGGREGATE (MTA)
MTA introduced by Torabinejad in 1990. It’s a bioactive material that is mainly composed of calcium and silicate. It constitutes of three powder ingredients which are mixed mechanically to form MTA. Powder ingredients are Portland cement, which is the major constituent and forms 75% of the mixture, bismuth oxide, which accounts for 20% of the mixture followed by gypsum which is 5% of the mixture.[6] The main constituent of this mixture is Portland cement, which is formed by dicalcium and tricalcium silicates, tricalcium aluminate and tetracalciumaluminoferrite.
According to a study  carried out by Sarkar et al [7] to determine the physicochemical reactions of MTA. This study concluded that MTA has two peculiar characteristics, which are its sealing ability and biocompatibility.One of the interesting findings of the study was the presence of a peculiar interfacial layer which formed in close relation to MTA[7]. This layer was initially thought to be made of Calcite as it had Calcium and carbonate [8].  But the large proportion of phosphate ions as compared to carbonate, strongly suggested the structure to be madeof hydroxyapatite crystals rather than calcite [9]. The presence of the hydroxyapatite crystals plays a major role in the bioactivity of MTA since hydroxyapatite crystals release calcium and phosphate ions and both are important factors in the metabolism of bone [7].
It is a material of choice for procedures like root canal filling, root end filling, root perforation repair, as pulp capping agent, for pulpotomy, for the purpose of formation of apical barrier in necrotic pulps and open apexes.[10,11]
BIODENTINE
Biodentine is made up of tricalcium silicate which is highly purified in nature and also contains minute proportions of dicalcium silicate, calcium carbonate and radiopaque material. The setting time of Biodentine is 12 minutes which is very less as compared to the setting time of MTA which is 3-4 hours [12]
According to Atmeh et al demonstrated an interfacial layer. This layer lies just below the cement and fluorophores leaching from the cement are found in abundance in this layer. This layer is named as Mineral Infiltration Zone (MIZ) and demonstrated a change in the optical properties and structure of the interfacial dentin [12]. The Mineral Infiltration Zone is formed by a two step mechanism attributing to release of Calcium hydroxide from the cement. The first step leads to caustic degradation responsible for etching on the surface. This degradation is caused due to highly alkaline nature of calcium hydroxide and leads to breakdown of collagen fibril proteins. The next step is diffusion of minerals which occurs when collagen fibril bonds are broken down, their water absorption increases and causes swelling in this layer [13, 14].
BIOAGGREGATE AND iRooT BP Plus
Bioaggregate and iRoot BP are Calcium silicate materials but Bioaggregate is available as powder and liquid form, iRoot BP is available in paste and putty form. The use of iRoot BP in the form of injectable root repair material and Bioaggregate finds its application in pulp capping, apexification, root perforation and root end filling material [15].
According to a study carried out by Zhang et al, proliferation of human dental pulp cells, under the effect of Bioaggregate and iRoot BP was evaluated. Alkaline Phosphatase is present in the early differentiation stage and plays a crucial role in deposition of mineral [16]. Osteoblasts, Odontoblasts and cementoblasts on maturation secrete OsteoCalcin [17], hence the presence of Osteocalcin signals towards hard tissue regeneration [18]. To confirm the odontoblastic differentiation of BioAggregate and iRoot BP, Dentine Sialophosphoprotein and Dentin Matrix Protein-1  were selected. The reason for their selection was that Dentin Sialophosphoprotein is one such protein (non-collagenous), which contributes in mineralization of dentine [19] and it is expressed very well in odontoblasts [20], whereas it is hardly present in bone and kidney tissues [21]. The reason for selection of Dentin Matrix Protein-1 is its specificity for dentine [22] and has been found to regulate mineralization of dentine[23]. The reason for non-selection of Alkaline Phosphatase and Osteoclacin for evaluating odontoblastic differentiation of Bioaggregate and iRoot BP is that they are not odontoblast specific. Hence, the presence of Dentine Sialophosphoprotein and Dentin Matrix Protein-1 signal towards mature odontoblasts.They concluded that when human dental pulp cells come in direct contact with BioAggregate and iRoot BP, they demonstrate higher ability of mineralization as compared to MTA. Moreover, they also show better predictable gene expression related to odontoblast, as compared to MTA. Better mineralization ability  and odontoblast related gene expression are instrumental in reparative dentine formation [24].
ENDOSEQUENCE ROOT REPAIR MATERIAL (ERRM)
Thebioceramic material is composed of calcium silicate, oxides of zirconium and tantalum, calcium phosphate and filler agents. It is available in both putty form as well as paste form [25].
According to a study  byShokouhinijad et al to evaluate the bioactivity of Endosequence Root Repair Material, BioAggregate and MTA. ERRM was immersed in Phosphate Buffered Saline  and after 1 week, small particles were found distributed in this amorphous matrix. ERRM has calcium phosphate and calcium silicate in its composition and due to its availability in putty form, it also has fillers and thickening agents. All of these are responsible for varying surface morphology of ERRM, which changed even more drastically by increasing the immersion time in Phosphate Buffered Saline. It demonstrated the presence of apatite crystals on its surface. The presence of apatite crystals was also seen at the interface (of ERRM and dentine). These crystals were mainly composed of Ca, P and O [25].

CERAMIR CROWN AND BRIDGE (C&B)

Ceramir C&B is a luting agent, which is bioceramic in nature. It was prepared by Doxa Dental AB, Sweden. The composition of this material consists of Calcium Aluminate cement and Glass Ionomer Cement [26]. It is used as a luting agent for prosthesis like fixed partial dentures, permanent crowns, prefabricated metal and cast dowel and cores, for inlays and onlays of gold [27, 28].

The Calcium aluminate in the cement comes in contact with water and two end products known as gibbsite and katoite are formed, which are known to remarkably raise the pH of the surrounding environment to as high as 11. When phosphate and carbonate ions from the body fluids come in contact with the surface of Calcium aluminate, they form precipitates of calcium carbonate and calcium phosphate on the surface. The result is increase in mineral density at the interface of material and tooth, hence initiating the process of mineralization [29]. The presence of Phosphate ions on the tooth surface is a prerequisite for a layer of hydroxyapatite to precipitate at interfacial layer. The material also has the presence of glass ionomer cement and Strontium and Phosphate ions are a part of GIC. The presence of strontium is responsible for variation in the morphology of precipitated layer, resulting in the formation of strontium substituted hydroxyapatite crystals [30].  The growth of hydroxyapatite on the interfacial surface is attributed to few reasons such as negative charge of the material surface, the low solubility of hydroxyapatite, the highly alkaline pH of the environment and the presence of  Calcium,Carbonate and Phosphate ions in the environment. Hence, it can be concluded Ceramir C&B, composed of Calcium aluminate cement, provides a good environment for the growth of hydoxyapatite crystals and is thus bioactive in nature [31].

THERACAL

It is made up of a single paste which has Oxide and silicate particles of Calcium, sulphates and zirconate of Barium, Strontium glass, silica and resin containing BISGMA and PEGDMA [32]. The leaching of Calcium ions from the material is responsible for initiating the process of mineralization as Calcium ions play a significant role in mineralization [33] and catalyze the differentiation of osteoblasts [34].

CONCLUSION

Bioactive materials can be considered as boon to dentistry because of its regeneration potential. After  understanding the reason for bioactivity of  materials, it can be safely concluded that the use of these materials in various indications such as pulp capping, root end filling, root perforation repair, apexification, for pulpotomy, can all be attributed to bioactive nature of these materials. These materials are increasingly finding their usage as liners/bases and as luting agents. The attempts are now towards to continuously increase the strength of these materials to widen their spectrum of usage.
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