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ABSTRACT
The concept of “regenerative endodontics”, adopted by the American Association of Endodontics in 2007, was to an appreciable extent connected with introducing bioactive materials, such as Biodentine™, to dental treatment. The use of Biodentine™ has quickly become a widespread practice in dentistry and is commonly used in the biological treatment of pulp. The aim of the present article is the literature review concerning the use of Biodentine™ in dental practice and its specific characteristics on the basis of the latest scientific knowledge.
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INTRODUCTION
For many years now, bioactive materials have been successfully used in various dental procedures. Introducing these materials marked a tremendous advancement in endodontic treatment. The bioceramics used in dentistry are classified as bioinert, bioactive and biodegradable materials. The shared feature of these ceramic materials is that they are specially developed to perform the intended function; they act as a root canal sealant, cements, and materials used for root treatment and filling. Moreover, the said materials can be used in cases of pulp exposure due to injury, caries or other mechanical causes in the form of direct pulp capping [1].
Generally, bioceramic materials are biocompatible ceramic compounds obtained both in situ and in vivo in various chemical processes. They show superior biocompatible properties owing to the features shared with biological hydroxyapatite. During hydration, bioceramics produces numerous compounds, e.g. hydroxyapatite which has the ability to induce regenerative reactions in the human body. At contact with bone, mineral hydroxyapatite shows osteoconductive properties which leads to bone formation at a phase boundary. Additionally, bioceramics have the internal capability of oseoinduction due to their reported ability to absorb osteoinductive substances near bone healing site [1]. Bioceramic materials are biocompatible and have antibacterial properties. The latter are the result of precipitation in situ following the material setting time, thus leading to bacteria sequestration. The said materials form porous powders containing nanocrystals of 1-3 nm in diameter which prevent bacterial adhesion. At times, fluoride ions are the constituents of apatite crystal, and the resulting nanomaterial has antibacterial properties. Moreover, bioceramics can be used jointly with synthetic hydroxyapatite [1,2]. In the field of biomedical therapeutic materials, distinguishable is the concept of tissue engineering with respect to establishing procedures and materials, such as Biodentine, aimed at replacing injured tissues with those newly developed. This is conducted according to the principles of cell and molecular biology and the main objective is “finding the biological solutions to biological problems” [2]. 
The aim of the present article is literature review concerning the bioactive material Biodentine™ currently used in dental practice and its specific characteristics.
BIODENTINE™ - COMPOSITION AND PROPERTIES
Biodentine™ with Active Biosilicate Technology was announced by dental materials manufacturer Septodont (developed by Septodont research group Saint Maur des Fsses, France) in September 2010 and was made available in January 2011 [3]. Biodentine™ is a two-component material; the powder component primarily consists of tricalcium silicate (3CaO•SiO2), dicalcium silicate (2CaO•SiO2) and calcium carbonate (CaCO3). Zirconium dioxide (ZrO2) is a contrast medium. The liquid consists of calcium chloride (CaCl2•2H2O) which is used as a setting accelerator and water-reducing agent in aqueous solution with an admixture of polycarboxylate (i.e., a superplasting agent) [4]. Mixing is achieved by using an amalgamator for 30 s at 4000–4200 rpm. The manufacturer has specified the powder to liquid ratio. This allows practitioners to achieve a reproducible material with optimum properties. According to the manufacturer, the initial setting time is about 12min [4]. Setting reaction of Biodentine: The reaction of the powder with the liquid leads to setting and hardening of the cement. Immediately after mixing, the calcium silicate particles of Biodentine react with water to form a high pH solution containing Ca2+, OH- and silicate ions. The hydration of the tricalcium silicate leads to the formation of a hydrated calcium silicate gel on the cement particles and calcium hydroxide nucleates. With the passage of time, calcium silicate hydrated gel polymerizes to form a solid network and the alkalinity of the surrounding medium increases due to the release of calcium hydroxide ions. The hydrated calcium silicate gel surrounds the unreacted tricalcium silicate particles and due to its relatively impermeable nature to water, it helps to slow down the effects of further reactions [5]. Biodentine causes deposition of amorphous calcium phosphate interfacial layer with radicular dentine. Bioactive glass addition to BiodentineTM led to pronounced formation of apatite. Where the bioactive glass contained fluoride, fluorapatite and fluoride ion release were demonstrated [6]. Additionally, Biodentine™ shows odontotropic properties, it stimulates the development of reactive and reparative dentine and thus contributes to maintaining proper sensibility of the dental pulp [7,8,9]. Therefore, Biodentine is successfully being used in regenerative procedures, the treatment goal of which is to induce biological replacement of lost dental tissue(s). Many of these procedures have emerged from the growing field of tissue engineering. Regenerative endodontics, such as pulp revascularization, has been defined as biologically based procedures designed to replace damaged structures, such as dentine, root structures and cells of the pulp-dentin complex. Pulp revascularization has been widely performed for the treatment of immature permanent teeth with necrotic pulps and established apical periodontitis. Successful cases exhibited thickening of the canal walls, closure of root apices and continued root development [10]. In vivo studies have reported that Biodentine exhibits low cytotoxicity in cultures of osteoblasts [11]. In pulp tissue, Biodentine induces cell proliferation and expression of dentine sialoprotein and osteopontin [12]. In comparison to new pulp-capping materials MTA Repair HP and NeoMTA Plus, Biodentine showed higher rates of proliferation of the Human dental pulp stem cells (hDPSCs) in time-dependent manner. Additionally, Biodentine shows a degree of cytocompatibility with hDPSCs and good cell migration rates [13]. 
Biodentine stimulates the formation and mineralisation of tissue barrier in the dental pulp following pulpotomy [14]. Apart from the chemical parameters of Biodentine™, equally important is its so-called biocompatibility since, from the clinician’s perspective, every material used to fill a tooth, even those showing the optimal chemical parameters, is in fact a foreign body [7]. The host’s response to substances released by biomaterials interferes with the intensity and duration of the inflammatory process. The regression of the inflammatory process, accompanied by formation of collagen-rich capsules surrounding implanted materials, is indicative of biocompatibility [15]. 
Specific properties of Biodentine making it favourable for use as dentine substitute include an elastic modulus of 22.0 GPa – similar to that of dentine which is around 18.5GPa; compressive strength of about 220 MPa which is comparable to the average for dentine of 290 MPa, microhardness of Biodentine at 60 HVN – the same as that of natural dentine. Biodentine is a promising restorative material (increased compressive strength, pushout bond strength, density, and porosity), offering lower cost and better handling properties allowing it to be sculpted into the desired form within its adequate setting time. It also possesses high wash out, low fluid uptake and resorption values, as well as superior mechanical properties [16]. However, Biodentine does not satisfy the requirements to be used as an ideal core material [17]. Complete root canal obturation with Biodentine has shown a significantly higher fracture resistance (P < 0.05) when compared to only apexification with Biodentine [18]. The bond strength between calcium silicate-based and restorative materials is one of the main factors for the success of restoration. The results by Tulumbaci et al. 2017 displayed that although Biodentine indeed has many advantages over MTA; it was MTA that has shown better shear bond strength to compomer and composite resin materials than Biodentine [19]. 
THE USE OF BIODENTINE™ W DIRECT PULP CAPPING AND PULPOTOMY
Direct pulp capping is a procedure in which a medication, dressing, or dental material is placed directly over the exposed dental pulp to preserve its vitality. However, it must be emphasized that the success of vital pulp therapy depends on the complete removal of the disintegrated tissue, and controlling infection is crucial for the success of the procedure. The dentine-bridge formation is a key for final healing and long-term success as it protects the exposed pulp from further attacks of oral bacteria that may result in pulp degeneration, atrophy, and shrinkage [20]. Inducing reparative tertiary dentine formation by pulp cells has been widely accepted as the ultimate goal of using capping material. [21]. For many decades, calcium hydroxide was the material of choice among the various available pulp-capping agents [4]. However, there are shortcomings when using this material such as its dissolution in tissue fluids and degradation on tooth flexure, the formation of tunnel defects beneath dentine bridges, and poor sealing. The use of calcium silicate-based cements (biomaterials with calcium oxide and carbonate filler additives) in dentistry is now a method of choice for developing dentine bridge in direct pulp capping [21]. Studies have shown that mineral trioxide aggregate (MTA) may be used as an alternative to Ca(OH)2 for treating pulp wounds. MTA stimulates formation of dentine bridges faster than calcium hydroxide. However, MTA is reportedly difficult to use because of its long setting time, poor handling properties, high material costs and the discoloration potential of dental tissue. Biodentine presents adequate biological response in vivo, similar to MTA [9]. Particles of Biodentine were entrapped in the newly formed foci, and mineralization appeared as osteodentin, suggesting that the physicochemical properties of the material might promote the mineralization process as shown with MTA-based cements. Stimulation of cell proliferation and differentiation might be related to the tricalcium silicate itself, which is one of the main components of Biodentine, and the presence of both calcium and silicon ions [8]. Moreover, the use of 3% sodium hypochlorite to control haemorrhage provides an additional advantage of disinfection and the placement of a well-sealed restoration immediately after pulp capping and provides protection against ongoing leakage and bacterial contamination that can compromise the success of the pulp capping [4]. The success of the treatment is unaffected by parameters such as sex, initial or secondary caries treatment, occlusal or cervical caries localization, delayed placement of permanent filling, tooth position, and arch type. However, the patients’ age did influence the outcome. A success rate is higher in younger patients as compared to older patients [4]. In comparison with Biodentine, MTA placement is more time consuming and technically difficult, although it is necessary to use a dental triturator for the preparation of Biodentine. On the other hand, MTA does not require any additional equipment [8]. Biodentine appears to be a suitable material for direct pulp capping under clinical conditions. However, long-term follow-up studies and controlled trials involving a large sample size are warranted [3]. 
There are reports on the use of Biodentine in pulpotomy procedures. Pulpotomy is a therapy that involves the removal of the pulp from the pulp chamber of the primary tooth without the removal of the canal pulp, as well as the application of medication at the entrance of the root canal to fix or stimulate the repair of the vital remaining pulp [22] . Pulpotomy is indicated in cases of exposed vital pulps by the caries process, by accident during cavity preparation, or as a result of injury and fracture of the tooth in primary teeth. However, it is not indicated for primary teeth with internal resorption, furcal perforation, insufficient root structure, and periradicular pathosis that may alter permanent successor eruption [22]. Preserving pulp vitality after carious or traumatic injuries remains a challenge in immature permanent teeth because this vitality is important for complete root formation. To this end, vital pulp therapy should be considered in teeth with reversible injury [23]. 
Vital pulpotomy treatment of primary teeth is performed when caries removal procedure results in either mechanical or carious exposure with the presence of a healthy radicular pulp [24]. Full pulpotomy using Biodentine appears to have a high success rate in young permanent teeth with carious exposure and could be considered as an alternative to root canal treatment in vital cases [23,25]. investigated human Pulp responses to partial pulpotomy treatment with Biodentine and ProRoot MTA. In both groups, ProRoot MTA and Biodentine, the complete dentine bridge was developed by differentiated cells similar to odontoblasts. The dentine bridge developed in teeth using Biodentine was thicker than in those on which MTA was used [23]. Biodentine shows characteristics similar to natural dentine and enables the stimulation of growth factors that activated entineogenesis and differentiation of odontoblasts. It has been stated that biodentine has bioactive properties, encourages hard tissue regeneration, and provokes no signs of moderate or severe pulp inflammation response [22]. However, beyond the clinical results, biodentine has disadvantages such as higher costs and longer setting time as compared with calcium hydroxide. Clinical and radiographic evaluations should be performed carefully by the paediatric dentist to achieve correct diagnosis and both materials (calcium hydroxide and biodentine) can be used successfully for pulpotomy in primary molars [22].
Full pulpotomy using Biodentine was a successful treatment option for cariously exposed pulps in mature permanent molar teeth with clinical signs and symptoms indicative of irreversible pulpitis, up to 1 year. Clinical signs and symptoms indicative of partial irreversible pulpitis are not a contraindication and full pulpotomy might be considered as an alternative treatment approach to root canal treatment [25].
THE USE OF BIODENTINE™ IN ROOT PERFORATION REPAIR
Biodentine is also used for sealing root perforation. Furcation perforations are iatrogenic artificial communications between the pulp chamber and the periodontal ligament. This is one of the most usual complications of the endodontic treatment. When a pulp chamber floor perforation occurs, the periodontal ligament and the bone tissue are destroyed in variable intensity and an inflammatory process is established [9]. The teeth with perforations treated with Biodentine may contribute to the inflammatory process regression and reduction in the bone resorption over time. Concomitantly, Biodentine may also stimulate the expression of cell differentiation factors including the osterix, promoting the osteoblast differentiation and, consequently, bone neoformation. Furthermore, Biodentine participates in the inflammatory reaction modulation and promotes fibroblast and osteoblast differentiation, stimulating the formation of collagen bundles of the periodontal ligament and bone matrix of the alveolar process, respectively, favouring the periodontal tissue repair [9]. Micromechanical adhesion of Biodentine allows superior adaptation of Biodentine crystals to basic dentine. However, in comparison to other materials such as MTA and Intermediate Restorative Material (IRM), the marginal adaptation of Biodentine was found to be inferior both to MTA as well as IRM when used as the basic material for root filling [5]. 

THE USE OF BIODENTINE™ IN THE TREATMENT OF INVASIVE CERVICAL ROOT RESORPTION (ICR)
One of the dental pathologies which can result in loss of a tooth is root resorption. As a result of root resorption, dentine is substituted with resorptive granulation tissue or, in extreme cases, with tissue showing structural similarities to bone. The use of Biodentine in filling cavities due to Invasive Cervical Root Resorption (ICR) is documented. However, the studies concerning this issue are mainly based on analyses of individual clinical cases. ICR it the reversible/irreversible loss of tooth structure in the connective tissue attachment zone with unclear aetiology. Biodentine shows setting time of less than 12 min and high mechanical properties with excellent sealing ability. Its ability to release calcium ion and enhancing the alkaline environment makes Biodentine more conducive for osteoblastic activity. Also, calcium and hydroxide ions stimulate the release of pyrophosphatase, alkaline phosphatase, and BMP-2, which contributes to the mineralization process [26]. The teeth treated with Biodentine were completely asymptomatic and probing depth was within normal limits at each follow-up time point indicating that the repair of resorption defect was successfully performed with Biodentine [27]. 

THE USE OF BIODENTINE™ IN APEXIFICATION
Apexification is defined as a procedure used to induce a calcified barrier in a root with an open apex or the continued apical development of an incomplete root in teeth with necrotic pulp. Recently, attention has been paid to development of materials which do more than simply replace the lost tooth tissue but rather seek to induce its repair and regeneration [28]. Biodentine is set in a hydration reaction which consists of dissolving the calcium silicate granules to obtain calcium hydroxide and hydrates of calcium silicate. The formation of C-S-H gel is the result of permanent hydration of tricalcium silicate which gradually fills the spaces between the granules of tricalcium silicate and improves impermeability [29]. Improved sealing properties between dentine and biodentine can be attributed to an increase in surface crystals in dentinal tubules which may lead to ion exchange between the cement and the biological structure of dentine [29]. At material-dentine contact site, biodentine induces the formation of structures similar to markers along the interphase layer called “the zone of infiltration mineralisation”. The interphase layer abundant in Ca and Si can be observed at magnification, and it can result in greater resistance to acids as well as physical durability. In 6 and 12 months long observation period, Biodentine showed better root apex closing properties and dentine thickness than MTA [29]. Moreover, it was found that Biodentine of 4 mm thickness applied in the apical area of the root shows good impermeability though smaller than that of MTA [30,31]. 

CONCLUSIONS
On the grounds of the analysis of the literature on the subject it can be concluded that bioactive materials, including Biodentine, have a wide range of application in therapeutic dental procedures. There are numerous studies presenting the advantages of this group of materials. However, the use of Biodentine still requires a comprehensive and long-term analysis to unequivocally confirm the therapeutic success due to application of this material.
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