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Preface

Classically, biomaterials can be defined as materials that are synthetic or natural in origin, and suitable for use in creating artificial constructs for replacement or repair of damaged part(s) of the living body in a safe and reliable manner. The field of biomaterials has grown rapidly since its inception, and evolved from materials being mere inert to integrative materials with active function in tissue healing. A majority of the global population require repair or replacement of a craniofacial structure in their lifetime. Engineering tissues for restoration or repair of damaged tissues in the oral cavity involves bone, teeth and soft tissue, which set a challenging goal. The defects in this anatomical region arise largely as a result of tooth decay or loss; however, major craniofacial defects that are either caused by disease/trauma or are congenital in nature necessitate complex tissue augmentation or regeneration procedures. Although this presents a formidable challenge, exciting developments are taking place in the field of biomaterials towards successful oral and facial rehabilitation.

Recent advances in the synthesis and fabrication of devices, functionalisation and bioactivity of biomaterials, biomimetic approaches, and delivery of drugs and biological molecules in regenerative medicine have seen the translation of some of these technologies to clinical dentistry. Currently, biomaterials are used to repair or restore loss of a tooth structure subsequent to disease or trauma, replace missing teeth and regenerate degenerated supporting structures for the induction of new tissue formation. Newer treatment modalities in dentistry and craniomaxillofacial reconstruction have embraced the application of novel biomaterials, the principles of dentine demineralisation and remineralisation that influence modern restorative dental practice, advanced polymer therapeutics, hybrid composites, bioactive materials, functional nanomaterials, and surface modification of biomaterials for enhanced integration and regenerative approaches. With increasing novel biomaterials and different clinical applications, the understanding of biomaterials at a genetic level that provides useful information for existing and future evaluation as well as the design of biomaterials is extremely important. This book integrates the application of biomaterial science and describes the recent advances, the role of cutting-edge biomaterials in engineering oral tissues, surface modification technologies, the emerging field of nanomaterials and clinical translation through to the future directions in oral and craniomaxillofacial health care.

This book will provide a unique insight into biomaterials in relation to dentistry and craniomaxilliofacial surgery, which are detailed in chapters authored by eminent scientists and specialists in their field, and valuable information on new dimensions, innovations and emerging concepts of the role of biomaterials. The reader will find the contents helpful not only in furthering their knowledge in this field, but will also draw inspiration to deal with the problems associated with facial deformities that cause major aesthetic, functional and psychological disabilities for those affected.

Finally, I would like to express my sincere gratitude to and acknowledge the valuable contribution of all the authors towards this project and I hope that the readers will be able to familiarise themselves with the latest developments in this field.

Sanjukta Deb, London
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Biomaterials in Relation to Dentistry

Sanjukta Deb · Simran Chana

Division of Tissue Engineering and Biophotonics, King's College London Dental Institute, Guy's Hospital, London, UK

______________________

Abstract

Dental caries remains a challenge in the improvement of oral health. It is the most common and widespread biofilm-dependent oral disease, resulting in the destruction of tooth structure by the acidic attack from cariogenic bacteria. The tooth is a heavily mineralised tissue, and both enamel and dentine can undergo demineralisation due to trauma or dietary conditions. The adult population worldwide affected by dental caries is enormous and despite significant advances in caries prevention and tooth restoration, treatments continue to pose a substantial burden to healthcare. Biomaterials play a vital role in the restoration of the diseased or damaged tooth structure and, despite providing reasonable outcomes, there are some concerns with clinical performance. Amalgam, the silver grey biomaterial that has been widely used as a restorative material in dentistry, is currently in throes of being phased out, especially with the Minimata convention and treaty being signed by a number of countries (January 2013; http://mercuryconvention.org/Convention/) that aims to control the anthropogenic release of mercury in the environment, which naturally impacts the use of amalgam, where mercury is a component. Thus, the development of alternative restoratives and restoration methods that are inexpensive, can be used under different climatic conditions, withstand storage and allow easy handling, the main prerequisites of dental biomaterials, is important. The potential for using biologically engineered tissue and consequent research to replace damaged tissues has also seen a quantum leap in the last decade. Ongoing research in regenerative treatments in dentistry includes alveolar ridge augmentation, bone tissue engineering and periodontal ligament replacement, and a future aim is bioengineering of the whole tooth. Research towards developing bioengineered teeth is well underway and identification of adult stem cell sources to make this a viable treatment is advancing; however, this topic is not in the scope of this chapter. Whilst research focuses on many different aspects, operative dentistry involves the wide use of restorative biomaterials; thus, the development of smart biomaterials to suit the current climes of minimally invasive dentistry is important. The concept of minimally invasive dentistry primarily promotes preservation of the natural tissue, and, thus, the prevention of disease or the advancement of procedures that allow early detection and interception of its progress with minimal tissue loss are of significance. This chapter presents, in brief, the current state of the art of direct restorative biomaterials and their role and future in the field of dentistry. Modern dental practice is highly reliant on the selection of appropriate materials for optimum function and benefit to the patient. Dentistry, perhaps, has the unique distinction of using the widest variety of materials, ranging from polymers, metals, ceramics, inorganic salts to composite materials. So far, aesthetics of restorative materials and their ability to perform in the harsh oral environment without undergoing changes in dimension and stability has been the major focus of materials used in dentistry. Despite advances in tissue engineering and regeneration in the field of regenerative medicine, this concept has found relatively limited application for enamel and dentine due to their limited ability to remodel, but research related to biomimetic approaches for the modification of dentine is a significant step.

© 2015 S. Karger AG, Basel

Dental treatment is usually required when pathogenic germs colonise the dentine and enamel or materials that have been used to restore the tooth, develop marginal gaps, leading to decay. The development of the more recent generation of materials exploiting biomimetic remineralisation strategies moves in a direction for interactive materials to help remineralise the demineralised dentine, thus steering towards regeneration and rehabilitation of the tooth tissue [1-5]. Modern restorative materials are currently using nanotechnology, low-shrinkage polymers and adhesive molecules to enhance clinical performance of existing materials. Bonding of restorative materials to the tooth tissue is important as failure of this interface is one of the main causes of treatment failure. With the rising importance of minimally invasive dentistry [6], which aims to minimise intervention and promote prevention, there is also emphasis on developing materials that are more suited to conservation and restoration of the tooth by minimally invasive techniques.

Restorative Materials

The primary aim of dental restoratives is to replace diseased or damaged tooth tissue and restore function (fig. 1). Hence, biomaterials that function as tooth tissue replacement materials should have an acceptable longevity, provide good aesthetics, allow easy clinical handling and be economically viable (fig. 2). The replacement and reduction in the use of amalgams (the silver grey filling material; fig. 1) not only from the aesthetics point of view but also due to the emerging concerns of the potential neurotoxic and nephro-toxic effects of the mercury-containing amalgam is driving current research in the direction of developing more durable aesthetic restorative grade materials. The aesthetic restorative materials are predominantly composites that undergo setting via a photo-initiated polymerisation of the resin component. However, composite restorative materials exhibit no inherent adhesion to enamel or dentine, and are reliant on dental adhesives. The dental adhesive (resin) penetrates the etched enamel or dentine surface to create a lining of an organic surface that forms the interface with the restorative material. Thus, composite restorations are retained on dentine and enamel via the adhesive, i.e. the link, which is often implicated in the failure due to the degradation of the interfacial bond that occurs with time.

Dental Composites

The current armamentarium of dental composites includes a range of materials with a wide range of handling characteristics, physicome-chanical properties and aesthetics. Dental composite resin is the most widely used aesthetic restorative material with different types of composites [7-10] available, differing in their filler type and component, resin monomers and activator-initiator systems. The composites set on demand via polymerisation, which is effected through photopolymerisation, and a key factor in determining the degree of conversion is the photo-initiator system and light attenuation. The addition curing polymerisation also leads to shrinkage on curing, generating contraction stress that has a deleterious effect on the composite/tooth tissue interface. Current research initiatives have predominantly addressed issues related to polymerisation shrinkage, aesthetics and durability of the composites, enhanced flowability especially to benefit minimally invasive procedures and, more recently, on the delivery of potentially therapeutic agents.

[image: Img]

Fig. 1. Restorations with amalgam, composite and GIC.
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Fig. 2. The types of restorative material used in the direct restoration of teeth.
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Fig. 3. Chemical structure of bisGMA (a), UDMA (b) TEGDMA (c): monomers commonly used in dental composites.

Dental composite systems are primarily composed of dimethacrylate resins. Examples include bis(glycidyl) methacrylate (MA), urethane dimethacrylate (UDMA), triethylene glycol dimethacrylate (TEGDMA) (fig. 3) and a host of other bifunctional methacrylate with inert fillers made of quartz or silica, for example, that confer appropriate mechanical properties.

The resin component of a dental composite primarily consists of either bisGMA and/or UDMA with a host of low-molecular-weight monomers that not only lowers the viscosity of the rather viscous bisGMA to facilitate dispersion of fillers and improve flowability, but also contributes to cross-linking of the network that decreases the interaction with oral fluids and improves mechanical properties. As dimethacrylate resins undergo polymerisation, there is significant shrinkage, which is associated with stress being transmitted to the interfacial bond and the tooth structure [11]; this often leads to clinical complications such as post-operative sensitivity, secondary caries and, in some cases, crack formation in the dentine or enamel. Different strategies to decrease shrinkage have seen the use of ring-opening polymerisation [9] and hyperbranched polymers [12], whilst enhancing the degree of conversion by considering different photo-initiators and concentrations thereof. Camphorquinone is the most commonly used photo-initiator in conjunction with tertiary amines, but phenyl-propanedione and mono- or bis(acyl)phosphine oxides are recent alternatives that have an effect on enhancing the degree of conversion and are found in some commercial formulations [13].

Failure of composite restoration is largely observed at the tooth-composite interface. This is attributed either to failure of the adhesive or due to excessive shrinkage. Dental composites in the oral environment are also in constant contact with saliva, and the interface can often harbour the oral microorganisms causing marginal breakdown leading to clinical failure. Diffusion of oral fluids may also cause bacterial ingress, and to overcome bacterial microleakage, several researchers have explored the effect of inclusion of antibacterial agents, such as chlorhexidine [14, 15] and amorphous calcium phosphates [16]. The bulk degradation of resin composites in the oral environment is another factor, especially affecting long-term survival [17]. Thus, current research directions are focused on the delivery of materials with potentially therapeutic benefits and self-adhesive properties for minimizing risks associated with the degradation of bulk restoratives and the adhesive-dentine interface.

New-Generation Dental Composites

A number of dental composites now use nanotechnology, low-shrinkage polymers, more effective photo-initiators, enhanced filler technology and homogenous curing systems that enhance aesthetics and, to a limited extent, mechanical properties. Nanomaterials have unique properties, which probably accounts for the impact of nanotechnology on the health care arena. Advances in nanotechnology are also contributing to oral health and are currently implemented in new dental restorative materials. In dental nanocomposites, the nanoparticles are truly nano-agglomerates and these clusters can range up to micron sizes. A number of these nanocomposites have been in clinical use for a few years, and the most effective impact is evident on surface finish and subsequent polish and polish retention of the restorative. The smoother surface finish of nanocomposites results in less staining and, to a certain extent, microbial adherence. However, there is some concern regarding the degree of polymerisation and degradation of the silane-filler interface, but the nanocomposites do exhibit increased resistance to fracture and thus enhance longevity [18, 19]. However, limited data exist on long-term clinical performance due to their moderately recent use.

Organically modified ceramics are another type of dental composites, which essentially use a sol-gel process with particles of silicone organic polymers and ceramic glasses to reduce the hydrolytic degradation of the silane-filler interface. With the inorganic components being bound to the organic matrix via multifunctional silanes, superior properties were expected in comparison to dental hybrid composites but indeed exhibit a poorer performance [20]. Siloranes are yet another class of composites, which are designed to lower polymerisation shrinkage [21]. Siloranes undergo polymerisation via a cationic ring-opening polymerisation and, thereby, exhibit lower shrinkage. However, the degree of curing achieved via the photo-initiator is lower in comparison to hybrid composites, which may impact long-term performance. The hydrophobic nature of the composites also lowers fluid uptake, but no additional advantages of siloranes have been reported yet.

With the global emphasis on reduction in the use of dental amalgams, the application of dental composites both for posterior and anterior teeth with adequate clinical performance is of high priority. It is clear that dental composites that undergo polymerisation with high curing degree generally present better mechanical properties due to the lower levels of residual monomers, which enhances clinical performance. One of the factors that results in lower conversion of the monomers is the presence of a substantial amount of fillers, which contributes to light attenuation whilst curing. Consequently, deeper parts of the restoration can have higher amounts of residual monomers, and thus incremental curing is usually advocated to maintain optimal properties through the entire bulk of the composite. This procedure is also beneficial in the reduction of cuspal deflection due to shrinkage stress. Although incremental curing has some advantages, the ability to bulk cure large restorations is a clinical demand; hence, such systems are currently being commercialised, but the merits are not yet clear and at a stage when there are little data on clinical performance [22, 23].

Glass Ionomer Cements

Polyalkenoate cements, commonly referred to as ‘glass ionomer cements’ (GIC) [24] are a versatile class of dental materials that have the inherent property to adhere to both enamel and dentine without the aid of a bonding agent. Traditionally, GIC have been widely used as restorative materials, cavity liners, luting cements and fissure sealants, and their suitability in minimally invasive procedures has been highlighted recently [25]. Glass ionomers are water-based cements that essentially comprise an ion-leachable glass and a water-soluble acid formed as a result of an acid-base reaction. The basic glass is usually a calcium-based fluoro-aluminosilicate glass powder with polyalkenoic acids, such as polyacrylic acid, poly-maleic acid and copolymers thereof. Current GIC compositions include strontium in different proportions to impart radiopacity to the cement [26, 27]. The setting reaction of GIC involves an acid-base reaction that occurs in three stages: dissolution, gelation and hardening. The first stage, ‘dissolution’, involves the etching of the outer surface of the glass particles by the acid resulting in the release of ions such as aluminium, calcium and fluoride, which cross-link with the acidic polymers degrading it to a siliceous hydrogel. The gelation occurs due to the reaction of the calcium ions released that form polysalt bridges with the carboxyl group on the polymeric acids, thus creating an organic network, which corresponds to the clinically useful hardening and further maturation and hardening that occurs over 7 days or so due to the involvement of the aluminium ions and formation of cross-links.

GIC can adhere chemically to both dentine and enamel, as the carboxyl groups on the water-soluble polymeric acid molecules can enter the hydroxyapatite structure of the tooth by displacing phosphate ions from the surface as well as bonding directly to calcium in the apatite structure [28]. In addition, GIC have the ability to release fluoride, thus imparting anti-cariogenic properties, and exhibit negligible shrinkage with a coefficient of thermal expansion similar to enamel and dentine with minimal microleakage. However, the brittle nature, inferior mechanical properties and lack of lustre are some of the reasons for its limited clinical use. Efforts at improving GIC properties have mainly focused on the modification of the powder component, with the inclusion of metallic particles, nanoparticles [29, 30], modified glasses and casein phosphopeptides [31]. A number of commercial GIC containing orthophosphates have been shown to promote remineralisation due to the formation of crystalline hydroxyapatite, fluorapatite or strontium fluorapatite, depending on the composition of the glass. Furthermore, strontium is known to have a synergistic influence on apatite mineralisation in conjunction with fluoride [32, 33]. More recently, GIC referred to as glass carbomers or nanoionomers have been introduced that have been designed to promote remineralisation of tooth tissue. The nanoionomers contain nanoparticulate glasses along with hydroxyapatite or fluorapatite, which can act as nucleating sites for the remineralisation process and initiate the formation of fluorapatite. The nanoparticulate glass facilitates the dissolution-reprecipitation process due to the increased surface area, directly contributing to remineralisation of the tooth tissue. As expected at this stage, there are limited clinical data on the performance of the relatively new glass ionomer systems, but a study by Nassar et al. [34] reported satisfactory clinical performance at a 1-year clinical follow-up.

In contrast, modification of the polymeric component has been relatively less explored and limited to the inclusion of amino acid-function-alised monomers, poly-N-vinylpyrrolidone [35], N-vinylpyrrolidone-modified acrylic acid copolymers [36, 37] and star-shaped polymers [38]. The inclusion of N-vinylpyrrolidone in GIC enhances mechanical properties such as compressive, biaxial and diametral tensile strength, attributed to enhanced wettability of the glass particles by the polymers.

GIC are considered smart materials [39] due to their ability to release fluoride whilst maintaining its set properties during function. The fluoride release from the cements is dependent on the cement composition and environmental factors, and GIC are also known to act as fluoride reservoirs due to their ability to release and take up the ions [40]. The benefits of fluoride release from

GIC has been a much researched topic and its role in caries prevention has been of debate [41-46], mainly due to conflicting data on the significance of the ability to prevent or inhibit secondary caries in comparison to non-fluoridated materials.

Resin-Modified Glass Ionomer Cements

Resin-modified GIC (RMGIC) are essentially GIC with the addition of a photosensitive resin that confers the ability to light cure the cements enabling the clinician to command set them in vivo using blue visible light. An amphiphilic monomer, 2-hydroxyethyl methacrylate (HEMA) is added to the GIC components with a photo-initiator that allows free radical polymerisation. The chemistry is complex, with suggestions of phase separation due to the mixing of a polar polymeric water-soluble acid and a fairly non-polar HEMA entity, along with the formation of the non-miscible poly-HEMA on setting in the polymeric acid phase. However, the ability to command set RMGIC in the oral cavity combined with satisfactory clinical function accounts for its popular use. One of the clinical concerns of GIC and RMGIC remain the inferior aesthetic and mechanical properties. In an effort to improve aesthetics, polishability and mechanical properties of this group of materials, newer nanoionomer systems are utilizing novel hybrid filler systems consisting of synthetic nanomeric and nanocluster surface-modified particles of zirconia and silica along with modified fluoro-aluminiosilicate glass fillers [46] to enhance mechanical properties, but there is no clear evidence of a superior clinical function.

Recent studies have aimed at combinatorial approaches by using chlorhexidine gluconate with RMGIC to enhance the antimicrobial activity, and in vitro studies indicate a synergistic effect with evidence of its superior activity against caries progression in a small cohort of patients [47].

RMGIC have been used clinically over the last two decades and clinical reports suggest they have an acceptable performance related to adhesion to the tooth structure [48, 49], but there is some concern over the long-term performance, especially regarding anatomical form and colour stability, which are considered as clinical failures.

Bonding Systems

Modern Strategies to Deal with Bond Degradation

The tooth tissue, namely enamel and dentine, are distinctively different from dental restoratives such as the composites that primarily consist of organic monomers and fillers. The success of restoration is highly dependent on the adhesion of these two dissimilar materials, thus adhesives play an important role in clinical dentistry. Adhesion not only depends on the chemical composition of the adhesive but also on the morphology of the tooth surface created for the application of an adhesive. Bonding to dentine presents a significantly more complex problem than to enamel due to the high organic content, heterogeneity and the dentinal tubules that pass through and are filled with fluid such that an outward force is exerted through the tubules pushing out the fluid that yields an intrinsically moist surface. The mechanisms of action of dentine bonding agents that are responsible for the adhesion of composites to the surface of dentine are complex, and adhesion is currently achieved via etching of the surface followed by treating the dentine with a dental adhesive that can be polymerised to form an organic layer as a result of the micromechanical retention of the adhesive, which penetrates and entangles with the collagen present. However, incomplete ingress of the adhesive (due to only partial displacement of water within the demineralised collagen network) results in hydrated collagenous regions at the resin-dentine interface. Thus, these regions remain susceptible to degradation especially under oral functional conditions. Hydrolytic degradation is one of the main causes of the breakdown of an interface, but there is growing evidence that the degradation of resin composites in the oral cavity by salivary enzymes is also a major factor that is independent of clinical handling [50]. Another limitation within the system is the volumetric shrinkage that occurs upon curing, resulting in a marginal gap at the adhesive interface between the restoration and tooth structure. This weak link allows for leakage of bacteria and salivary enzymes into the marginal gap, which ultimately reduces the longevity of these restorative materials via biochemical destruction of both the resin and protein structures within the interface. Modern strategies to deal with this problem have mainly relied on synthetic biomaterials [51]. For example, methods to improve the degree of conversion of the adhesive are believed to enhance initial mechanical properties and decrease nanophase separation [52, 53], thereby decreasing the plasticisation of the polymer; however, this does not assist in the displacement of moisture. Another approach has been to increase the concentration of the initiator [23, 53-55], but there is a limit since high concentrations of initiator do not necessarily improve the degree of conversion but compromise aesthetics due to the yellow colour of camphorquinone. Alternative initiators that are more hydrophilic, such as diphenyl(2,4,6-trimethylbenzoyl)phos-phine oxide [56], 2-hydroxy-3-(3,4-dimethyl-9-oxo-9H-thioxanthen-2-yloxy)-N, N, N-trimethyl-1-propanaminium chloride [57] and oni-um salts [58, 59], have been reported to enhance the degree of polymerisation.

Type I collagen plays a significant role in the restoration of dentine since resin infiltration and subsequent modification are key to dentine bonding. Matrix metalloproteinases (MMP) are known to be present in mineralised dentine, and exposed collagen fibrils are susceptible to intrinsic collagenolytic MMP activity [52]. MMP have been shown to play a role in collagen degradation during the pathogenesis of dentinal caries [60-62]. Mazzoni et al. [62] have correlated collagenous areas of poor resin infiltration with the activation of dentine-bound MMP by the acidic components of ‘etch-and-rinse’ adhesives. This is now being recognised as another emerging cause of dentine demineralisation associated with the resin-dentine bonding procedure [63] itself and is particularly significant due to the high volume of aesthetic restorations being placed. Hence, the introduction of MMP inhibitors [60] at the resin-dentine interface is an approach that may assist in extending the longevity of the resin-dentine bond [64].

Biomimetic Remineralisation Strategies of Dentine

Adhesion of current aesthetic restorative materials is essentially achieved via micromechanical retention by generating a micro-undulating surface via the superficial dissolution of the hard tissue. Bonding to enamel has proven to be extremely effective, but the rather ‘wet’ dentine continues to pose challenges, and thus more recent approaches aim to exploit remineralisation strategies to enhance the dentine-resin bonding. The hydroxyapatite or mineral contents in both enamel and dentine tend to decrease when demineralised, which can cause a shift in the equilibrium of hydroxyapatite and cause the teeth to demineralise. In order to enhance the longevity of the dentine-resin interface, strategies that mimic the natural pathway of collagen remineralisation are being explored. The ‘bioremineralisation’ process in dentine is related to creating an inorganic, mineral-like material at the bonding interface that is in turn able to protect the exposed collagen and decrease void formation, thus minimizing the effects of the hydrolytic degradation. Amorphous calcium phosphate has been used in commercial toothpastes as a method of replacing the lost mineral. Dual analogues that utilise processes to replicate the amorphous calcium phosphate capture and apatite nucleation pattern of extracellular matrix proteins to promote hierarchical intrafi-brillar apatite assembly within a collagen matrix are thus being explored. Reactive calcium silicate powders, ion-leaching calcium silicate cements and those in composite form with resins have been reported to elicit a positive response from the biological environment, with remineralisation of apatite-depleted dentine being induced over a short period, i.e. an innovative method for the biomimetic remineralisation of apatite-depleted dentine surfaces [65, 66].

Antimicrobial Properties

Biofilms on either dental hard or soft tissue are the major cause of caries and periodontal disease [67]. Research thus far has mainly focused on imparting antimicrobial properties both in restorative materials and dental adhesives that form the interface of composite restorations [68-71]. Traditionally, materials such as calcium hydroxide have been associated with antibacterial activity due to high alkalinity and GIC for their fluoride release. However, they have limited effect and are not efficacious in inhibiting the formation of biofilms. Various compounds of chlorhexidine, such as chlorhexidine acetate, chlorhexidine diacetate, chlorhexidine gluconate and chlorhexidine hydrochloride, have been incorporated in resins, GIC, RMGIC and bonding agents to impart anti-microbial properties. Although there is evidence of antimicrobial activity, the mechanical properties of the cements/materials are found to deteriorate, but some studies report that 0.5-1.0% chlorhexidine generate cements with optimal properties and antibacterial dental composites [68-70]. Quaternary ammonium compounds have also been used to impart antibacterial properties to dental restorative materials, wherein the bacteriostatic effect depends on the direct contact of bacteria with the material surface. The antibacterial monomer 12-methacryloyloxy dodecylpyri-dinium bromide (MDPB) [72] has been shown to exhibit cavity-disinfecting properties when used as a component of a dental primer, which is now in commercial use. The MDPB monomer on polymerisation evokes inhibitory effects on bacterial growth, and, in addition, has less deleterious effects on the physical and mechanical properties of the restorative materials. Dental composites and adhesives with quaternary ammonium dimethacrylate and nanoparticles of silver are effective in inhibiting Streptococcus mutans [72-76], and methacryloxylethyl cetyl dimethyl ammonium chloride [73] is added to etch and rinse adhesives with stable antibacterial activities that do not adversely affect bonding capacity. More recently, custom synthesis of methacrylate monomers was initiated to enhance polymerisation capacity [77], radiopaque monomers [78], zinc and silver nanoparticles, and calcium phosphates [75] are being explored as antibacterial agents in dental restoratives. It is believed that silver particles have the ability to attach to the bacterial membrane and penetrate the biofilm preventing bacterial replication [76], whilst zinc oxide produces zinc and oxygen ions with reactive oxygen species inhibiting growth and zinc ions disrupting the biofilms.

Tissue Engineering

Tissue engineering in the field of dentistry is mainly aimed at either regenerating the whole tooth or individual parts of the tooth, such as enamel, dentine, pulp, cementum, periodontal ligament and alveolar bone. The potential tissue engineering approaches that are being exploited in dentistry include (i) using the three central components: living cells, a scaffold and a simulated biological environment, (ii) a cell aggregation-based approach and (iii) a stem cell homing-based approach, which involves in situ induction of endogenous stem cells from adjacent host sites to mobilise and inhabit the native host matrix or implanted scaffold matrix. A detailed discussion on this topic is out of the scope of this chapter and is only mentioned due to its potential impact on the field of regenerative dentistry [14]. The last decade has seen a substantial number of studies related to cell-based tooth replacement, and the results are promising but clinical translation is yet to become a reality.

Future Challenges

Although considerable progress has been made already, much work remains to develop biomaterials and biomolecular approaches that will provide effective repair and regeneration of the tooth tissue affected by caries. Functional biomimicking biomaterials that are able to promote remineralisation, inhibit biofilm formation, and provide desired aesthetics and durability are some of the ongoing challenges for clinical application. Whilst there is a need for novel materials, it is equally important to facilitate the process of clinical translation, provided robust fabrication, scale-up methods and appropriate testing data are available.
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