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Abstract: In recent years, advancements in dental materials have paved the way for a paradigm shift in 

pediatric dentistry. This article explores the emergence and potential of bioactive materials in improving dental 

treatments for children. Bioactive materials offer unique advantages over traditional materials by promoting re 

mineralization and enhancing tissue integration. These materials not only restore but actively contribute to the 

health and longevity of dental structures, crucial for the growing dentition of pediatric patients. Moreover, their 

antimicrobial properties mitigate the risk of secondary caries, addressing a common concern in pediatric dental 

care. This review examines the scientific basis, clinical applications, and future directions of bioactive materials 

in pediatric dentistry, highlighting their transformative impact on oral healthcare practices and patient 

outcomes. 
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I. Introduction: 
In dentistry, "biomimetic materials" can be used synonymously with "bioactive materials." These 

substances are engineered to mimic natural biological processes or promote specific biological responses, such 

as facilitating the re-mineralization and regeneration of tooth tissues.1 They aim to interact actively with the 

body's natural processes rather than merely being inert or biocompatible. Bioactivity in dentistry refers to a 

material's capacity to provoke a response from living tissues. Bioactive materials induce reactions in tissues, 

organisms, or cells, such as encouraging hydroxyapatite formation. These materials are valued for properties 

like their bactericidal or bacteriostatic effects, sterility, ability to stimulate reparative dentine, and capacity to 

maintain pulp vitality.2 Clinically, they are used in restorative dentistry to prevent pulp necrosis and initiate 

dentinal bridge formation during both direct and indirect pulp capping procedures. Their alkalinity plays a 

crucial role in their effectiveness by significantly contributing to their bioactivity. Bioactive materials assist in 

pulpal repair by stimulating proteins such as bone morphogenic protein and transforming growth factor–beta 

from surrounding dentin. Furthermore, they form an antibacterial seal over pulp exposures, thereby enhancing 

their therapeutic efficacy.3 The material should be non-toxic and well-tolerated by oral tissues, ensuring it does 

not cause any adverse reactions or sensitivities in children. Materials should have ability to interact positively 

with biological tissues, promoting beneficial responses such as remineralization of tooth structure or inhibiting 

bacterial growth. Given the susceptibility of children to dental caries, bioactive materials should ideally have 

antibacterial effects to help prevent or minimize the risk of new cavities forming. The material should 

effectively seal and protect exposed dental tissues, preventing micro leakage and reducing the likelihood of 

recurrent decay. Bioactive materials should have suitable mechanical strength and durability to withstand the 

forces within the  
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oral cavity, especially in children who may have habits like teeth grinding or chewing on hard objects.4 

Pediatric dental materials should be easy for dentists to manipulate and apply, allowing for efficient procedures, 

especially considering the challenges posed by treating young, potentially uncooperative patients. While not 

always essential, it can be beneficial for bioactive materials to have acceptable esthetic qualities, especially for 

visible areas of the oral cavity, to ensure a natural appearance after treatment. Some bioactive materials release 

ions like calcium, phosphate, or fluoride, which can aid in remineralization and strengthening of tooth structure, 

making them desirable for pediatric use.5 Radiopacity is important for dental materials used in restorations, as it 

allows for easy identification on dental X-rays, aiding in diagnosis and assessment of treatment effectiveness. 

While not a property per se, bioactive materials should ideally be cost-effective and offer good value for money, 

considering the volume of pediatric dental treatments performed and the financial considerations of families. By 

possessing these ideal properties, bioactive materials can contribute significantly to the successful treatment and 

long-term oral health of pediatric patients.6In modern dentistry, biomimetic or bioactive materials are highly 

valued for their ability to actively interact with biological processes, promoting healing and regeneration of 

dental tissues. The term "bioactive" varies in meaning depending on its context: in restorative dentistry, it 

typically denotes a material's capacity to promote the formation of hydroxyapatite crystals on its surface. In 

implantology, bioactivity pertains to materials like calcium phosphate ceramics and glasses, which can form a 

direct chemical bond with recipient bone, enhancing implant stability. Additionally, in preventive dentistry, 

bioactive toothpastes are utilized to remineralize the outer enamel surface.7 Bioactive materials represent an 

advanced alternative to conventional dental materials, offering several distinct advantages. They possess 

remineralizing properties that strengthen hard dental tissues and protect them from acid erosion due to their 

elevated pH levels from mineral saturation.8 

 

 These materials can chemically bond to tooth structure, reducing sensitivity caused by bonding 

defects. Additionally, bioactive materials release calcium and phosphorus ions, facilitating the formation of a 

mineral similar to natural hydroxyapatite.9 This capability supports durable restorations and aids in repairing 

damaged dental structures, thereby reducing the risk of recurrent decay around existing restorations. In modern 

dentistry, bioactive materials are highly valued for their restorative, regenerative, and preventive benefits. They 

actively interact with biological tissues to promote dental health.10 According to Hench's 1994 classification, 

Class A bioactive materials are osteoinductive, attracting osteogenic stem cells to their interface and triggering 

both intracellular and extracellular responses. An example of a Class A material is Bio glass. Class B bioactive 

materials, classified as osteoconductive; stimulate an extracellular response by providing a biocompatible 

surface that supports bone migration. Synthetic hydroxyapatite is an example of a Class B material.11 Widely 

regarded as the "gold standard" for direct pulp capping, calcium hydroxide's antibacterial properties help prevent 

bacterial penetration into pulpal tissue, reducing irritation. Various bioactive materials in pediatric dentistry, 

including Mineral Trioxide Aggregate (MTA), Bio Dentine, Bio Glass, Bio-Ionomer, Calcium Enriched Mixture 

(CEM), Amorphous Calcium Phosphate (ACP), Bio Aggregate, TheraCal LC, and EndoSequence Root Repair 

Material (ERRM), play crucial roles in diverse dental procedures. Bioactive materials used in pediatric dentistry 

should possess several ideal properties to ensure they are safe, effective, and suitable for the unique needs of 

children.12  

 

II. Discussion: 
Calcium hydroxide (Ca(OH)2), introduced to clinical dentistry by Hermann in 1990, is widely regarded 

as the standard material for protecting pulp during direct and indirect pulp capping procedures, as well as for use 

as a liner or sub-base. 

 

 It is a white, odorless powder with a molecular weight of 74.08 g/mol, known for its high alkalinity 

(pH 12.5–12.8) and low water solubility (approximately 1.2 g/L at 25°C). Initially recognized for promoting 

hard tissue formation and healing in vital pulpal and periapical tissues, its clinical applications have expanded 

over time.13 Despite its solubility in water and limited thermal insulation in thin layers, calcium hydroxide is not 

recommended as a sole base or luting cement due to these factors. Therefore, additional thermal protection 

should be provided with a separate high-strength base material. It promotes reparative dentin formation through 

its high alkalinity and antibacterial properties. Its hydroxyl group creates an alkaline environment that supports 

healing, active calcification, and acts as both bactericidal and bacteriostatic. Its elevated pH also stimulates 

fibroblasts, neutralizes acids' low pH, and prevents internal resorption. It is cost-effective and easy to apply but 

does not exclusively promote dentinogenesis or reparative dentin formation. Its use carries risks such as primary 

tooth resorption.14 Alkaline phosphatase, a hydrolytic enzyme, releases inorganic phosphate from phosphate 

esters, which reacts with calcium ions in the bloodstream to form calcium phosphate In pediatric dentistry, 

calcium hydroxide is used as a pulp capping agent, pulpotomy agent, and for apexification procedures. 
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However, it has limitations. It typically requires 2–3 months to induce coronal hard tissue barriers during pulp 

capping and 6–18 months for apexification.15 These barriers may remain incomplete due to vascular inclusions, 

potentially allowing bacterial invasion. Changes in dentin's structure, caused by the loss of inorganic and 

organic components, can increase the risk of cervical root fractures. It may also initially induce zones of sterile 

pulp necrosis at the contact area with vital pulp tissue, which could later become infected via micro leakage 

under restorations, leading to pulpitis and eventual pulp necrosis.16 It has been widely utilized in pediatric 

dentistry for various applications due to its unique properties and beneficial effects on dental tissues. 

 

 It is commonly used for direct pulp capping in primary teeth when the pulp is minimally exposed due 

to caries removal. It helps stimulate the formation of reparative dentin and promotes pulp vitality by creating a 

favourable environment for healing. Its high pH (approximately 12) is antibacterial, which aids in preventing 

bacterial penetration into the pulp tissue.17 In cases where pulpotomy is indicated in primary teeth, calcium 

hydroxide can be applied to the remaining pulp tissue to encourage healing and maintain pulp vitality. It has 

been traditionally used in the pulpotomy procedure known as the "pulpotomy with calcium hydroxide" 

technique. It supports apexogenesis in immature permanent teeth with open apices. By encouraging continued 

root development and thickening of dentinal walls, it helps preserve the vitality of the pulp and promotes natural 

root maturation. It is also used in the treatment of inflammatory root resorption in primary teeth. Its antibacterial 

and biocompatible properties aid in disinfection and promote healing of the affected root structure.18  

Calcium Enriched Mixture (CEM): A modified form of calcium hydroxide, known as CEM cement, 

has been developed and is used in various endodontic procedures in both primary and permanent teeth. It 

exhibits improved sealing ability and biocompatibility compared to traditional calcium hydroxide. It was 

introduced in 2006 for endodontic use, features favourable physical properties such as flow, film thickness, and 

setting time.19 Biologically, CEM cement promotes hydroxyapatite formation in saline, potentially aiding stem 

cell differentiation and hard tissue formation. It sets rapidly in aqueous environments, with a shorter setting time 

than MTA, while offering sealing abilities akin to MTA. In pediatric dentistry, CEM cement serves well as a 

root-end filling material due to its comparable micro-leakage performance with MTA and Portland cement.20  

 

Its biocompatibility, flow ability, good clinical handling, antibacterial properties, and low cytotoxicity 

further recommend it for this application. Regenerative endodontic treatment using CEM cement promotes 

revascularization in immature necrotic teeth, supporting ongoing root development.21 Studies demonstrate 

successful revascularization in necrotic immature molars with CEM cement, using a modified approach.22 In 

pulpotomy procedures, CEM cement exhibits superior outcomes compared to Ca(OH)2 and MTA, including 

reduced inflammation, improved quality or thickness of calcified bridges, enhanced pulp vitality, and 

preservation of odontoblast cell morphology in permanent teeth.23 A randomized clinical trial confirmed that 

CEM cement is an effective treatment option for pulpotomy in deciduous molars, demonstrating success rates 

comparable to those of MTA during a two-year follow-up period.24 In a study involving permanent molars with 

open apices and extensive decay, reversible/irreversible pulpitis was observed.25 A subsequent one-year trial 

demonstrated successful complete pulpotomy using both MTA and CEM. Another study by Zarrabi MH et al. 

indicated that CEM resulted in a thicker dentinal bridge and lower pulp inflammation compared to MTA in 

direct pulp capping, although these differences did not reach statistical significance.26 Recent randomized trials 

have shown that CEM and MTA provide comparable and satisfactory outcomes for direct pulp capping in 

deciduous molars, addressing ongoing debates among pediatric dentists.27 Regarding indirect pulp capping with 

CEM cement, an interesting case report detailed treatment of a mature symptomatic first mandibular molar with 

irreversible pulpitis associated with apical periodontitis. The clinical and radiographic outcomes were 

favourable, with complete resolution of symptoms and healing of the apical lesion observed within a 15-month 

follow-up period.28 Despite its benefits, calcium hydroxide has limitations, such as its high solubility in oral 

fluids and the potential for inducing tooth discoloration over time.  

 

Nonetheless, its longstanding use in pediatric dentistry continues to demonstrate its effectiveness in 

promoting dental tissue healing, preserving pulp vitality, and supporting the overall success of vital pulp 

therapies in children.29 

 Glass ionomers (GICs) are dental materials renowned for their ability to release ions like calcium and 

aluminium, which aid in tooth remineralization and swiftly neutralize lactic acid, shifting from active caries pH 

to arrested caries pH within seconds.30 This property helps reduce erosion and potentially prevents secondary 

caries around restorations. Bioactive glass, exemplified by 45S5 Bio glass developed by Larry Hench in 1969, 

has been incorporated into GIC formulations to boost bioactivity and facilitate tooth regeneration.31 Bio-

Ionomers, which consist of aluminosilicate glass particles reacted with polymeric acids, are widely used in 

dentistry as both filling materials and luting cements. They exhibit natural adhesion to tooth structure and 

release fluoride. These materials have been extensively researched and modified to enhance their bioactivity, bio 
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mineralization capabilities, and physical properties. Conventional GICs are activated chemically through an 

acid-base reaction involving glass powder and polymeric acids like polyacrylic acid, releasing ions such as 

Ca2+ and Al3+ into the surrounding medium. Recent studies have highlighted the beneficial properties of Bio-

Ionomers.32 Research has focused on enhancing the mineralization potential of GIC by incorporating additives 

such as bioactive glasses, beta-tricalcium phosphate, wollastonite, or MTA.33 These modifications have 

demonstrated the ability to form mineralized surface layers in simulated body fluid without compromising 

compressive strength or setting properties. Notably, the addition of MTA has been shown to improve 

Compressive Strength as the modified GIC matures compared to conventional controls. Incorporating bioactive 

glass, CPP-ACP, or chitosan into GIC powders significantly enhances compressive strength and flexural 

strength. 34 

 

Bioactive glass-modified GICs release higher levels of fluoride and exhibit reduced bacterial adhesion 

compared to conventional GIC. Adding 15% nano- beta-tricalcium phosphate to GIC improves protection 

against acid demineralization and promotes enamel remineralization. GIC demonstrates good adhesion in moist 

environments, lower cytotoxicity, and hydrophilicity enabling bonding in the presence of residual fluids. Bio-

Ionomers are widely used in pediatric restorations for their ease of placement and superior marginal 

adaptation.35 GIC is suitable for restoring permanent teeth in low-stress areas like class III and class V lesions, 

preferred for high-caries-risk patients due to its fluoride-releasing capabilities. It acts as a pulp protector under 

metallic and composite restorations, and serves as a luting agent for indirect restorations including crowns, 

posts, core placements, and orthodontic appliances. These applications highlight the versatility and clinical 

effectiveness of Bio-Ionomers in contemporary dental practice.36 

Mineral Trioxide Aggregate (MTA), introduced by Mahmoud Torabinejad at Loma Linda University in 

California, United States of America, and documented in dental literature in 1993, is highly valued for its 

superior sealing ability, long-term efficacy, ease of handling, and strong biocompatibility.37 Widely used in 

endodontics, MTA is prized for being non-toxic, non-carcinogenic, and biocompatible. It releases calcium ions, 

akin to Ca(OH)2, which promote tissue regeneration, cell attachment, and proliferation. Its alkaline pH creates 

an antibacterial environment, regulates cytokine production, and supports the formation of hard tissue, including 

hydroxyapatite, for effective sealing.38 It finds extensive application in pediatric dentistry due to its outstanding 

properties and versatility. It is frequently employed for direct pulp capping and pulpotomy in primary teeth, 

facilitating dentin bridge formation, preserving pulp vitality, and fostering a conducive environment for healing. 

 

 It plays a crucial role in apexification procedures; promoting apical closure in immature permanent 

teeth with open apices, thereby aiding subsequent root canal treatment.39 In cases of exposed pulp with ongoing 

root development, MTA supports apexogenesis by encouraging continued root growth and thickening of 

dentinal walls. Furthermore, MTA effectively seals root perforations during root canal procedures, preventing 

the spread of infection and maintaining the structural integrity of the tooth. It is preferred for root-end surgeries 

(apicoectomies) in primary teeth, ensuring reliable sealing and promoting healing around the apex. Despite its 

longer setting time, MTA's biocompatibility, antimicrobial properties, and ability to stimulate dentinogenesis 

justify its widespread use and favourable clinical outcomes in various vital pulp therapies and endodontic 

treatments for children.40 

Biodentine serves as a versatile dentin substitute in pediatric dentistry, applicable for various 

procedures such as indirect and direct pulp capping, as well as a base/liner in restorative work. Its notable 

advantage over MTA lies in its quicker setting time, allowing for immediate crown restoration or functional use 

intraorally without compromising material integrity. During its setting process, Biodentine releases calcium 

hydroxide, creating a highly alkaline environment that induces a zone of coagulation necrosis. This environment 

is beneficial as it stimulates precursor cell proliferation and migration to the surface, where they differentiate 

into odontoblast-like cells. This process promotes the formation of reactionary dentin through odontoblast 

stimulation and reparative dentin through cell differentiation.41 Additionally, Biodentine's high alkalinity inhibits 

microorganisms, enhancing its biological properties in dental applications. Compared to MTA, which also offers 

advantages like being non mutagenic, non neurotoxic, and exerting anti-inflammatory effects on pulp tissue, 

Biodentine promotes odontoblast activity and dentin formation through calcium hydroxide production, making 

it promising in pediatric dentistry.  

 

Its flexural strength is approximately 14.27 ± 1.96 MPa. MTA creates an alkaline environment (pH 

10.2, rising to 12.5) conducive to dental applications.42 It releases calcium ions, supports cell attachment and 

proliferation, and encourages differentiation of hard tissue-producing cells. However, MTA has drawbacks 

including longer setting times, challenging handling, higher cost, and potential tooth discoloration. Removal 

after placement is difficult due to the absence of a solvent. Biodentine is a bioactive dentin replacement material 

with properties similar to dentin, promoting the formation of tertiary dentin in vital pulp cells. It consists of a 
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powder component, housed in a capsule, composed of tricalcium silicate, zirconium oxide, calcium carbonate, 

and minor additives like iron oxide for coloration.43 The liquid component, contained in an ampoule, includes 

water, calcium chloride, and a water-soluble polymer. This design ensures optimal clinical performance. To 

prepare Biodentine, 5 drops of liquid are mixed with 0.7 grams of powder using an amalgamator at 4000-4200 

revolutions per minute for 30 seconds. Its short setting time of around 12 minutes allows its use in restorative 

procedures, unlike MTAs which set in 3-4 hours initially.44 Biodentine, as highlighted by Allazzam et al. (2015), 

possesses several advantageous properties essential for clinical applications. These include a rapid setting time, 

high biocompatibility, robust compressive strength, exceptional sealing capabilities, and ease of handling, 

making it versatile for both endodontic repair and restorative procedures without causing tooth staining. 

Additionally, its highly alkaline pH (pH=12) contributes to excellent antimicrobial properties.45Moreover, it is 

cost-effective compared to similar materials. In pediatric dentistry, as outlined by Raju et al. (2021), Biodentine 

serves various roles: it functions as a dentine substitute beneath composite restorations, is effective in pulp 

capping procedures, serves as a material for pulpotomy, and supports apexification processes.46 
 

 Biodentine's effectiveness as a pulp capping agent lies in its ability to promote dentine bridge 

formation and tissue reaction, facilitated by its capability to initiate early mineralization from pulpal cells 

through the release of transforming growth factor–beta. Similarly, in pulpotomy procedures, Biodentine offers 

the advantage of reducing treatment time while acting as both a filling and a dressing material. Studies have 

demonstrated its capacity to maintain pulp vitality, as evidenced by findings from Nasrallah et al. (2018).47 

Biodentine is also used in apexification. It was found that immature necrotic teeth after proper regenerative 

endodontic procedure with biodentine can still produce continued root development. It is highly recommended 

due to its property to induce new cementum and periodontal ligament formation.48 

In pediatric dentistry, amorphous calcium phosphate (ACP) acts as a substitute for dentin and is 

employed in procedures such as pulp capping and apexification. It stimulates alkaline phosphatase activity, cell 

proliferation, and adhesion. ACP undergoes transformation into crystalline phases like octacalcium phosphate or 

apatite, essential for tissue repair, and represents a promising agent for remineralization in dental care. Dentin 

matrix protein 1 (DMP1) facilitates ACP's conversion into hydroxyapatite.49 ACP-filled polymeric composites 

release calcium and phosphate ions, aiding tooth repair similarly to natural hydroxyapatite deposition. Casein 

phosphopeptide-amorphous calcium phosphate (CPP-ACP) stabilizes ACP clusters, supporting nucleation and 

phase transformation. Incorporating CPP-ACP into Fuji IX enhances bond strength, compressive strength, and 

ion release in acidic oral environments. CPP-ACP also improves the protection of enamel and dentin around 

restorations compared to Fuji IX alone.50 In mouth rinses, CPP-ACP increases calcium and phosphate ions in 

plaque, competing with calcium for binding sites, thereby reducing calcium bridging and limiting mineral loss 

during cariogenic episodes. CPP-ACP acts as a calcium source to inhibit demineralization and promote 

remineralization over three days. 

 

 In food products, CPP-ACP effectively prevents demineralization without altering taste; combating 

cariogenic properties in beverages, confections, and dairy.51Toothpastes combining CPP-ACP with fluoride 

significantly reduce caries by localizing ACFP on tooth surfaces. This co-localization of calcium, phosphate, 

and fluoride in a slow-release amorphous form enhances clinical efficacy. GC Tooth Mousse is a sugar-free 

topical crème used for remineralizing dentin and enamel to prevent caries. Studies from 2013 have indicated that 

CPP-ACP is more effective than sodium fluoride mouthwash and fluoridated toothpaste for enamel caries 

remineralization, supported by both in-vivo and in-vitro research.52  

 Bioactive glass is made of synthetic mineral containing sodium, calcium, phosphorous and silica 

(sodium calcium phospho silicate) which are naturally found in the body. When these particles come in contact 

with saliva or water, they rapidly release sodium, calcium and phosphorous ions into the saliva which are 

available for re-mineralization of the tooth surface. Unlike other calcium phosphate technologies, the ions that 

bioactive glass release form hydroxycarbonate apatite (HCA) directly, without the intermediate amorphous 

calcium phosphate phase. These particles also attach to the tooth surface and continue to release ions and re-

mineralize the tooth surface after the initial application. These particles have been shown, in in-vitro studies, to 

release ions and transform into HCA for up to two weeks. Ultimately these particles will completely transform 

into HCA which is the mineral of our teeth. In a clinical trial on tooth hypersensitivity a bioactive glass 

containing toothpaste was shown to decrease sensitivity significantly greater than strontium chloride toothpaste. 

They have also been shown to have significant anti microbial properties and can kill up to 99.99% of oral 

pathogens associated with periodontal disease and caries.53 

 

Bio Aggregate is an advanced bio ceramic material in pediatric dentistry that leverages nanotechnology 

to produce aluminium-free ceramic particles upon hydration. It consists of tricalcium silicate, dicalcium silicate, 

tantalum pent oxide, and calcium phosphate monobasic. Known for its superior biocompatibility, it forms a 
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thick paste-like mixture with a working time of approximately 5 minutes, extendable with a moist gauze sponge. 

The material demonstrates excellent handling and high sealing ability, surpassing other root-end filling 

materials. It releases calcium ions and maintains a high pH, supporting mineralization crucial for tissue healing. 

Clinical applications include root perforations, repairs of root resorption, root-end fillings, apexification, 

pulpotomy, and pulp capping. Bio Aggregate's radiopacity, convenient setting time, and ease of manipulation 

make it an ideal choice for root canal procedures, effectively blocking bacterial infection and promoting 

cementogenesis. Overall, it represents a new generation of bio ceramic materials developed through advanced 

nanotechnology, noted for its innovative qualities and clinical versatility in pediatric dental care.54 

TheraCal LC, also known as a light-cured, resin-modified calcium silicate-filled base/liner material, is 

synonymous with a fourth-generation calcium silicate material. It is primarily used for pulp capping and as a 

protective liner beneath restorative materials. It sets through hydration, a process initiated by absorbing water 

from the surrounding environment. According to manufacturer instructions, it is applied on moist dentin. 

Biologically, TheraCal LC releases calcium ions that stimulate dental pulp cell growth and differentiation, 

promoting the formation of mineralized tissue. It also releases hydroxyl ions, which can increase local pH 

levels. This may initially cause irritation to pulp tissue and superficial necrosis but ultimately aids in 

mineralization and dentin repair by forming hydroxyapatite-like crystals, thereby creating a biological seal.  

 

It is highly regarded in pediatric dentistry for direct pulp capping, promoting superior hard tissue 

bridge formation and enhancing dentinal bridge quality compared to alternatives.55 Studies show it induces 

comparable reparative dentin and manages inflammation effectively when compared with Septocal LC and 

Dycal.56 In indirect pulp capping, TheraCal LC and MTA have shown successful outcomes in primary teeth, 

including pain relief, absence of sinus tracts, and positive radiographic results.57 Research indicates no 

significant difference in success rates between TheraCal LC, ProRoot MTA, and Dycal for both primary and 

permanent teeth (p > 0.05, modified USPHS criteria).58 It contains tricalcium silicate particles in a hydrophilic 

monomer matrix, promoting substantial calcium release essential for dentin-pulp complex healing and 

regeneration. Its user-friendly syringe application eliminates the need for hand mixing or trituration. It is 

recommended for optimal aesthetics when applied thinly due to its opaque white colour, which can influence 

final shade when covered with translucent composite, each layer cured for 20 seconds.59 TheraCal LC provides 

advantages in pediatric dentistry such as accelerated setting times enabling immediate restoration, 

straightforward and accurate application, and excellent flow characteristics. It supports pH alkalization, acts as a 

scaffold for reparative dentin, and reduces micro leakage for effective sealing.60 However, compared to Bio 

dentine, TheraCal LC releases calcium ions more slowly and lacks post-setting calcium hydroxide formation, 

potentially leading to risks like internal root resorption and pulpal irritation due to elevated pH. Concerns also 

include cytotoxicity from unpolymerized resin monomers, which may diminish its bioactive potential compared 

to Bio dentine. In clinical use, TheraCal LC is applied directly over exposed sites and layered for sealing in 

pulpotomy procedures for primary teeth.60 Two studies evaluated TheraCal LC's efficacy in pediatric dentistry: 

Wassel, Amin, and Badran found it to be relatively biocompatible in primary teeth, showing clinical and 

radiographic success comparable to Formocresol over six months in pulpotomy treatments.61 In contrast, 

Bakhtiar et al. observed that Bio dentine and ProRoot MTA outperformed TheraCal LC in partial pulpotomy 

treatments, demonstrating superior clinical outcomes.62 

EndoSequence Root Repair Material (ERRM) is a biocompatible dental material used in root repair 

composed of tricalcium silicate, zirconium oxide, tantalum pent oxide, di calcium silicate, calcium sulfate, 

calcium phosphate monobasic, and filler agent. It sets and hardens in a minimum of 2 hours, requiring water for 

the setting reaction, which may be prolonged in dry application sites. Moisture from dentinal tubules suffices, 

eliminating the need for additional moisture. ERRM is insoluble, produces calcium hydroxide upon contact with 

water, maintains a pH above 12, exhibits antimicrobial properties, is radiopaque, and offers excellent sealing as 

a root-end filling material. Importantly, it is free from aluminium. Human studies comparing ERRM and MTA 

showed similar outcomes in dentinal bridge formation and pulp inflammation appearance. However, MTA-

treated patients reported less cold sensitivity than those treated with ERRM.63 Anujalkhur et al. observed 

chronic mild inflammation in the dentinal bridge of two out of five sample specimens treated with ERRM 

during direct pulp capping.64 In another study by Sultana N et al., ERRM showed double the odds of treatment 

failure compared to MTA in vital pulp therapies with a 730-day follow-up. Further clinical research is needed to 

fully assess ERRM's long-term efficacy as a pulp-capping agent in primary and permanent teeth.65Activa™ 

BioActive Restorative, developed by Pulpdent Corp., combines the strength and aesthetics of composite 

materials with the benefits of glass ionomers to mimic natural teeth. It features a patented bioactive ionic resin, a 

durable rubberized resin, and bioactive ionomer glass. This material supports the diffusion of calcium, 

phosphate, and fluoride ions, which aids in remineralization and strengthens bonds. With minimal 

polymerization shrinkage (1.7%) and a deep light cure capability (4 mm), Activa™ allows for efficient and 

quick restorations with larger increments. It effectively manages class I and class II caries in primary molars, 
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particularly in challenging isolation conditions or high caries index scenarios, thanks to its fluoride-releasing 

properties.66 

 

III. Conclusion: 
In today's era focused on regeneration, the re-mineralization of demineralized dental hard tissue is a 

critical necessity. Continuous advancements in technology drive an ongoing search for biomimetic materials 

that can safeguard and preserve the health of both hard and soft tissues. It is crucial to comprehend the 

properties of current bioactive materials thoroughly to harness their beneficial effects optimally. Furthermore, 

there is a pressing need for increased research to develop new materials based on existing concepts, capable of 

mimicking and replacing natural hard and soft tooth structures, as well as surrounding bone. Novel approaches 

for adhesion and integration of these materials are being actively pursued, promising to revolutionize the 

treatment of teeth and shape the future of dentistry. 
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