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ABSTRACT :

The superior biological activity and compatibility of bioceramics render them a favored option in dentistry, particularly in endodontics. The predominant bioceramic
employed in endodontics is mineral trioxide aggregate (MTA). Numerous novel bioceramics demonstrated potential for endodontic therapy. This review examines
bioceramics and their application in endodontic procedures, including root-end filling, root canal therapy, vital pulp therapy, apexification/regenerative endodontic
treatment, perforation repair, and root defect repair. Novel bioceramics like as Biodentine, EndoSequence, and calcium-enriched formulations have exhibited
promising clinical outcomes; however, further controlled studies are necessary to validate their application in endodontics. To resolve endodontic issues,
bioceramics require enhancement in their biological activity, including antibacterial properties, mechanical characteristics, and diminished setting time and

solubility.
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Introduction-

Advancements in the science of materials underscore the essential function of endodontic materials in the outcomes of treatment, leading to the practical
adoption of calcium silicate-based materials (Bioceramics) due to their superior physicochemical and biological qualities. Bioceramics include materials
such as alumina, zirconia, bioactive glass, hydroxyapatite, calcium phosphate, and mostly calcium silicate-based cements (1). They are categorised into
bioinert, biologically active, and disposable types, with calcium silicate hydraulic cements (e.g., MTA, Biodentine, Endosequence) being the most
commonly used in endodontic therapy.(2)

Mineral Trioxide Aggregate (MTA), launched in 1993 and permitted by the FDA by 1997, continues to be the benchmark for bioceramic applications
owing to its exceptional biological compatibility, seal efficacy, and capacity to promote hydroxyapatite formation.(3) MTA's intrinsic benefits have
established it as a fundamental component in endodontics, especially for root end fillings and pulp therapy; nonetheless, its disadvantages, such as
prolonged setting periods, elevated costs, and the risk of tooth discolouration, have prompted the creation of novel calcium silicate-based materials.(4)
Contemporary bioceramics, such as Biodentine, Bioaggregate, Endosequence, iRoot, and calcium-enriched mixture (CEM), seek to preserve the
advantages of MTA while mitigating its drawbacks—enhancing workability, minimising discolouration, decreasing setting time, removing heavy metal
content, and strengthening mechanical strength.(5)

The primary benefits of bioceramics include exceptional biocompatibility, dimensional stability (they do not contract and may slightly expand for optimal
sealing), intrinsic antibacterial properties due to elevated pH during setting, hydrophilicity, and the capacity to enhance mineralisation and tissue
regeneration. These characteristics facilitate their efficacy in creating resilient seals, promoting healing, and functioning as dependable obturation
materials. Calcium silicate-based bioceramics provide significant advantages, establishing them as an essential component of standard endodontic
procedures. (6-9)
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Applications of various bioceramics in Endodontics -

Recently, endodontic techniques have increasingly utilised bioceramics. Materials such as MTA, Biodentine, BioAggregate, BC Putty, and CEM are

commonly utilised for retrograde obturation, management of deep caries, apexification/regenerative endodontic therapy, repair of perforation sites, and

remediation of root defects. Bioceramics, available in powder-liquid and paste forms such as BioRoot RCS and BC Sealer, are commonly employed in

endodontic obturations.

1.

Strategies for Managing Deep Caries

Recently discovered active restoration materials have facilitated less aggressive and less invasive operations for damaged dental pulp.(10)
Essential Pulp Therapy Alternatives, including as direct and indirect pulp capping, along with the pulpotomy, are conservative techniques
aimed at preserving dental pulp life and functionality following injury. Selecting the appropriate capping material is essential, and MTA is
commonly utilised and studied.(11) The AAE agreement advocates for the use of CSCs in the treatment of deep tooth decay due to their
effective clinical results.(12)

MTA employed in VPT yields constant treatment outcomes and preserves pulp viability more effectively than calcium hydroxide.(13,14)
BioAggregate serves as a feasible alternative to MTA for pulp capping and demonstrates excellent under laboratory conditions biological
compatibility.(15) Remedial dentinal bridges can be created with BC Putty, which is also pulp tissue friendly. The clinic-histological efficacy
of biodentine in vital pulp therapy surpasses that of calcium hydroxide, evidenced by reduced postoperative pain and sensitiveness, enhanced
dentinal bridge formation, and diminished pulpal infection. (16)

Pulpotomy is a surgery that involves the excision of inflammatory coronal pulp to preserve the health of the radicular pulp. Pulpotomy may
be classified as either full or partial based on the degree of dental pulp resection.(17) MTA in pulpotomy can produce outstanding results,
supported by robust evidence.(18) Recently, pulpotomy utilising Biodentine has demonstrated excellent sealability and improved outcomes.
(19) BC Putty has demonstrated superior compliance among patients for pulpotomy and may be regarded as a viable option.(20)

Figure 1: Clinical Procedure of Indirect Pulp Capping with MTA

Endodontic Obturation

Bioceramic root canal sealers, primarily calcium silicate-based formulations like EndoSequence BC Sealer, BioRoot RCS, and TotalFill BC,
have transformed obturation techniques. These compounds exhibit exceptional biocompatibility, hydrophilicity, and stability in dimension,
expanding marginally (< 0.2%) upon setting and establishing a chemical link with dentin via apatite-like precipitate, thereby augmenting their
sealing efficacy. (21,22) Their superior fluidity and small particle size enable the implementation of streamlined obturation protocols—
particularly via hydraulic condensing or single-cone technique—where gutta-percha primarily acts as a conduit for the sealer, thereby
simplifying processes and alleviating tension on the root framework. (23,24) A substantial retrospectively clinical investigation indicated a
90.9% rate of success at thirty months. with BC sealer-based obturations.(25) Despite considerations regarding retreatability—evidence
indicates that sealer remnants may endure—attaining working duration and integrity during retreatment is typically feasible.(26) Calcium
silicate—based sealers provide a biologically advantageous, simple to operate, and efficient replacement to conventional root canal sealers.

Regenerating Endodontic Techniques

The objective of these biologically inspired treatments is to restore the root canal system with a functioning pulp-dentin complex, primarily
in young adult teeth suffering from death.(27) Calcium silicate bioceramics have a crucial role as bioactive scaffolding or hermetic barriers
that facilitate stem cell migration, angiogenesis, which odontoblastic distinction, and hard-tissue development. Their hydrophilic properties,
alkaline levels, and continuous release of calcium create an advantageous environment for dental pulp stem cells, while also promoting
mineralised apical barrier creation and inhibiting microbial growth. Clinical treatments frequently employ clots of blood or collagen-based
indigenous scaffolding in conjunction with bioceramics—such as MTA or Biodentine coronal plugs—to occlude canals and facilitate
continued biological activity. Preclinical and growing clinical research indicate that functionalised scaffolds containing calcium silicate
bioceramics can improve cell homing and pulp regrowth, while a full reconstruction of vascularised, innervated pulp tissue remains a desirable
objective.(28) As study advancements, hybrid structures integrating bioceramics with growth factors, nanofibrous matrices, and stem cells are
demonstrating potential in advancing the field from straightforward tissue repair to authentic pulp renewal, restoring perceptual and
immunological functions.(29)

Apical end Filling

Apexification in immature permanent teeth has advanced considerably with the introduction of calcium silicate bioceramics, including MTA,
Biodentine, and bioceramic putties, converting apical closure from a lengthy, multi-visit procedure to a streamlined, effective single-visit
treatment. MTA is regarded as the "standard of excellence" for apical barriers, providing dependable hard-tissue development, superior sealing
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capability, and elevated clinical response rates—reaching 96% in future case studies. (30) Significant research demonstrates that complete
canal obturation with MTA markedly improves resistance to fractures in juvenile teeth (31), Extensive study indicates that full canal obturation
with MTA significantly enhances durability against fractures in adolescent teeth. (23) Bioceramic putties such as BC RRM and TotalFill BC
Putty have exhibited encouraging clinical and radiological results, with rates of success reaching 100% in certain cases, facilitating apical
repair and root development. Furthermore, CEM cement exhibits resistance to fractures and permeability efficiency comparable to MTA;
however, further clinical testing is required. (2)

5.  Perforation Repair:
The American Association of Endodontists defines root canal perforation as a physiologically or pathologically linked connection between
the pulp space system and the external surface of the tooth (34). Such perforations can lead to significant gingival deterioration, encompassing
inflammatory reactions, breakdown of periodontal fibres, decreased bone density, and the formation of abnormalities. They generally occur
during clinical operations, such as the fabrication of access cavities or the building of post spaces, and can also happen from internal resorption
(35,36).

Advancements in nanomaterials have significantly enhanced the results of perforation correction. Prior materials, such as zinc oxide eugenol
(ZOE), glass ionomer cement (GIC), and composite resins, have been employed; however, their use has been limited by insufficient
compliance and variable clinical results (37-41). The emergence of bioceramic materials has revolutionised perforation management due to
its remarkable securing capacity, biological dependability, and regenerative potential. Biodentine demonstrates beneficial operational
properties and clinical efficacy (42), in contrast, EndoSequence exhibits superior sealing properties, particularly in furcation defects (43).
BioAggregate exhibits enhanced resilience to acidic environments relative to MTA (44,45).

6.  Repair of resorption (Internal and external):
Internal root resorption is a challenging endodontic condition characterised by irregular diseased morphology and an elevated likelihood of
external root perforation. Despite these constraints, the principal treatment objective remains the preservation of a functional dentition.
Advancements in materials research, particularly in the development of bioceramic materials with superior biophysical and physiological
properties, have significantly improved the care of these situations. Their bioinert properties, significant biocompatibility, and harmless nature
render bioceramics especially suitable for mitigating resorptive inadequacies (46).
A fundamental challenge in managing internal resorption is creating a multidimensional, hermetic seal within the irregular cavity. Traditional
obturation techniques often do not align with the resorptive architecture. Consequently, bioceramic materials have attained therapeutic
importance due to their exceptional sealing capability and user-friendliness (47).
MTA demonstrates significant reparative ability because to its high alkalinity (pH 12.5) and inherent antibacterial properties, which promote
cementogenesis and periradicular bone growth (48-50).

7. Endodontic microsurgery:

Endodontic microsurgery (EMS) is a recognised procedure for the conservation of teeth impacted by intricate periapical diseases. The integrity
of the root-end filling is a crucial factor in surgical success, since it is vital for establishing a lasting apical seal, thus reducing microleakage
and the likelihood of reinfection (2). In contrast, peri-radicular cauterisation performed with no root-end filling fails to address the underlying
cause of periapical leaks and offers negligible lasting advantages. Extensive clinical evidence underscores the substantial influence of root-
end filling materials on the total efficacy of surgical endodontic procedures (51). The standard scopic strategy involves 3 mm of apical resection
followed by 3 mm of retro prep of the cavity, an essential step in both microsurgical and intentional replantation methods (52,53) Mineral
trioxide aggregate (MTA) remains the preferred material for retrograde filling owing to its excellent sealing properties, biologic compatibility,
and sustained clinical efficacy. Numerous long-term investigations have evidenced elevated recovery percentages with MTA: Caligkan et al.
observed a healing rate of 80% over a 2—6 year monitoring including 90 anterior teeth (54); von Arx et al. recorded an 81.5% healing rate in
119 teeth over a 10-year follow-up period(55,56).

Conclusion:

Bioceramics are increasingly essential in endodontic routine, providing biodegradable and bioactive options that tackle various issues related to
endodontic procedures. Although materials such as MTA previously established the benchmark, continuous innovations have sought to address its
limitations and improve overall material efficacy. Currently, bioceramics are extensively utilised in endodontics and restorative dentistry.
Notwithstanding their advantageous biological and mechanical characteristics, existing bioceramic materials possess certain limitations. Frequently
mentioned problems encompass tooth discolouration, extended setting durations, challenges in handling, and compatibility issues. Furthermore, a
significant portion of the current research relies on in vitro investigations, which may not accurately represent clinical efficacy, and literature reviews
frequently exhibit overgeneralisation. These issues underscore the necessity for ongoing advancement and clinical verification of bioceramic materials.
Ultimately, remaining updated about the newest breakthroughs is crucial for picking the most suitable material for each clinical circumstance and

optimising treatment outcome.
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