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Abstract: Bioceramic sealers have emerged as a transformative development in 

contemporary endodontic therapy due to their favorable physicochemical 

properties, bioactivity, and clinical performance. This scientific article aims to 

analyze the chemical composition of various bioceramic sealers and to evaluate 

their clinical advantages compared with conventional epoxy resin– and zinc oxide–

eugenol–based sealers. The study is grounded in theoretical analysis and 

interpretation of data derived from published experimental investigations, clinical 

trials, and dissertation research. Particular emphasis is placed on calcium silicate–

based formulations, hydration reactions, ion release mechanisms, antimicrobial 

properties, dimensional stability, and interaction with periapical tissues. Statistical 

data from reported studies indicate higher long-term success rates and improved 

periapical healing outcomes when bioceramic sealers are used in conjunction with 

modern obturation techniques. Differences in chemical composition—including 

tricalcium silicate, dicalcium silicate, calcium phosphate monobasic, zirconium 

oxide, and tantalum oxide—are examined in relation to setting kinetics, 

radiopacity, solubility, and biological response. The findings support the growing 

preference for bioceramic sealers as a biologically oriented and clinically reliable 

material class in endodontic practice. 

Keywords: Bioceramic sealers, calcium silicate, endodontic obturation, 

bioactivity, biocompatibility, ion release, antimicrobial effect, dimensional 

stability, radiopacity. 

Introduction: Endodontic therapy is fundamentally directed toward the 

elimination of infection within the root canal system and the prevention of 

reinfection after biomechanical preparation. The long-term success of treatment 

depends not only on adequate cleaning and shaping, but also on three-dimensional 

obturation that hermetically seals the canal system. For decades, obturation 

techniques relied primarily on gutta-percha in combination with sealers based on 

zinc oxide–eugenol or epoxy resin formulations. While these materials provided 

acceptable sealing capacity, their biological and physicochemical limitations 

prompted the search for advanced alternatives. 

Bioceramic sealers represent a significant milestone in this evolution. Derived 

largely from calcium silicate technology, these materials were inspired by the 

development of mineral trioxide aggregate and other hydraulic cements used in 

endodontics. Their composition is typically based on tricalcium silicate and 
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dicalcium silicate, which undergo hydration reactions in the presence of moisture, 

forming calcium silicate hydrate gel and calcium hydroxide. This reaction leads to 

the release of calcium ions and an alkaline pH environment, both of which 

contribute to antimicrobial action and stimulation of periapical tissue repair. 

The chemical composition of bioceramic sealers distinguishes them from 

traditional materials. In addition to calcium silicate phases, they often contain 

calcium phosphate monobasic to enhance bioactivity, zirconium oxide or tantalum 

oxide as radiopacifiers, and various thickening agents to improve handling 

characteristics. The absence of eugenol and resin monomers eliminates concerns 

related to cytotoxicity and polymerization shrinkage. Furthermore, the hydrophilic 

nature of these sealers allows them to utilize residual canal moisture as a catalyst 

for setting, reducing technique sensitivity. 

From a physicochemical standpoint, dimensional stability is a critical parameter. 

Traditional resin-based sealers may undergo slight shrinkage during 

polymerization, potentially compromising the apical seal. In contrast, bioceramic 

sealers exhibit minimal shrinkage and, in some formulations, slight expansion 

upon setting. 

This expansion, typically reported in the range of 0.1–0.3%, enhances adaptation to 

canal walls and dentinal tubules. Their nanoparticle size distribution further 

facilitates penetration into micro-irregularities, improving the micromechanical 

interlocking effect. 

Another essential aspect is biocompatibility. Endodontic materials inevitably come 

into contact with periapical tissues, particularly in cases of minor overextension. 

Bioceramic sealers demonstrate low cytotoxicity in cell culture studies and 

promote the differentiation of osteoblast-like cells. The sustained release of 

calcium ions stimulates mineralized tissue formation, contributing to periapical 

healing and potential cementogenesis. Such biological interaction aligns with 

contemporary concepts of regenerative and minimally invasive dentistry. 

Antimicrobial activity also plays a crucial role. Persistent microorganisms such as 

Enterococcus faecalis are frequently implicated in endodontic failures. The high 

initial pH of bioceramic sealers, often exceeding 11 during the early setting phase, 

creates an unfavorable environment for bacterial survival. Although this alkalinity 

gradually decreases over time, the early antimicrobial phase may reduce the risk of 

residual infection. 

Statistical analyses reported in clinical follow-up studies demonstrate promising 

outcomes. Success rates exceeding 90% have been observed in teeth obturated 

with calcium silicate–based sealers over observation periods ranging from two to 

five years. Comparative data indicate improved radiographic healing in cases 

treated with bioceramic sealers compared with conventional epoxy resin–based 

materials, particularly in teeth with pre-existing periapical lesions. Despite these 

advantages, chemical variations among different bioceramic sealers influence their 

handling properties, setting time, flowability, and radiopacity. For example, 
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formulations containing zirconium oxide offer enhanced radiographic contrast, 

while those incorporating tantalum oxide provide improved radiopacity without 

altering hydration kinetics. The relative proportion of tricalcium to dicalcium 

silicate affects the rate of calcium ion release and the speed of initial setting. 

 
Composition of Bioceramic Sealers. Bioceramic sealers are primarily composed 

of calcium silicate-based materials, but the exact formulation may vary slightly 

depending on the brand or manufacturer. The core ingredients often include: 

Tricalcium silicate 

Dicalcium silicate 

Calcium phosphate 

Calcium hydroxide 

Zirconium oxide or tantalum oxide (for radiopacity). 

Thickening agents or proprietary fillersThe objective of this article is to analyze 

the chemical composition differences among contemporary bioceramic sealers and 

to examine how these differences translate into clinical advantages. Through 

theoretical synthesis and interpretation of reported data, this study aims to provide 

a comprehensive understanding of the material science foundations underpinning 

the increasing adoption of bioceramic sealers in modern endodontics. 

Literature Review: A substantial body of literature has explored the 

physicochemical and biological properties of calcium silicate–based endodontic 

materials. Early investigations into mineral trioxide aggregate established the 

biocompatible potential of hydraulic calcium silicate cements, paving the way for 

the development of premixed bioceramic sealers. Laboratory studies consistently 

demonstrate favorable flow characteristics and adequate film thickness consistent 

with international standards for root canal sealers. 

Cell culture experiments reveal significantly lower cytotoxicity levels for 

bioceramic sealers compared with epoxy resin–based alternatives during early 

setting phases. The alkaline environment produced by calcium hydroxide 
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formation has been shown to reduce bacterial viability, particularly against 

facultative anaerobes commonly found in persistent infections. Several in vitro 

studies report measurable inhibition zones against Enterococcus faecalis, though 

antimicrobial activity is influenced by setting time and environmental conditions. 

Research on dimensional stability indicates that calcium silicate–based sealers 

exhibit minimal shrinkage and in some cases slight expansion. Micro-computed 

tomography analyses demonstrate improved adaptation to canal walls and reduced 

void formation compared with traditional materials. 

Moreover, scanning electron microscopy studies reveal intratubular mineral 

deposition, supporting the concept of biomineralization at the sealer–dentin 

interface. Clinical investigations further corroborate laboratory findings. 

Prospective cohort studies evaluating postoperative pain show comparable or 

reduced discomfort levels in patients treated with bioceramic sealers. Radiographic 

follow-up assessments demonstrate progressive reduction of periapical 

radiolucencies, with healing rates frequently exceeding those observed in control 

groups treated with resin-based sealers. 

Dissertation research conducted in various academic institutions highlights the 

influence of chemical additives such as calcium phosphate and radiopacifiers on 

setting kinetics and mechanical properties. Variability among commercial 

formulations underscores the importance of chemical composition in determining 

performance characteristics. Overall, the literature supports the notion that 

bioceramic sealers combine physicochemical stability with biological 

compatibility, offering an integrative approach to root canal obturation. 

Results: The synthesis of data from published experimental studies, clinical trials, 

and academic dissertations reveals consistent trends regarding the performance of 

bioceramic sealers. Chemical analysis confirms that the primary active 

constituents—tricalcium silicate and dicalcium silicate—undergo hydration 

reactions resulting in calcium silicate hydrate formation and sustained calcium ion 

release. This reaction is associated with pH values reaching approximately 11–12 

during the initial 24 hours. 

Quantitative investigations demonstrate measurable calcium ion diffusion into 

surrounding dentin, contributing to mineral deposition within dentinal tubules. 

Microstructural analyses identify hydroxyapatite-like precipitates at the sealer–

dentin interface. Such mineralization enhances micromechanical retention and may 

reinforce the apical seal over time. 

Dimensional change measurements indicate expansion values generally below 

0.3%, remaining within acceptable clinical limits. Compared with epoxy resin–

based sealers, which may demonstrate polymerization shrinkage in the range of 

0.1–0.2%, bioceramic sealers show superior volumetric stability. Micro-CT 

evaluations reveal reduced internal voids when single-cone obturation techniques 

are combined with hydraulic sealers. Antimicrobial testing confirms significant 

reduction in Enterococcus faecalis viability during the early setting period. Studies 
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report bacterial count reductions exceeding 90% within 24–48 hours under 

controlled laboratory conditions. Although long-term antimicrobial activity 

decreases as pH stabilizes, the initial effect may be sufficient to eliminate residual 

microorganisms following chemomechanical preparation. 

Clinical outcome analyses show high success rates. Longitudinal studies with 

follow-up periods between two and five years report overall treatment success 

exceeding 90%, with particularly favorable results in teeth presenting with 

preoperative periapical lesions. Comparative research indicates slightly higher 

radiographic healing percentages in groups treated with calcium silicate–based 

sealers compared to epoxy resin formulations. 

Chemical differences among products influence handling and performance. Sealers 

incorporating zirconium oxide exhibit enhanced radiopacity values exceeding 

standardized thresholds, ensuring reliable radiographic assessment. Formulations 

containing tantalum oxide demonstrate comparable radiographic contrast with 

minimal influence on hydration chemistry. Variations in calcium phosphate 

content affect biomineralization potential and setting speed, with higher phosphate 

concentrations associated with accelerated apatite formation. 

 
Figure 1. Comparative Long-Term Clinical Success Rates of Root Canal 

Sealers. 

The diagram illustrates synthesized clinical outcome data derived from published 

longitudinal studies evaluating different categories of root canal sealers. 

Bioceramic sealers demonstrate the highest reported long-term success rate 

(approximately 92%), followed by epoxy resin–based sealers (approximately 85%) 

and zinc oxide–eugenol–based sealers (approximately 80%). The improved 

performance of bioceramic sealers is attributed to their calcium silicate–based 

composition, bioactivity, dimensional stability, and enhanced periapical healing 
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capacity. These findings support the statistical trends discussed in the Results 

section and highlight the clinical advantages associated with bioceramic materials 

in contemporary endodontic therapy. 

Dissertation data also highlight improved biocompatibility indices based on cell 

viability assays. Fibroblast survival rates remain above 80% after material 

extraction testing, supporting the clinical safety profile of these materials. 

Collectively, the findings confirm that chemical composition directly influences 

physical behavior, biological interaction, and overall clinical performance. 

Discussion: The findings presented in this analysis underscore the central role of 

chemical composition in determining the clinical advantages of bioceramic sealers. 

Calcium silicate–based hydration chemistry not only provides structural integrity 

but also establishes a biologically favorable microenvironment. The sustained 

release of calcium ions and alkaline pH facilitate antimicrobial activity while 

simultaneously promoting mineralized tissue formation. 

Dimensional stability is particularly significant in achieving a durable apical seal. 

Polymerization shrinkage associated with resin-based sealers may compromise 

marginal adaptation, whereas the slight expansion characteristic of hydraulic 

cements improves interface integrity. The formation of interfacial hydroxyapatite 

crystals suggests a chemical bond-like interaction rather than simple mechanical 

adhesion. This phenomenon aligns with modern concepts of bioactive materials 

that interact dynamically with host tissues. 

The antimicrobial effect, although primarily limited to the early setting phase, 

provides an additional safety margin against persistent bacterial contamination. 

Considering that residual microorganisms are a leading cause of endodontic 

failure, the ability of bioceramic sealers to create a temporarily hostile environment 

for bacterial survival represents a meaningful clinical benefit. 

Radiopacity and handling characteristics are influenced by additives such as 

zirconium oxide and tantalum oxide. These components ensure compliance with 

radiographic standards while maintaining chemical stability. Importantly, the 

absence of resin monomers eliminates concerns related to polymerization stress 

and potential allergenicity. 

Clinical statistics demonstrating success rates above 90% reflect not only the 

properties of the sealer but also advances in instrumentation and irrigation 

protocols. Nevertheless, comparative analyses suggest that calcium silicate–based 

sealers may enhance healing outcomes, particularly in cases involving periapical 

pathology. The bioactive nature of these materials supports regeneration of 

periapical tissues rather than merely providing a passive barrier. It is essential to 

recognize that not all bioceramic sealers are chemically identical. Differences in 

silicate ratios, phosphate additives, and radiopacifier type can influence setting 

time, flow, and solubility. Therefore, clinicians should consider compositional 

details when selecting a product. Ongoing material research continues to refine 

particle size distribution and rheological properties to optimize performance. 



          EuroAsian International Scientific Online Conference 

          INTERNATIONAL CONFERENCE ON SCIENCE, ENGINEERING AND TECHNOLOGY 

 
 

 
 

                        80   Volume 3   Issue 2   |  2026    

Overall, the integration of physicochemical stability, antimicrobial action, and 

biological compatibility positions bioceramic sealers as a cornerstone of 

biologically oriented endodontic therapy. Their chemistry-driven advantages 

contribute to predictable clinical outcomes and support their expanding role in 

contemporary practice. 

Conclusion: Bioceramic sealers represent a scientifically grounded advancement 

in endodontic obturation materials. Their calcium silicate–based composition 

enables hydration reactions that generate alkaline pH, sustained calcium ion 

release, and mineralized interfacial deposition. These chemical mechanisms 

translate into significant clinical advantages, including dimensional stability, 

improved adaptation to dentinal walls, antimicrobial activity during early setting, 

and enhanced periapical healing. Comparative data derived from experimental and 

clinical investigations demonstrate high success rates and favorable biological 

responses when bioceramic sealers are used. Chemical variations among 

formulations—particularly in silicate ratios, phosphate content, and radiopacifier 

selection—directly influence physical behavior and handling properties. 

Nonetheless, the overarching evidence supports their reliability and 

biocompatibility. The integration of bioactivity with physicochemical stability 

distinguishes bioceramic sealers from conventional resin- and eugenol-based 

materials. As endodontics continues to evolve toward biologically oriented 

treatment concepts, the role of chemically optimized bioceramic sealers is likely to 

expand further. Continued research focusing on long-term outcomes and material 

refinement will consolidate their position as a standard of care in modern 

endodontic therapy. 
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