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A B S T R A C T

Background: Postoperative pain and periapical tissue healing are considered essential parameters for evaluating 
the success of endodontic treatment. In recent years, advances in obturation techniques, irrigation protocols, and 
calcium silicate–based sealers have substantially influenced clinical endodontic practice. Despite these in
novations, the extent to which these factors affect patient-centered outcomes and long-term periapical repair is 
still not fully clarified.
Objective: This systematic review aimed to critically assess the available clinical evidence regarding the influence 
of obturation techniques, endodontic sealers, and irrigation strategies on postoperative pain and periapical 
healing after root canal therapy.
Methods: An extensive literature search was conducted to identify randomized clinical trials and prospective 
studies investigating postoperative pain and/or radiographic healing after primary root canal treatment. The 
selected studies evaluated different obturation techniques, including single-cone obturation, lateral condensa
tion, warm vertical compaction, and thermoplasticized systems, as well as different sealer formulations such as 
calcium silicate–based and resin-based materials. Variations in irrigation protocols were also considered. The 
primary outcome was postoperative pain evaluated using validated assessment tools, predominantly the visual 
analogue scale (VAS). Secondary outcomes included radiographic evidence of periapical healing, obturation 
quality, incidence of sealer extrusion, flare-up occurrence, and overall treatment success. Risk of bias and 
methodological variability among the included studies were qualitatively analyzed.
Results: The analyzed evidence indicates that postoperative pain following root canal treatment is usually mild to 
moderate and progressively decreases during the first postoperative days, regardless of the obturation technique 
used. Studies comparing calcium silicate–based sealers with resin-based sealers reported similar short-term 
postoperative symptoms, although some investigations suggested improved biological behavior associated 
with calcium silicate materials. Differences among obturation techniques appeared to have minimal impact on 
early postoperative discomfort. Furthermore, long-term radiographic evaluations demonstrated comparable 
periapical healing among the investigated treatment protocols. Nevertheless, variability in study design, follow- 
up duration, and outcome reporting limited the possibility of direct quantitative comparison between studies.
Conclusions: Current evidence suggests that contemporary obturation techniques and modern endodontic sealers 
provide similar short- and medium-term clinical outcomes in terms of postoperative pain and periapical healing. 

* Corresponding author.
E-mail addresses: angelomichele.inchingolo@uniba.it (A.M. Inchingolo), graziamarinelli@live.it (G. Marinelli), pietro.lauria@uniba.it (P. Lauria), pierluigi. 

marotti@uniba.it (P. Marotti), silvia.chieppa@uniba.it (S. Chieppa), francesco.inchingolo@uniba.it (F. Inchingolo), andrea.palermo@unisalento.it (A. Palermo), 
massimo.delfabbro@unimi.it (M. del Fabbro), alessiodanilo.inchingolo@uniba.it (A.D. Inchingolo), gianna.dipalma@uniba.it (G. Dipalma). 

1 These authors contributed equally as first authors.
2 These authors contributed equally to this work as last authors.

Contents lists available at ScienceDirect

Advances in Oral and Maxillofacial Surgery

journal homepage: www.sciencedirect.com/journal/advances-in-oral-and-maxillofacial-surgery

https://doi.org/10.1016/j.adoms.2026.100686
Received 28 May 2026; Accepted 30 May 2026  

Advances in Oral and Maxillofacial Surgery 23 (2026) 100686 

Available online 1 June 2026 
2667-1476/© 2026 The Author(s). Published by Elsevier Ltd on behalf of British Association of Oral and Maxillofacial Surgeons. This is an open access article under 
the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

https://orcid.org/0000-0003-3797-5883
https://orcid.org/0000-0003-3797-5883
https://orcid.org/0000-0002-6366-1039
https://orcid.org/0000-0002-6366-1039
https://orcid.org/0000-0002-5947-8987
https://orcid.org/0000-0002-5947-8987
mailto:angelomichele.inchingolo@uniba.it
mailto:graziamarinelli@live.it
mailto:pietro.lauria@uniba.it
mailto:pierluigi.marotti@uniba.it
mailto:pierluigi.marotti@uniba.it
mailto:silvia.chieppa@uniba.it
mailto:francesco.inchingolo@uniba.it
mailto:andrea.palermo@unisalento.it
mailto:massimo.delfabbro@unimi.it
mailto:alessiodanilo.inchingolo@uniba.it
mailto:gianna.dipalma@uniba.it
www.sciencedirect.com/science/journal/26671476
https://www.sciencedirect.com/journal/advances-in-oral-and-maxillofacial-surgery
https://doi.org/10.1016/j.adoms.2026.100686
https://doi.org/10.1016/j.adoms.2026.100686
http://creativecommons.org/licenses/by-nc-nd/4.0/


Postoperative discomfort appears to depend on multiple factors and cannot be related exclusively to the obtu
ration technique or sealer type. Additional well-designed long-term clinical studies using standardized meth
odologies are required to strengthen the evidence supporting clinical decision-making in endodontics.

1. Introduction

Endodontic therapy has progressively evolved from a predominantly 
mechanical and infection-centered discipline toward a biologically ori
ented and patient-centered approach [1–3]. Contemporary endodontics 
increasingly emphasizes the preservation of tooth structure, the main
tenance of pulp vitality when possible, and the promotion of periapical 
healing through bioactive materials and minimally invasive techniques 
[4–6]. Within this paradigm shift, calcium silicate–based materials, 
commonly referred to as bioceramics, have gained widespread attention 
and acceptance due to their unique physicochemical and biological 
properties [7–9]– (see Table 1).

Bioceramic materials are characterized by their hydrophilic nature, 
alkaline pH, antimicrobial activity, and capacity to release calcium ions, 
which contribute to hydroxyapatite formation and the stimulation of 
mineralized tissue deposition [10–12]. These properties underpin the 
excellent biocompatibility of calcium silicate–based materials [13–15]. 
They also contribute to their ability to support favorable interactions 
with both pulpal and periapical tissues [16–18]. In this context, their 
biological behavior plays a crucial role in promoting tissue healing and 
regeneration[19–21].

As a result, calcium silicate–based materials have been increasingly 
utilized across a broad spectrum of endodontic procedures [22–24]. 
These applications include root canal obturation, vital pulp therapy, 
apexification, perforation repair, and regenerative endodontic treat
ments [25–28]. Their versatility across different clinical scenarios 
further highlights their growing relevance in contemporary endodontics 
[29–32].

A key distinguishing feature of hydraulic calcium silicate–based 
sealers is their hydration-dependent setting reaction [33–36]. This 
characteristic differentiates them significantly from traditional 
resin-based sealers [37–39]. The latter require strict canal desiccation to 
ensure optimal adhesion and sealing ability. In contrast, bioceramic 
sealers can tolerate the presence of residual moisture within the root 
canal system [40–42].

Importantly, in some cases, they may even benefit from controlled 
levels of residual moisture [43–45]. This property challenges 
long-standing clinical protocols that advocate complete drying of the 
canal prior to obturation [46–48]. Consequently, it introduces a more 
nuanced understanding of the role of moisture in endodontic procedures 
[49–52].

Controlled residual moisture may enhance sealer penetration into 
dentinal tubules. It may also improve adaptation to canal walls and 
reduce void formation [53–55]. Together, these effects contribute to a 
more effective and durable seal [56–58].

However, excessive moisture may adversely affect the material's flow 
characteristics [59–61]. It may also increase porosity, thereby poten
tially compromising obturation quality [62–64]. These contrasting ef
fects emphasize the need for careful moisture control during clinical 
procedures [64–66].

Overall, these considerations highlight the importance of balancing 
material chemistry with clinical technique [67–69]. This balance is 
essential to optimize the performance of bioceramic materials and 
achieve predictable treatment outcomes [70–73].

In parallel with advancements in material science, there has been a 
growing interest in simplifying endodontic procedures to improve effi
ciency and reproducibility [74–76]. Techniques such as the single-cone 
obturation method have gained popularity, particularly when used in 
conjunction with bioceramic sealers [77–80]. Emerging evidence sug
gests that, when appropriate protocols are followed, simplified 

techniques can achieve clinical and radiographic outcomes comparable 
to more complex condensation methods [81–83]. This has significant 
implications for clinical practice, as it may reduce technique sensitivity, 
chair time, and operator variability while maintaining high standards of 
care [64,84–86].

Beyond obturation, the application of bioceramic materials in vital 
pulp therapy represents a major advancement in conservative dentistry 
[87–89]. Traditionally, irreversible pulpitis in both primary and per
manent teeth was managed with complete root canal treatment [90–92]. 
However, the bioactive properties of calcium silicate–based materials 
have enabled a shift toward less invasive approaches, such as pulpotomy 
and pulp capping, even in cases that were previously considered un
suitable for vital pulp preservation [93–95]. These materials promote 
the formation of reparative dentin, support pulpal healing, and maintain 
long-term tooth vitality [96,97] [Fig. 1]. Their effectiveness has been 
demonstrated in diverse clinical scenarios, including pediatric patients, 
immature teeth with open apices, and mature permanent teeth, thereby 
expanding the therapeutic options available to clinicians [90,98,99].

In addition, premixed bioceramic formulations have addressed some 
of the practical limitations associated with earlier materials, such as 
mineral trioxide aggregate (MTA) [100–102]. These ready-to-use ma
terials offer improved handling properties, reduced setting variability, 
and lower technique sensitivity, making them particularly suitable for 
complex procedures such as apexification and pediatric endodontics 
[103–106]. Their ability to form a stable apical barrier and promote 
periapical healing has been associated with high clinical success rates, 
even in anatomically challenging cases [107–110].

Despite these advantages, the clinical performance of bioceramic 
materials is influenced by a range of procedural and environmental 
factors [111–114]. Variables such as obturation technique, the amount 
of sealer used, and the force applied during compaction may affect the 
risk of apical extrusion and, consequently, postoperative outcomes 
[115–117]. While extrusion of bioceramic materials may occur, their 
high biocompatibility generally results in minimal inflammatory 
response and low levels of postoperative pain. Nevertheless, careful 
control of clinical procedures remains essential to minimize potential 
complications and optimize patient comfort.

Environmental conditions within the root canal system and peri
apical tissues also play a critical role in determining material behavior. 
For instance, acidic conditions associated with periapical inflammation 
may interfere with the hydration process of calcium silicate–based ma
terials, alter their microstructure, and increase their solubility. Such 
changes may compromise mechanical stability and sealing ability, 
potentially affecting long-term treatment success. Moreover, anatomical 
variations, including canal sclerosis, calcifications, and open apices, 
further complicate treatment and require materials that can perform 
reliably under diverse conditions [118,119].

Importantly, the success of endodontic procedures involving bio
ceramic materials is not solely dependent on the intrinsic properties of 
the materials themselves. Clinical factors such as accurate diagnosis, 
appropriate case selection, effective hemostasis, proper canal disinfec
tion, and operator expertise play a fundamental role in determining 
treatment outcomes. This underscores the complex interplay between 
material science and clinical execution, highlighting the need for stan
dardized protocols and evidence-based guidelines.

Although a substantial body of research has investigated the prop
erties and applications of calcium silicate–based materials, the available 
evidence is heterogeneous and includes in vivo and clinical studies with 
varying methodologies, sample sizes, and follow-up durations. While in 
vitro and ex vivo studies provide valuable mechanistic insights into 
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Table 1 
Risk of Bias assessment.

Domains: D1: Bias due to confounding. D2: Bias arising from measurement of the exposure. D3: Bias in selection of participants 
into the study (or into the analysis). D4: Bias due to post-exposure interventions. D5: Bias due to missing data. D6: Bias arising 
from measurement of the outcome. D7:Bias in selection of the reported result.

Very high.

High.

Some concerns.
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material behavior, their direct translation to clinical practice is limited 
by the inability to fully replicate the biological environment. 
Conversely, clinical studies offer more relevant outcome data but may 
be influenced by confounding variables and methodological differences. 
Therefore, a comprehensive and systematic evaluation of the existing 
literature is necessary to integrate these findings and provide a clear 
understanding of the clinical implications [120–122].

In light of these considerations, the present systematic review aims to 
critically analyze and synthesize the current evidence on bioceramic 
calcium silicate–based materials in endodontics. Specifically, it seeks to 
evaluate their clinical effectiveness, biocompatibility, and impact on 
patient-centered outcomes, as well as to identify key procedural and 
environmental factors that influence their performance. By consoli
dating the available data, this review aims to provide clinicians and 
researchers with a robust evidence base to support the rational and 
effective use of bioceramic materials in contemporary endodontic 
practice, ultimately contributing to more predictable, conservative, and 
patient-oriented treatment strategies [123,124].

2. Materials and methods

2.1. search strategy

The present systematic review was conducted in accordance with the 
PRISMA guidelines and registered in the International Prospective 
Register of Systematic Reviews (PROSPERO ID 1346813).

A comprehensive literature search was performed to identify rele
vant studies evaluating postoperative pain and periapical healing 
following root canal treatment. The following electronic databases were 
screened: PubMed, Web of Science, and Scopus. The search focused on 
clinical studies, including randomized and prospective trials, without 
restriction to a single obturation technique or material type.

The search strategy was developed by combining keywords related to 
the topic of interest. Boolean operators were used to integrate the main 
terms, including:

(“root canal treatment” OR “endodontic therapy”) AND (“post
operative pain”) AND (“obturation technique” OR “single-cone” OR 
“lateral compaction” OR “warm vertical compaction”) AND (“bio
ceramic sealer” OR “calcium silicate-based sealer”) AND (“periapical 
healing”).

2.2. inclusion and exclusion criteria

Studies were selected according to predefined inclusion and exclu
sion criteria.

Inclusion criteria. 

• Randomized clinical trials and prospective clinical studies;
• Studies evaluating postoperative pain and/or periapical healing after 

primary root canal treatment;
• Studies comparing different obturation techniques, endodontic 

sealers (bioceramic vs. resin-based), or irrigation protocols;
• Studies conducted on human subjects.

Exclusion criteria. 

• In vitro and based on animal samples;
• Case reports, case series, reviews, and letters to the editor;
• Studies lacking relevant clinical outcomes or adequate follow-up.

2.2.1. PICO question
The review addressed the following PICO question:
“In patients undergoing primary root canal treatment, how do 

different obturation techniques, endodontic sealers, and irrigation pro
tocols influence postoperative pain and periapical healing?” 

• Population: patients undergoing primary root canal treatment;
• Intervention: different obturation techniques (e.g., single-cone, 

lateral compaction, warm vertical compaction), bioceramic sealers, 
and irrigation protocols;

• Comparison: alternative obturation techniques, resin-based sealers, 
or different irrigation strategies;

• Outcome: postoperative pain (commonly assessed using Visual 
Analogue Scale) and periapical healing evaluated radiographically.

2.3. data extraction and quality assessment

The selection process was carried out by multiple independent re
viewers. Studies were screened based on titles and abstracts, followed by 
full-text evaluation according to the inclusion and exclusion criteria.

The primary outcome was postoperative pain, predominantly 
measured using validated scales such as the Visual Analogue Scale 
(VAS), while secondary outcomes included periapical healing, obtura
tion quality, sealer extrusion, flare-up incidence, and overall clinical 
success.

The methodological quality and risk of bias of the included studies 
were qualitatively assessed, taking into account factors such as study 
design, heterogeneity, outcome reporting, and follow-up duration. Any 
disagreements among reviewers were resolved through discussion and 
consensus.

3. Results

3.1. Characteristics of included articles

Fig. 2 shows the flow diagram of a systematic review carried out 
using the PRISMA reporting criteria. The diagram describes the search 
strategy, inclusion and exclusion of publications at each stage of 
detection.

A total of 531 publications were identified in three databases, 
including PubMed (176), Web of Science (121), and Scopus (234), 
obtaining 289 records after the duplicates were deleted (242). The title 
and abstract analysis resulted in the exclusion of 226 articles because 
they were off-topic. The remaining 63 records were read deleting 52 
articles that did not fill the inclusion criteria. The evaluation includes a 
total of 11 publications for qualitative analysis.

3.2. Quality assessment and risk of bias of included articles

3.2.1. Risk of bias assessment

3.2.1.1. Nawar et al. (2024). This ex vivo investigation presents a 
moderate risk of bias, primarily related to limitations in external val
idity. Although the study design allowed for strict control of experi
mental variables, the artificial laboratory conditions do not fully 
reproduce the complex biological and clinical environment of the root 
canal system. Consequently, factors such as tissue response, moisture 
variability, and host-related conditions are not adequately represented. 
While selection and measurement procedures appear consistent and 
well-defined, the absence of in vivo validation reduces the direct 

Low.

No information.
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applicability of the findings to clinical practice, thus justifying a mod
erate overall risk classification.

3.2.1.2. Abada et al. (2025). This randomized clinical trial demon
strates a moderate risk of bias, despite adopting a prospective design and 
standardized clinical protocols. The study provides clinically relevant 
outcomes; however, insufficient detail regarding allocation concealment 
and blinding procedures may introduce potential performance and 
detection bias. Additionally, although postoperative outcomes were 
systematically assessed, the duration of follow-up may not be sufficient 
to fully capture long-term healing dynamics. These methodological 
limitations slightly reduce the internal validity of the study, even though 
the overall design remains robust.

3.2.1.3. Sobh Y.T.M. And ahmed M.R.A. (2024). This clinical study 
shows an overall low risk of bias, supported by a structured methodol
ogy and clinically applicable outcomes. The procedures appear to be 
well standardized, and outcome measures are clearly defined. Although 
some degree of operator dependency—particularly in procedures such 
as hemostasis and dentin conditioning—cannot be excluded, these fac
tors are inherent to clinical practice and do not substantially compro
mise the study's validity. The consistency between methodology and 
reported results supports the reliability of the findings.

3.2.1.4. Yan Yang et al. (2023). This study presents a low risk of bias, as 
the experimental procedures are clearly defined and consistently applied 
across all material groups and subgroups. While the study may not fully 
implement randomization or blinding, the specimen preparation, 
microhardness testing, and SEM/EDS analyses are rigorously described, 
and the measurement outcomes are transparently reported, minimizing 
the likelihood that potential biases would substantially affect the overall 
conclusions.

3.2.1.5. Turkyilmaz A., Durust Bbris S., Hhncerliogullari D., and Eedemir 
A. (2023). This study shows a low risk of bias, supported by a ran
domized, single-blind design and adherence to CONSORT guidelines. 
Sample size calculation and standardized outcome assessment enhance 
methodological reliability. Minor limitations related to partial blinding 
are unlikely to affect the overall validity of the results.

3.2.1.6. Dong M., Wwng X., and Mm J. (2025). This randomized clinical 
study presents a moderate risk of bias, primarily due to factors such as 
limited sample size and potential attrition during follow-up. Although 
the study design is methodologically appropriate and includes clinically 
relevant endpoints, the relatively small population may reduce statisti
cal power and increase variability. Furthermore, the inclusion of specific 
patient groups, such as older individuals with complex canal anatomy, 
may introduce confounding variables that are difficult to fully control. 
These elements justify a moderate risk classification despite the overall 
quality of the study.

3.2.1.7. Ghaly et al. (2025). This prospective clinical study shows a 
moderate risk of bias, mainly associated with sample size limitations and 
potential constraints in follow-up duration. While the clinical protocol 
appears standardized and the outcomes are relevant, the lack of 
extended longitudinal data may limit the assessment of long-term suc
cess and stability. Additionally, incomplete reporting of certain meth
odological aspects may affect reproducibility. Nevertheless, the study 
provides meaningful clinical insights, although with some limitations in 
robustness.

3.2.1.8. Nathani et al. (2024). This randomized controlled trial dem
onstrates a low risk of bias, supported by a well-structured study design 
and clearly defined outcome measures. The methodology appears 
consistent, and the assessment of postoperative pain and healing out
comes is performed using validated criteria. Although minor limitations 
related to blinding or follow-up duration may exist, these do not 
significantly impact the overall validity of the findings, which can be 
considered reliable and clinically relevant.

3.2.1.9. Alnassar et al. (2023). This randomized clinical trial presents a 
low risk of bias, with strong methodological consistency and appropriate 
standardization of clinical procedures. Outcome measures are clearly 
reported, and the study design minimizes potential confounding factors. 
While minor methodological limitations, such as sample size or partial 
blinding, may be present, they do not substantially affect the credibility 
or applicability of the results.

3.2.1.10. Suresh et al. (2025). This study demonstrates a low risk of 
bias, owing to its randomized design and adherence to standardized 
clinical protocols. Outcome evaluation appears systematic and reliable, 
and the study provides clinically meaningful data. Although complete 
blinding of outcome assessors is not always explicitly detailed, the 
overall methodological rigor supports the validity of the findings.

3.2.1.11. Zhang L. et al. (2024). This randomized study shows a low 
risk of bias, despite the presence of potential clinical confounding factors 
such as operator variability, preoperative pulp status, and procedural 
differences. These elements are intrinsic to clinical research and are 
difficult to eliminate entirely. However, the study design, data analysis, 
and outcome reporting are sufficiently robust to ensure reliable con
clusions, supporting a low overall risk classification.

4. Discussion

Nawar Naguib Nawar and colleagues provide foundational evidence 
regarding the influence of canal moisture on the performance of hy
draulic calcium silicate–based sealers. Their ex vivo study highlights 
that, unlike conventional resin-based sealers that require complete canal 
drying, bioceramic sealers benefit from slight residual moisture due to 
their hydration-dependent setting reaction. The authors demonstrated 

Fig. 1. Obturation of 4.5 with bioceramic sealer.
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that minimal moisture improves the sealer's adaptation to dentinal 
walls, reducing void formation and potentially enhancing the long-term 
seal [115,125,126]. Conversely, excessive canal wetness may compro
mise obturation quality by increasing porosity and affecting sealer flow. 
Notably, the study suggests that simplified obturation techniques such 
as the single-cone method can achieve outcomes comparable to more 
complex condensation techniques, provided the canal moisture is 
appropriately controlled. Clinically, this challenges traditional pro
tocols, suggesting that dentists may adopt a more nuanced approach to 
canal drying when using hydraulic sealers, balancing sufficient moisture 
for material hydration without compromising obturation quality. While 
the ex vivo design limits the direct translation to in vivo scenarios, the 
study provides mechanistic insight into the interaction between canal 
moisture, material chemistry, and obturation technique [127,128].

Hisham Mahmoud Hamdy Abada and colleagues examined the 
relationship between obturation technique, sealer extrusion, and post
operative pain in a randomized clinical setting. Their findings indicate 
that techniques exerting higher compaction forces or introducing more 

sealer into the canal can increase the risk of apical extrusion, potentially 
causing mild early postoperative discomfort. Importantly, overall pain 
levels remained low across the study population, highlighting the 
biocompatibility of calcium silicate–based sealers. This suggests that 
while extrusion may occur, the biological response to bioceramics is 
generally favorable, likely due to their alkaline pH, antimicrobial 
properties, and ability to induce mineral deposition at the sealer–tissue 
interface. Clinically, the study emphasizes that careful control of obtu
ration force and volume, alongside standardized protocols, can mini
mize postoperative morbidity while maintaining an adequate apical 
seal, reinforcing the safety and patient-centered advantages of bio
ceramic materials [103,129].

Yan Yang and colleagues explored how acidic environments, such as 
those associated with periapical inflammation, impact the physico
chemical properties of hydraulic calcium silicate–based and calcium 
phosphate silicate–based cements. Their in vivo study revealed that low 
pH conditions can disrupt the hydration process, alter microstructure, 
and increase solubility, potentially compromising mechanical stability 

Fig. 2. Prisma flowchart.
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and sealing ability. Interestingly, differences among material formula
tions suggest that certain bioceramics may resist acidic degradation 
more effectively than others. Clinically, this finding is significant 
because teeth with periapical inflammation may present a mildly acidic 
environment, which could influence sealer performance. This study 
provides valuable mechanistic insight, underscoring the need to select 
bioceramic materials with proven stability under varying environmental 
conditions [130–132].

Yasmin Tawfik Mohamed Sobh and Mona Rizk Aboelwafa Ahmed 
investigated the role of contemporary chelating agents in vital pulp 
therapy procedures performed with bioceramic materials. Their study 
showed that both tested chelants effectively prepared the dentin surface 
without compromising the biological performance of the calcium sili
cate–based pulp-capping material. High rates of clinical and radio
graphic success were observed, suggesting that careful decontamination 
and smear layer removal can synergistically enhance the material's 
bioactivity. This work reinforces the concept that the success of vital 
pulp therapy is influenced not only by the material used but also by 
procedural factors such as adequate pulp exposure management, he
mostasis, and dentin conditioning, emphasizing that protocol adherence 
is critical to maximizing the inherent healing potential of bioceramic 
materials.

Ali Turkyilmaz and colleagues provided clinical data on post
operative pain following obturation with three novel calcium silica
te–based sealers. The study consistently found low postoperative pain 
across all groups, suggesting that these bioceramic sealers are highly 
biocompatible and induce minimal inflammatory responses. The 
bioactive nature of the sealers—promoting calcium ion release, hy
droxyapatite formation, and favorable tissue interactions—likely con
tributes to patient comfort. Clinically, this highlights that modern 
bioceramic sealers not only provide effective sealing but also improve 
patient-centered outcomes, reinforcing their suitability for routine 
clinical practice and inclusion in protocols aiming to minimize post
operative discomfort [133,134].

Liping Dong and colleagues focused on the performance of a hy
draulic calcium silicate–based sealer, C-root SP, in older patients using 
different obturation techniques. The study demonstrated that simplified 
obturation approaches, including the single-cone technique, achieved 
high clinical and radiographic success, comparable to more complex 
techniques. Older patients often present with canal sclerosis or calcifi
cation, and these findings indicate that bioceramic sealers maintain 
predictable outcomes even under challenging anatomical conditions. 
The bioactive properties of C-root SP, including hydroxyapatite depo
sition and chemical bonding to dentin, likely contribute to these favor
able results, supporting their reliability in diverse clinical scenarios and 
emphasizing the practical advantage of simplified techniques in time- 
and resource-sensitive settings [135,136].

Mohamed S. Ghaly and colleagues evaluated premixed bioceramic 
putty as an apical plug in nonvital immature anterior teeth. Their study 
revealed high rates of periapical healing and clinical success, with 
reduced technique sensitivity and fewer treatment visits compared to 
traditional calcium hydroxide apexification. The biological properties of 
the putty, including biocompatibility, alkaline pH, and mineralized tis
sue induction, enable the formation of a stable apical barrier, facilitating 
predictable obturation in teeth with open apices. Clinically, premixed 
bioceramic putty offers a practical solution for apexification, reducing 
procedural complexity while supporting periapical healing, an impor
tant consideration in young patients where procedural efficiency and 
success rates are critical [137–139].

Ibrahim Alnassar and colleagues demonstrated that both mineral 
trioxide aggregate and premixed bioceramic putty achieve high success 
rates in pulpotomy of primary molars with irreversible pulpitis. Com
parable clinical and radiographic outcomes suggest that premixed bio
ceramic materials are a reliable alternative to MTA, with the added 
advantages of ready-to-use consistency and ease of handling. These 
findings reinforce the role of bioactive calcium silicate–based materials 

in pediatric vital pulp therapy, supporting predictable dentin bridge 
formation, pulpal healing, and long-term retention of primary teeth 
without resorting to more invasive procedures [101,135,140,141].

Sarang Suresh and colleagues assessed full pulpotomy in mature 
permanent teeth with irreversible pulpitis, comparing mineral trioxide 
aggregate and premixed bioceramic cement. Both materials demon
strated high clinical and radiographic success, indicating that vital pulp 
therapy is feasible even in mature teeth traditionally managed with 
complete root canal treatment. The bioactive properties of these mate
rials, including hydroxyapatite formation, antibacterial effects, and 
promotion of reparative dentin, likely underpin the positive outcomes 
observed. Clinically, this supports the adoption of conservative, bio
logically based treatment strategies and highlights the versatility of 
premixed bioceramics as a reliable alternative to MTA [131,142–145].

Linlin Zhang and colleagues investigated the influence of clinical 
variables on vital pulp therapy success using two calcium silicate–based 
materials. Their findings emphasize that factors such as preoperative 
pulp status, hemostasis control, and operator technique significantly 
impact outcomes, reinforcing that procedural standardization and 
careful case selection are critical. While the materials themselves pro
vide a favorable biological environment, their efficacy is maximized 
when combined with meticulous clinical execution. This highlights the 
interplay between material properties and procedural quality in 
achieving predictable results in pulp-preserving therapies.

Finally, Tousif Iqbal Nathani and colleagues compared postoperative 
pain between resin-based and bioceramic sealers in single-visit root 
canal treatments. They observed low pain levels and favorable peri
apical responses with bioceramic sealers, demonstrating their safety and 
patient-centered advantages. These results further support the adoption 
of bioceramic materials in modern endodontics, as they combine effec
tive sealing and bioactivity with minimal postoperative morbidity 
[146–149].

Taken together, these studies collectively demonstrate the versa
tility, biocompatibility, and clinical reliability of bioceramic materials 
across multiple endodontic applications, including root canal obtura
tion, vital pulp therapy, apexification, and pediatric treatments. They 
highlight that bioceramics tolerate variations in canal moisture, perform 
effectively in anatomically challenging or immature teeth, and maintain 
predictable outcomes across age groups. Importantly, they underscore 
the role of clinical variables such as obturation technique, preoperative 
pulp status, hemostasis, and operator proficiency in optimizing treat
ment success. Mechanistically, these outcomes are supported by the 
bioactive properties of calcium silicate–based materials, including hy
droxyapatite formation, alkaline pH, antimicrobial effects, and promo
tion of reparative dentin and periapical healing. While limitations such 
as sample size and follow-up duration the body of evidence strongly 
supports the integration of bioceramic materials into contemporary 
endodontic practice, offering predictable clinical outcomes, enhanced 
patient comfort, and simplified procedural protocols. These findings are 
highly relevant for systematic reviews and meta-analyses aiming to 
evaluate the efficacy, safety, and clinical implications of bioactive 
endodontic materials, providing a robust evidence base for their wide
spread adoption [70,150,151].

From a practical clinical perspective, the collective evidence from 
these studies suggests several actionable insights for clinicians using 
bioceramic materials. When using hydraulic calcium silicate–based 
sealers, complete canal desiccation is not strictly necessary; slight re
sidual moisture can optimize the hydration reaction, improve adapta
tion to dentinal walls, and reduce void formation, especially when 
combined with simplified obturation techniques such as the single-cone 
method [14,152]. Clinicians should also consider patient-centered out
comes: postoperative pain following obturation with bioceramic sealers 
is generally low, and extrusion beyond the apex, while possible, rarely 
results in significant discomfort due to the material's biocompatibility 
and bioactivity. In vital pulp therapy and full pulpotomy procedures, the 
use of contemporary calcium silicate–based materials—whether in 
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mature or immature teeth, or in pediatric cases—consistently leads to 
high rates of pulp vitality preservation, reparative dentin formation, and 
periapical healing, provided that proper case selection, hemostasis 
control, and procedural standardization are ensured [60,77,147]. 
Additionally, environmental factors, such as acidic conditions in 
inflamed periapical tissues, may influence the physicochemical behavior 
of bioceramics, so awareness of local biological conditions and selection 
of materials with proven stability is important. Across all clinical con
texts, premixed bioceramic putties offer practical advantages in terms of 
ease of handling, reduced technique sensitivity, and consistent clinical 
performance, making them particularly suitable for apexification and 
pediatric pulpotomy [27,148].

Authors and 
Year

Type of 
Study

Study 
Sample 
(n)

Gender 
(M:F)

Follow-up 
(months)

Age of 
Sample 
(years)

Variables

Nawar 
et al., 
2024 [73]

Randomized 
clinical trial

24 
patients

NA 1 18-40 - Dryness 
protocol,

- Obturation 
technique

- Voids
- Sealer 

adaptation
Abada 

et al., 
2025 
[153]

Randomized 
clinical trial

100 
patients

NR 6 18-35 - Obturation 
technique,

- Sealer type,
- Pain
- Sealer 

extrusion
Sobh Y.T. 

M., 
Ahmed 
M.R.A., 
2024 
[154]

Randomized 
controlled 
clinical trial

40 
patients

NR 12 18-50 - Irrigation 
protocol (17% 
EDTA vs apple 
vinegar)

- Postoperative 
pain (VAS)

- Clinical success
- Radiographic 

healing
Yan Yang 

et al., 
2023 
[125] 

Randomized 
controlled 
clinical trial

125 
specimens

Not 
applicable

Not 
applicable

Not 
applicable

Material type, 
exposure 
medium, 
mechanical and 
structural 
properties

Turkyilmaz 
A. et al., 
2023 [99] 

Prospective 
randomized 
clinical trial

120 
patients

NR up to 7 
days for 
pain 
assessment

Adult 
patients

- Type of calcium 
silicate-based 
sealer used for 
root canal 
obturation

- Pulpal status 
(asymptomatic 
irreversible 
pulpitis vs 
necrotic pulp 
with apical 
periodontitis)

- Postoperative 
pain intensity 
assessed using 
VAS at multiple 
time intervals

Dong M., 
Wang X., 
Ma J., 
2025 [50]

Randomized 
clinical trial

240 
patients

NR 12 18–65 - Obturation 
technique

- Sealer
- Pain
- Success

Ghaly et al., 
2025 [44]

Randomized 
clinical trial

50 
patients

NR 12 8–11 - Material (Well- 
Root PT vs 
MTA),

- Healing
- Bone density

Nathani 
et al., 
2024 
[107]

Randomized 
controlled 
trial

101 
patients

NR 6 NR Sealer type, 
postoperative 
pain

(continued on next column)

(continued )

Authors and 
Year 

Type of 
Study 

Study 
Sample 
(n) 

Gender 
(M:F) 

Follow-up 
(months) 

Age of 
Sample 
(years) 

Variables

Alnassar 
et al., 
2023 [69]

Randomized 
controlled 
trial

40 
patients

NR 12 6-8 Material (MTA vs 
bioceramic) 
- Success

Suresh 
et al., 
2025 [15]

Randomized 
clinical trial

60 patiensNR 6 NR - MTA vs 
bioceramic

- Success
- Pain

Zhang L. 
et al., 
2024 [49]

Randomized 
clinical trial

115 
patients

NR 12 23–26 - Material 
(TheraCal LC vs 
iRoot BP Plus)

- VPT type (DPC, 
PP, FP)

- Pain
- Success rate
- Preoperative 

pain

5. Conclusion

In conclusion, the collective body of evidence strongly supports the 
integration of bioceramic materials into contemporary endodontic 
practice. They demonstrate high biocompatibility, reliable bioactivity, 
predictable clinical outcomes, and favorable patient-centered results, 
including low postoperative pain and effective healing in both immature 
and mature teeth [121]. Bioceramics provide flexibility in obturation 
techniques, tolerate minor variations in canal moisture, and can simplify 
procedures without compromising treatment success. [45,64]. While 
certain clinical factors—such as operator technique, preoperative pulp 
status, and environmental conditions—remain influential, these mate
rials offer robust performance across diverse clinical scenarios. Overall, 
bioceramic materials represent a paradigm shift in endodontics, moving 
toward more biologically conservative, predictable, and patient-friendly 
therapie [107]. Future research should focus on long-term outcomes, 
head-to-head comparisons between formulations, and the influence of 
local tissue conditions to further refine clinical protocols and optimize 
the use of bioactive materials in both routine and complex endodontic 
treatments [129–131].
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MDF Mean Difference
MMPs Matrix Metalloproteinases
MTA Mineral Trioxide Aggregate
NaOCl Sodium Hypochlorite
PA Periapical
PBS Phosphate Buffered Saline
pH Potential of Hydrogen
PRF Platelet-Rich Fibrin
RCT Root Canal Treatment
RCTs Randomized Controlled Trials
SC Single-Cone (obturation technique)
VAS Visual Analogue Scale
VPT Vital Pulp Therapy

References

[1] Beheshtizadeh N, Farzin A, Rezvantalab S, Pazhouhnia Z, Lotfibakhshaiesh N, 
Ai J, Noori A, Azami M. 3D printing of complicated GelMA-Coated Alginate/Tri- 
Calcium silicate scaffold for accelerated bone regeneration. Int J Biol Macromol 
2023;229:636–53. https://doi.org/10.1016/j.ijbiomac.2022.12.267.

[2] Bardini G, Bellido MM, Rossi-Fedele G, Casula L, Dettori C, Ideo F, Cotti E. A 4- 
Year Follow-up of root canal obturation using a calcium silicate-based sealer and 
a zinc oxide-eugenol sealer: a randomized clinical trial. Int Endod J 2025;58: 
193–208. https://doi.org/10.1111/iej.14167.

[3] Cardinali F, Camilleri J. A critical review of the material properties guiding the 
clinician's choice of root canal sealers. Clin Oral Invest 2023;27:4147–55. https:// 
doi.org/10.1007/s00784-023-05140-w.

[4] Ashkar I, Sanz JL, Forner L, Ghilotti J, Melo M. A literature review of the effect of 
heat on the physical-chemical properties of calcium Silicate-Based sealers. 
J Endod 2024;50:1044–1058.e5. https://doi.org/10.1016/j.joen.2024.04.017.

[5] Silva EJNL, Pinto KP, Riche FNSJ, Carestiato MGH, Martins JNR, Duncan HF, 
Versiani MA, De-Deus G. A meta-analysis of calcium Silicate-Based cements and 
calcium hydroxide as promoters of hard tissue Bridge Formation. Int Endod J 
2025;58:685–714. https://doi.org/10.1111/iej.14210.

[6] Al-Saudi KW. A paradigm shift from calcium hydroxide to bioceramics in direct 
pulp capping: a narrative review. J Conserv Dent Endod 2024;27:2–10. https:// 
doi.org/10.4103/jcd.jcd_241_23.

[7] Talekar AL, Musale PK, Chaudhari GS, Silotry TMH, Waggoner WF. A prospective 
randomised clinical trial evaluating pulpotomy in primary molars with three 
bioceramic calcium Silicate cements: 24 month Follow-Up. Int J Paediatr Dent 
2025;35:763–73. https://doi.org/10.1111/ipd.13288.

[8] Khan AS, Syed MR. A review of bioceramics-based dental restorative materials. 
Dent Mater J 2019;38:163–76. https://doi.org/10.4012/dmj.2018-039.

[9] Yang S-Y, Han AR, Kim K-M, Kwon J-S. Acid neutralizing and remineralizing 
orthodontic adhesive containing hydrated calcium silicate. J Dent 2022;123: 
104204. https://doi.org/10.1016/j.jdent.2022.104204.

[10] Aswal GS, Rawat R, Rafeek R, Dwivedi D, Prabhakar N, Gupta MM. Additive 
Zirconia in dentistry: techniques, trends, and future perspectives. Biomed Res Int 
2025;2025:6602281. https://doi.org/10.1155/bmri/6602281.

[11] Elshazly N, Nasr FE, Hamdy A, Saied S, Elshazly M. Advances in clinical 
applications of bioceramics in the new regenerative medicine era. World J Clin 
Cases 2024;12:1863–9. https://doi.org/10.12998/wjcc.v12.i11.1863.

[12] Schwartz T, Schewe N, Schwotzer M, Heinle M, Mahmood A, Krolla P, Thissen P. 
Antibacterial inorganic coating of calcium silicate hydrate substrates by copper 
incorporation. ACS Appl Bio Mater 2022;5:5190–8. https://doi.org/10.1021/ 
acsabm.2c00616.

[13] Cruz Hondares T, Hao X, Zhao Y, Lin Y, Napierala D, Jackson JG, Zhang P. 
Antibacterial, biocompatible, and mineralization-inducing properties of calcium 
Silicate-Based cements. Int J Paediatr Dent 2024;34:843–52. https://doi.org/ 
10.1111/ipd.13185.

[14] Bukhary S. Apexification of an endodontically failed permanent tooth with an 
open apex: a case report with histologic findings. Medicina (Kaunas) 2025;61: 
276. https://doi.org/10.3390/medicina61020276.

[15] Suresh S, Kalhoro FA, Rani P, Memon M. Assessing the success of a mineral 
trioxide aggregate and a pre-mixed bioceramic in mature teeth with irreversible 
pulpitis with full pulpotomy: a randomized clinical trial. Clin Exp Dent Res 2025; 
11:e70090. https://doi.org/10.1002/cre2.70090.

[16] Rao MH, Krishnan R, Kumaraswamy M, Keshav A, Gopal P, Thomas E. 
Assessment of treatment outcomes with complete orthograde obturation with 
bioceramic materials: a scoping review. J Contemp Dent Pract 2024;25:1190–7. 
https://doi.org/10.5005/jp-journals-10024-3764.

[17] Fischer P, Barbu HM, Fischer CAI, Pantea M, Baciu F, Vranceanu DM, Cotrut CM, 
Spinu TC. Bending fracture of different Zirconia-Based bioceramics for dental 
applications: a comparative Study. Materials 2021;14:6887. https://doi.org/ 
10.3390/ma14226887.

[18] Yilmaz-Dagdeviren HD, Arslan YE. Beyond traditional dentistry: how organoids 
and next-Gen hydrogels are redesigning dental tissue regeneration. Biomater Adv 
2026;179:214494. https://doi.org/10.1016/j.bioadv.2025.214494.

[19] Zafar K, Jamal S, Ghafoor R. Bio-Active cements-mineral trioxide aggregate based 
calcium silicate materials: a narrative review. J Pakistan Med Assoc 2020;70: 
497–504. https://doi.org/10.5455/JPMA.16942.

[20] Toubes KS de, Tonelli SQ, Girelli CFM, Azevedo CG de S, Thompson ACT, 
Nunes E, Silveira FF. Bio-C repair - a new bioceramic material for root perforation 
management: two case reports. Braz Dent J 2021;32:104–10. https://doi.org/ 
10.1590/0103-6440202103568.

[21] Surana P, Singh Dhull K, Arya A, Samreen S, Rajan M, Parihar AS. Bio-Ceramics 
application in dentistry. Bioinformation 2024;20:136–9. https://doi.org/ 
10.6026/973206300200136.

[22] Washio A, Morotomi T, Yoshii S, Kitamura C. Bioactive glass-based endodontic 
sealer as a promising root canal filling material without semisolid core materials. 
Materials 2019;12:3967. https://doi.org/10.3390/ma12233967.

[23] Estivalet MS, de Araújo LP, Immich F, da Silva AF, Ferreira N de S, da Rosa WL de 
O, Piva E. Bioactivity potential of Bioceramic-Based root canal sealers: a scoping 
review. Life 2022;12:1853. https://doi.org/10.3390/life12111853.

[24] Sanz JL, Rodríguez-Lozano FJ, Llena C, Sauro S, Forner L. Bioactivity of 
bioceramic materials used in the dentin-pulp complex therapy: a systematic 
review. Materials 2019;12:1015. https://doi.org/10.3390/ma12071015.

[25] Ana ID, Satria GAP, Dewi AH, Ardhani R. Bioceramics for clinical application in 
regenerative dentistry. Adv Exp Med Biol 2018;1077:309–16. https://doi.org/ 
10.1007/978-981-13-0947-2_16.

[26] Wang Y, Fu G, Zhang J, Xu Y, Shen M, Yi Z, Lan J, Li Q, Zhao Y, Wu R, et al. 
Bioceramics for guided bone regeneration: a multicenter randomized controlled 
trial. Clin Implant Dent Relat Res 2025;27:e13437. https://doi.org/10.1111/ 
cid.13437.

[27] Raghavendra SS, Jadhav GR, Gathani KM, Kotadia P. Bioceramics in endodontics 
- a review. J Istanbul Univ Fac Dent 2017;51:S128–37. https://doi.org/10.17096/ 
jiufd.63659.

[28] Biamonte F, Buffone C, Santamaria G, Battaglia AM, Mignogna C, Fortunato L, 
Costanzo FS, Giudice A. Gene expression analysis of autofluorescence margins in 
Leukoplakia and oral carcinoma: a pilot Study. Oral Dis 2021;27:193–203. 
https://doi.org/10.1111/odi.13525.

[29] Zheng A, Cao L, Liu Y, Wu J, Zeng D, Hu L, Zhang X, Jiang X. Biocompatible Silk/ 
Calcium Silicate/Sodium alginate composite scaffolds for bone tissue engineering. 
Carbohydr Polym 2018;199:244–55. https://doi.org/10.1016/j. 
carbpol.2018.06.093.

[30] Sanz JL, Guerrero-Gironés J, Pecci-Lloret MP, Pecci-Lloret MR, Melo M. 
Biological interactions between calcium Silicate-Based endodontic biomaterials 
and periodontal ligament stem cells: a systematic review of in vivo studies. Int 
Endod J 2021;54:2025–43. https://doi.org/10.1111/iej.13600.

[31] Sanmartin de Almeida M, Fernandes GV de O, de Oliveira AM, Granjeiro JM. 
Calcium silicate as a graft material for bone fractures: a systematic review. J Int 
Med Res 2018;46:2537–48. https://doi.org/10.1177/0300060518770940.

[32] S SM, S S, B S, K CPD. Calcium silicate biocomposites: effects of selenium oxide on 
the physico-mechanical features and Theirin-Vitrobiological assessments. Biomed 
Mater 2023;19. https://doi.org/10.1088/1748-605X/ad0d86.

[33] Wang J, Lei J, Hu Y, Meng L, Li W, Zhu F, Xie B, Wang Y, Yang C, Wu Q. Calcium 
silicate whiskers-enforced Poly(Ether-Ether-Ketone) composites with improved 
mechanical properties and biological activities for bearing bone reconstruction. 
Macromol Biosci 2022;22:e2200321. https://doi.org/10.1002/mabi.202200321.

[34] Saghiri MA, Orangi J, Asatourian A, Gutmann JL, Garcia-Godoy F, Lotfi M, 
Sheibani N. Calcium silicate-based cements and functional impacts of various 

A.M. Inchingolo et al.                                                                                                                                                                                                                          Advances in Oral and Maxillofacial Surgery 23 (2026) 100686 

9 

https://doi.org/10.1016/j.ijbiomac.2022.12.267
https://doi.org/10.1111/iej.14167
https://doi.org/10.1007/s00784-023-05140-w
https://doi.org/10.1007/s00784-023-05140-w
https://doi.org/10.1016/j.joen.2024.04.017
https://doi.org/10.1111/iej.14210
https://doi.org/10.4103/jcd.jcd_241_23
https://doi.org/10.4103/jcd.jcd_241_23
https://doi.org/10.1111/ipd.13288
https://doi.org/10.4012/dmj.2018-039
https://doi.org/10.1016/j.jdent.2022.104204
https://doi.org/10.1155/bmri/6602281
https://doi.org/10.12998/wjcc.v12.i11.1863
https://doi.org/10.1021/acsabm.2c00616
https://doi.org/10.1021/acsabm.2c00616
https://doi.org/10.1111/ipd.13185
https://doi.org/10.1111/ipd.13185
https://doi.org/10.3390/medicina61020276
https://doi.org/10.1002/cre2.70090
https://doi.org/10.5005/jp-journals-10024-3764
https://doi.org/10.3390/ma14226887
https://doi.org/10.3390/ma14226887
https://doi.org/10.1016/j.bioadv.2025.214494
https://doi.org/10.5455/JPMA.16942
https://doi.org/10.1590/0103-6440202103568
https://doi.org/10.1590/0103-6440202103568
https://doi.org/10.6026/973206300200136
https://doi.org/10.6026/973206300200136
https://doi.org/10.3390/ma12233967
https://doi.org/10.3390/life12111853
https://doi.org/10.3390/ma12071015
https://doi.org/10.1007/978-981-13-0947-2_16
https://doi.org/10.1007/978-981-13-0947-2_16
https://doi.org/10.1111/cid.13437
https://doi.org/10.1111/cid.13437
https://doi.org/10.17096/jiufd.63659
https://doi.org/10.17096/jiufd.63659
https://doi.org/10.1111/odi.13525
https://doi.org/10.1016/j.carbpol.2018.06.093
https://doi.org/10.1016/j.carbpol.2018.06.093
https://doi.org/10.1111/iej.13600
https://doi.org/10.1177/0300060518770940
https://doi.org/10.1088/1748-605X/ad0d86
https://doi.org/10.1002/mabi.202200321


constituents. Dent Mater J 2017;36:8–18. https://doi.org/10.4012/dmj.2015- 
425.

[35] Zhu Y-J, Guo X-X, Sham T-K. Calcium silicate-based drug delivery systems. Expert 
Opin Drug Deliv 2017;14:215–28. https://doi.org/10.1080/ 
17425247.2016.1214566.

[36] Stanley E, Strother KK, Kirkpatrick T, Jeong JW. Calcium silicate-based sealer 
extrusion into the mandibular canal: 3 different recovery Outcomes-A report of 3 
cases. J Endod 2023;49:735–41. https://doi.org/10.1016/j.joen.2023.04.006.

[37] Wang M, Zhan H, Wang J, Song H, Sun J, Zhao G. Calcium silicate-stimulated 
adipose-derived stem cells promote angiogenesis and improve skin wound 
healing. Aging (Albany NY) 2023;15:4746–56. https://doi.org/10.18632/ 
aging.204760.

[38] Cao L, Gu H, Zhang Z, Zhang E, Chang J, Cai Z. Calcium Silicate/Bortezomib 
combinatory therapy for multiple myeloma. J Mater Chem B 2023;11:1929–39. 
https://doi.org/10.1039/d2tb02009b.
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[93] Falakaloğlu S, Yeniçeri Özata M, Plotino G. Micro-Shear bond strength of 
different calcium silicate materials to bulk-fill composite. PeerJ 2023;11:e15183. 
https://doi.org/10.7717/peerj.15183.

[94] Shokouhinejad N, Tahun IA, Tahan SS, Mohandes F, Nekoofar MH, 
Dummer PMH. Microstructure and color stability of calcium Silicate-Based dental 
materials exposed to blood or platelet-rich fibrin. Clin Oral Invest 2023;27: 
1193–206. https://doi.org/10.1007/s00784-022-04733-1.

[95] Li H, Kitagawa H, Fan Y-S, Sakai H, Kitagawa R, Sasaki J-I, Yamaguchi S, 
Imazato S. Mineral induction and sealing abilities of proprietary bioceramic 
endodontic sealers. Dent Mater J 2025;44:346–54. https://doi.org/10.4012/ 
dmj.2024-275.
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