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ABSTRACT

Background: Bioceramic materials have emerged as a significant advancement in endodontics, offering
excellent biocompatibility, sealing ability, and bioactivity.

Their use has expanded in recent years, particularly for pulp capping, perforation repair, and regenerative
procedures.

Objectives: This study aimed to assess the knowledge of bioceramics among private practice dentists,
evaluate the frequency of use of sealing and filling bioceramics, and examine the applied clinical protocols
as well as potential shortcomings.

Materials and methods: This cross-sectional study was conducted according to Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines, based on an epidemiological
Knowledge, Attitudes, and Practices (KAP) survey. It was carried out among Tunisian private practice den-
tists. Data were processed and analyzed using Excel 2007 and Statistical Package for the Social Sciences
(SPSS) Statistics 21.0. The sample size was calculated using the standard formula for estimating a propor-
tion in a cross-sectional study, and participants were randomly selected. Participation was voluntary, anon-
ymous, and confidential.

Results: A total of 200 dentists participated. Only 54.5% reported using sealing bioceramics, with 35.05%
using them in all cases, 19.94% for periapical lesions, and 16.92% for root perforations. Approximately half
of the dentists (53.01%) observed faster healing when using these sealers. Regarding filling bioceramics,
67.5% of participants used them, with a preference for MTA. These materials were indicated for various clin-
ical situations, including repair of floor perforations, pulp capping, apexification of immature permanent
teeth, and repair of root perforations. However, 45.61% of participants reported treatment failures when
using these bioceramics, with failure to adhere to one of the endodontic treatment steps identified as the
primary cause.

Conclusion: This study concluded that younger dentists tend to use bioceramics more frequently, filling
bioceramics are better known than sealing ones, and most participants are familiar with the clinical indi-
cations of these materials. It is essential to provide further guidance and recommendations on the clinical
application of bioceramics to optimize treatment outcomes.
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Introduction
oceramics, which are mainly bioactive [1]. In addition to their

Endodontics is constantly evolving thanks to scientific advances
and the introduction of new materials. Among these, bioceram-
ics have significantly transformed dental practice due to their
exceptional properties [1].

Bioceramics refers to a significant subset of biomaterials, and
includes materials that can be classified as bioinert, bioactive or
biodegradable according to the interaction with surrounding tis-
sues. Composed mainly of calcium phosphates, calcium sulfates,
and bioactive glasses, bioceramics have emerged as an essential
material in dentistry thanks to their remarkable physical, chemi-
cal, and biological properties. In endodontics, calcium sili-
cate-based cements or sealers only display a small subset of bi-

mechanical and chemical performance, these cements play an
essential role in endodontic treatments by promoting tissue re-
generation [1].

Mineral Trioxide Aggregate (MTA), the pioneering bioceramic
material in endodontics, revolutionized the field by enabling sin-
gle-session apical barrier formation and optimal sealing [2, 3]. White
MTA (ProRoot MTA) was later introduced to prevent tooth discolor-
ation, and despite its widespread use and biological advantages,
MTA has limitations such as prolonged setting time and difficult
handling [4-8]. Biodentine, introduced in 2009, represents a newer
generation of tricalcium silicate-based cements with improved
handling, faster setting, and enhanced mechanical properties [4, 6].
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Bioceramic sealers complement these materials by offering
excellent sealing ability, biocompatibility, dimensional stability,
and bioactivity [7, 8]. Their hydrophilic nature allows use in
moist canals, while sustained calcium ion release enhances
antimicrobial and regenerative effects [7, 9, 10]. Available in
powder-liquid or premixed injectable forms, bioceramic sealers
achieve hermetic obturation of complex canal systems and limit
microbial colonization, showing superior activity against
Enterococcus faecalis and other endodontic pathogens [8, 11].

Due to their excellent sealing ability and biocompatibility,
these cements are employed for several clinical situations
including pulp capping in primary and permanent teeth, root-
end filling, perforation repair, and apical plug for teeth with
open apices [1, 9].

In this context, a cross-sectional study was conducted among
private dental practitioners in Tunisia to assess their level of
knowledge and evaluate their attitude and clinical use of
bioceramic sealers and filling materials.

To our knowledge, this study is the first to explore both the
perception and clinical application of bioceramic sealers and
filling materials among dental practitioners in Tunisia and across
North Africa, underscoring its significance in addressing a gap in
the endodontic literature.

Materials and methods

This cross-sectional study was conducted according to STROBE
guidelines [12]. This questionnaire-based survey was performed
from November 2024 to January 2025. The questionnaire was
distributed to private dentists either in person or via an online
questionnaire. A total of 200 dentists were asked to participate
in the survey. After explaining the aims and objectives of the
study, verbal consent was obtained from participants before the
survey began. Dentists were assured that their information
would remain confidential and that the questionnaire was
anonymous.

The questionnaire consisted of 21 questions divided into four
sections:

«  General Information (six questions): demographic and pro-
fessional characteristics such as age, gender, years of prac-
tice, type of practice, and specialty.

«  Knowledge (four questions): understanding of bioceramic
materials, indications, and clinical properties.

. Attitudes (two questions): perceptions of bioceramics,
willingness to use them, and perceived advantages or
limitations.

«  Practices (nine questions): actual use of bioceramic materials
in daily practice, techniques, and frequency of application.

Appendix 1 provides the full questionnaire used in this study.

Participants and selection criteria

The inclusion criteria targeted all general dentists practicing in
private dental clinics. Dentists working in hospitals or university

hospitals (including employed dentists, interns, and residents),
as well as endodontist and other specialist were excluded.
Participants were selected randomly, and participation was vol-
untary, anonymous, and confidential.

Sample size calculation

The sample size was calculated using the standard formula
for estimating a proportion in a cross-sectional study:

z? .p.(l - p)
E2

where Z is the standard normal deviate at a 95% confidence
level (1.96), p is the expected prevalence, and E is the desired
margin of error (0.05). Based on data from a previous epidemio-
logical study reporting a 13.3% frequency of bioceramic sealer
use among general dental practitioners [13], the estimated sam-
ple size was 178.

Thus, a minimum of 178 participants was required to ensure
a reliable estimation of bioceramic usage frequency with 95%
confidence and a 5% margin of error.

The data collected was recorded and analyzed using SPSS
version 27.0 software.

n=

The analysis was conducted in two phases:

- Descriptive analysis was used to summarize the distribu-
tion of qualitative variables, expressed as frequencies and
percentages.

« Analytical tests were applied to assess associations
between categorical variables, using appropriate statistical
tests.

Results

A total of 200 questionnaires were collected, among them 57.5%
had been completed by males and 42.5% by females. The sex
ratio was equal to 1.3. The age distribution of the respondents
was in between 24 and 65 years. About 76% of the study popu-
lation belonged to the age group of 30-50 years, while 16.5%
were between the ages of 24 and 30 years. However, dentists
over the age of 50 represented the smallest proportion of our
sample, at 7.5%.

Dentists practicing in northern Tunisia represented the
majority of our sample, accounting for 50.5%, followed by those
working in the coastal region, accounting for 23.5%.

When it comes to participation in postgraduate training
courses, the majority of respondents (71.5%) reported not
having attended any such courses related to bioceramic
materials in endodontics, whereas only 28.5% had received
postgraduate training in this area (Table 1).

Use of bioceramic sealers in endodontics

Among the participating dental professionals, 54.5% reported
using bioceramic sealers for root canal obturation, while 45.5%
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Table 1. Characteristics of the respondents (n = 200).

Characteristics n (%)
Gender

Male 115 (57.5)
Female 85 (42.5)
Age (years)

24-30 33(16.5)
31-50 152 (76.0)
>50 15(7.5)
Practice region

Northern Tunisia 101 (50.5)
Coastal region 47 (23.5)
Other regions 52 (26.0)
Postgraduate training in bioceramics

No 143 (71.5)
Yes 57 (28.5)

did not. The majority of those who used them (76.1%) preferred
the injectable form, followed by 18.5% who chose the pow-
der-liquid form, and 5.3% who employed both formats.

Figure 1 shows that the use of bioceramic sealers varied
among clinicians, with a substantial proportion reporting little
to no use on a weekly basis.

As shown in Figure 2, while some clinicians use bioceramic
sealers for all endodontic cases, others prefer them for specific
situations such as periapical lesions or root perforations.

As for perceived clinical outcomes, 53% of respondents re-
ported faster healing when using bioceramic sealers, while
12.6% observed no significant difference compared to conven-
tional sealers.

Use of bioceramic filling in endodontics

Among the respondents, 67.5% reported using bioceramic
materials for root repair procedures, while 32.5% did not incor-
porate them into their daily clinical practice. When specifying
the type of bioceramic material used, 63.5% of practitioners
reported using MTA, 17.52% used Biodentine, and 18.98% used
both of them.

With regard to how long these materials had been in use,
50.3% of the dentists had been using them for 2 years, 26.6% for

MORE THAN 20 TEETH
PER WEEK

10-20 TEETH 1-10 TEETH 0

Figure 1. Dentist distribution based on the frequency of use of bioceramic-
based endodontic sealers in root canal fillings.
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1-2 years, and 23% had adopted them only recently. Regarding
clinical frequency, 36.5% of practitioners stated they had never
used bioceramic repair materials, 61.5% used them in 1 to 5 cas-
es per week, and only 1% applied them in 5 to 10 cases weekly.

As illustrated in Figure 3, the primary clinical applications of
bioceramic materials included repair of furcation or pulpal floor
perforations and pulp capping, while apexification and root
perforation repair were reported less frequently.

Regarding perceived outcomes, most practitioners reported
no treatment failures with bioceramic materials. Among those
who had encountered failures, the primary contributing factors
were deviations from endodontic protocols, incorrect handling
of the materials, and diagnostic or therapeutic errors, as shown
in Figure 4.

In order to further investigate the data, an analytical study
was conducted by statistical tests and cross-referencing the
data to explore potential associations between variables.

In fact, the use of bioceramic sealers was comparable be-
tween practitioners with less than 10 years of experience (54.5%)
and those with more than 10 years (54.4%), with no statistically
significant difference between the two groups.

In contrast, the use of bioceramic filling materials varied
more distinctly with experience. A higher proportion of practi-
tioners with less than 10 years of practice (72.7%) reported us-
ing these materials, compared to 59.5% among those with more
than 10 years in practice. Fisher’s test revealed a statistically sig-
nificant association, indicating that more younger practitioners
had adopted bioceramic repair materials in their clinical practice
(Table 2).

Regarding geographic location, the use of bioceramic sealers
ranged from 52.2% in the North and South of Tunisia to 52.9% in
the Center, and 61.7% in the coastal region. However, Pearson’s
chi-square test showed that this variation was not statistically
significant (Table 3).

Similarly, the use of bioceramic repair materials varied by
region: 62.8% in the North, 70.6% in the Center and 69.6% in the
coastal region. Despite these differences, Fisher’s test did not
show a significant association between geographic location and
the use of bioceramic repair materials (Table 4).

ALL CASES

ROOT ROOT
PERFORATION ~ RESORPTION

ENDO-PERIO
LESION

PERIAPICAL
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CALCIFIED
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Figure 2. Indications for bioceramic-based endodontic sealers according to
the survey participants.
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Discussion

This cross-sectional study is the first research conducted among
private practice dentists in Tunisia and across North Africa to
assess their knowledge, attitude and practice when using
bioceramic sealers and filling materials, underscoring its
significance in addressing a gap in the endodontic literature.
The results revealed that the use of bioceramics remains limited,
with a notable preference for MTA despite the recent
advancements offered by second-generation bioceramics. This
survey also highlighted the main factors contributing to
endodontic treatment failure when using bioceramics, with the
most significant being the failure to adhere to one or more
essential steps of the endodontic procedure. Only two other
studies have explored related topics: one assessed the use of
calcium silicate-based sealers in non-surgical endodontic
treatment [14], while the other evaluated the use of MTA and
Biodentine [15]. To our knowledge, no recent study has
investigated both knowledge, attitude, practice and procedural
preferences simultaneously, which underscores the relevance of
our findings.

The analysis of the general profile of the participating
dentists revealed a noticeable gender imbalance, with a
predominance of female practitioners. Additionally, the majority
of respondents belonged to the middle-aged group, suggesting
that the survey primarily captured the perspectives of
practitioners with a certain level of professional experience,
likely reflecting those actively engaged in clinical endodontics.

Regarding the use of bioceramics in daily practice, an
international survey was conducted among general dentists
and endodontists. It revealed that 41% of general dentists
reported using these materials [14]. In contrast, our study
revealed that 54.5% of practitioners used bioceramic sealers,
while 67.5% used bioceramic filling materials. Notably, the use
of bioceramics was more common among dentists with less
than 10 years of clinical experience.

Our study also investigated the types of bioceramic materials
used. Comparable surveys in other countries have reported
similar tendencies. For instance, Ha et al. [15] conducted a survey
among Australian endodontists and found that MTA was the
most commonly used material, while Biodentine was less
frequently adopted due to limited familiarity and handling
challenges. These findings are consistent with our results, where
MTA remains the preferred material among practitioners,
reflecting a global pattern of slow integration of second-
generation bioceramics despite their improved properties.

On the other hand, this study further explored the use of
bioceramic sealers, highlighting their growing relevance in
endodontic practice. In fact, 76.1% of respondents reported
using the injectable form of bioceramic sealers, 18.5% used the
powder-liquid form, and 5.3% reported using both. This more
common use of the injectable form could be explained by the
superior handling properties and reliable sealing ability of the
injectable form compared to the powder-liquid form, which is
more technique-sensitive and operator-dependent. In fact,
when using powder-liquid forms, such as BioRoot RCS

(Septodont), including a mixing solution, strict adherence to the
manufacturer-recommended powder-to-liquid ratio is essential,
as deviations may result in premature or delayed setting [11].
Studies by Camilleri et al. have shown that the final porosity of
the set material is influenced not only by this ratio but also by
the mixing technique employed [6]. In this context, 25% of the
dentists declare that improper handling of the material is the
main reason of failure in their endodontic treatments.

More recently, the use of bioceramic sealers in endodontics
has been increasingly indicated for a variety of clinical situations.
According to this study, the primary use of these sealers was in
the management of periapical lesions. This finding clearly
indicates that most practitioners are aware of the properties of
bioceramic sealers, which have been shown to be better than
those of conventional root canal sealers [9, 16]. In fact, in cases of
large periapical lesions, studies reported favorable outcomes in
patients treated with bioceramic sealers and a superior periapical
healing, with a significant reduction in lesion size [17, 18].

Furthermore, bioceramic sealers have also proven effective in
cases involving root resorptions. Their high mechanical strength
contributes to the structural reinforcement of affected teeth and
calcium ion release promotes the repair of dental tissues while
raising the local pH, favoring remineralization and limiting bac-
terial proliferation [18, 19]. According to our findings, 15.71% of
practitioners employ bioceramic sealers for the management of
root resorptions. Bioceramic sealers are also indicated in cases of
endo-periodontal lesions and the results of this study show that
participants were quite aware of this indication.

A recent Bulgarian study conducted by Stefanova et al. [21]
evaluated the clinical use of bioceramic sealers. Although 95%
of participants reported being familiar with bioceramic
materials, only 51% incorporated them into their clinical
practice. This highlights a clear gap between theoretical
knowledge and clinical application. These findings align with
our study, in which bioceramic use remained limited despite a
fair level of awareness, especially among private practitioners.
This underscores the pressing need for targeted training
programs and practical guidelines to support the integration of
bioceramics into routine endodontic procedures.

With regard to the bioceramic filling materials, the respond-
ents of the survey found the primary indication for its use in en-

Table 2. Statistical tests assessing the relationship between the use of
bioceramic repair materials and years of clinical experience.

Test Value  df  Asymptotic Exact Exact

significance significance significance
(2-sided) (2-sided) (1-sided)

Pearson 3.816° 1 0.051

chi-square

Continuity 3.236 1 0.072

correction®

Likelihood ratio  3.780 1 0.052

Fisher’s exact test 0.064 0.036

Number of valid 200

observations

Notes: 20 cells (0.0%) have expected count less than 5. °Computed only for a
2 X 2 table.
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Figure 3. Clinical indications for the use of bioceramic filling material reported
by practitioners.

dodontics to be the repair of pulpal floor perforation. In fact,
pulpal floor perforation represent pathological communications
between the root canal system and the periodontal tissues that
significantly compromise the prognosis of the affected tooth.
Therefore, prompt and effective sealing of the perforation is es-
sential to ensure a favorable outcome [22, 23]. Both MTA and
Biodentine are effective for repairing pulp chamber floor perfo-
rations [24, 25]. In this context, 26.9% of surveyed dental practi-
tioners reported the use of bioceramic materials for the man-
agement of pulp chamber floor perforations. Consistently,
previous studies have shown that bioceramic filling materials
remains the predominant material for perforation repair, reflect-
ing its continued preference among clinicians due to its proven
sealing ability and biocompatibility [15]. According to earlier
studies, 87.8% of general dentists preferred MTA for perforation
repair, followed by 6.1% who opted for Biodentine [15]. These
findings closely align with our results, where 63.5% of practi-
tioners reported using MTA, 17.5% used Biodentine.

The survey results indicates that also bioceramic repair
materials are indicated for the management of root perforation.
MTA remains the material of choice in such cases, as well as for
perforations in the middle or apical third. Similar observations
have been reported in the scientific literature [18].

In addition to managing iatrogenic perforations, this study
revealed that bioceramic filling materials were commonly
employed by dentists for root-end fillings and apical barrier
formation in immature permanent teeth. These findings are
consistent with the indications reported in similar studies [15].
Although Biodentine provides a quicker setting time and better
esthetic outcomes, especially in anterior teeth [26, 27] MTA was
the most frequently used in these cases Ha et al. [15] reported
similar results as observed in our study. According to the authors

Table 3. Statistical test showing the relationship between the use of
bioceramic sealer and the practice region.
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Figure 4. Participants’ perspectives on causes of treatment failure.

only 45.5% of practitioners performed root-end fillings, with
MTA being the most frequently used material (78.3%).

Finally, according to our survey, 45.6% of respondents
reported no failures when using bioceramic materials, while
18.7% experienced failures and 35.6% were neutral. The most
frequently cited cause of failure was the inadequate execution
of one or more steps of the endodontic procedure, followed by
improper handling of the material and diagnostic or therapeutic
misjudgment. A small number of practitioners reported multiple
contributing factors.

In fact, several studies confirm that many factors can
influence the clinical success of bioceramic-based endodontic
treatments. These include the quality of canal cleaning, shaping,
as well as the irrigation protocols and the integrity of the final
restoration [28, 29]. Proper manipulation of the material,
particularly adherence to the recommended powder-to-liquid
ratio and working time, is also critical [30]. In addition, accurate
diagnosis and appropriate case selection, such as evaluating the
location and size of a perforation, are essential for favorable
outcomes [25].

Conclusion

This study shows that the use of bioceramics among private
dentists in Tunisia remains limited, particularly regarding bio-
ceramic sealers, with a preference for MTA over newer materi-
als such as Biodentine. Treatment failures were primarily
associated with deviations from recommended protocols or
improper handling rather than inherent material limitations,
highlighting a gap between theoretical knowledge and clini-
cal practice. These findings underscore the need for clearer
clinical guidelines and expanded postgraduate education and
hands-on training to promote the effective and

Table 4. Statistical test showing the relationship between the use of filling

Test Value df  Asymptotic significance (2-sided) bioceramics and the practice region.

Pearson chi-square 1.2882 3 0.732 Test Value df  Asymptotic significance (2-sided)
Likelihood ratio 1.300 3 0.729 Pearson chi-square 3.014° 3 0.390

Number of valid cases 200 Likelihood ratio 3.096 3 0.377

a: Statistically significant difference Number of valid cases 200
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evidence-based use of bioceramic materials in everyday endo-
dontic practice.

Strengths and limitations of the study

One of the main strengths of this study is its ability to cap-
ture current clinical practices and preferences concerning
the use of bioceramic materials in endodontics, based on
direct feedback from practitioners. It provides an informa-
tive overview of how these materials are used in daily prac-
tice across a range of clinical situations. Nevertheless, some
limitations should be acknowledged. As the data are self-re-
ported, they may be influenced by response bias, and the
absence of clinical outcome verification limits the ability to
assess the accuracy of the reported practices. In addition,
the sample may not fully represent the diversity of endodon-
tic practice, particularly among specialists or practitioners
working in different clinical settings or in different geo-
graphical settings.

Implications for future research

The findings of this study point to the need for further research
into the clinical performance of bioceramic materials in different
endodontic applications. Long-term, prospective studies are
required to evaluate their success and durability, especially in
demanding procedures such as regenerative endodontics.
Future research should also investigate the factors that influ-
ence the choice of material by clinicians, including professional
training, material availability, and perceived reliability.
Comparative clinical trials involving MTA, Biodentine, and newer
bioceramic materials would help to refine clinical recommenda-
tions and strengthen the evidence base guiding endodontic

treatment decisions.

Key messages

«  This study provides the first data on the perception and clin-
ical use of bioceramic sealers and filling materials among
dentist in Tunisia and North African countries.

«  Thefindings highlight a growing interest in bioceramic
materials, yet reveal variations in their adoption depending
on practitioners’ experience, training, and clinical setting.

« Increased educational efforts and evidence-based guide-
lines could support the optimal integration of bioceramic
materials into endodontic practice in the region.

Declaration of interest

The authors declare that they have no conflicts of interest
related to this article.

Authors’ contributions

KBS conceived and designed the study, performed data collec-
tion, statistical analysis and manuscript drafting and critical
revision.

DS participated in data collection, data analysis, and drafting
of the manuscript.

HB and RH contributed to interpretation of the results, and
manuscript editing.

IG and SBY were responsible for manuscript revision and
approval.

All authors reviewed and approved the final version of the
manuscript and agree to be accountable for all aspects of the
work.

References

[1] Rawat A, Geogi CC, Dubey S, Singh P. Bioceramics in endodontics —
a review. IP Indian J Conserv Endod. 2022;7(4):163-71. https://doi.
org/10.18231/j.ijce.2022.037

[2] Parirokh M, Torabinejad M, Dummer PMH. Mineral trioxide aggre-
gate and other bioactive endodontic cements: an updated overview
- part |: vital pulp therapy. Int Endod J. 2018;51(2):177-205. https://
doi.org/10.1111/iej.12841

[3] Torabinejad M, Parirokh M, Dummer PMH. Mineral trioxide aggre-
gate and other bioactive endodontic cements: an updated overview
- part II: other clinical applications and complications. Int Endod J.
2018;51(3):284-317. https://doi.org/10.1111/iej.12843

[4] Raghavendra SS, Jadhav GR, Gathani KM, Kotadia P. Bioceramics in
endodontics — a review. J Istanb Univ Fac Dent. 2017;51(3 Suppl 1):
$128-37. https://doi.org/10.17096/jiufd.63659

[5] Jitaru S, Hodisan |, Timis L, Lucian A, Bud M. The use of bioceramics in
endodontics - literature review. Clujul Med 1957. 2016;89(4):470-3.
https://doi.org/10.15386/cjmed-612

[6] Camilleri J. BiodentineTM microstructure and composition. In:
About |, ed. BiodentineTM: properties and clinical applications.
Cham: Springer International Publishing; 2022. p. 1-10. https://doi.
org/10.1007/978-3-030-80932-4 _1

[7] Kachari M. Bioceramic root canal sealers: a brief review. Int J Appl
Dent Sci. 2023;9(3):418-19. https://doi.org/10.22271/oral.2023.
v9.i3f.1838

[8] Suwartini T, Santoso J, Widyarman AS, Ratnasari D. Efficacy of bio-
ceramic and calcium hydroxide-based root canal sealers against
pathogenic endodontic biofilms: an in vitro study. Contemp Clin
Dent. 2022;13(4):322-30. https://doi.org/10.4103/ccd.ccd_198_21

[9] Donnermeyer D, Birklein S, Dammaschke T, Schéfer E. Endodontic
sealers based on calcium silicates: a systematic review. Odontology.
2019;107(4):421-36. https://doi.org/10.1007/s10266-018-0400-3

[10]  Kebudi Benezra M, Schembri Wismayer P, Camilleri J. Influence of
environment on testing of hydraulic sealers. Sci Rep. 2017;7(1):17927.
https://doi.org/10.1038/541598-017-17280-7

[11]  Zhekov KI, Stefanova VP. Definition and classification of bioceramic
endodontic sealers. Folia Med (Plovdiv). 2021;63(6):901-4. https://
doi.org/10.3897/folmed.63.€58912

[12]  Cuschieri S. The STROBE guidelines. Saudi J Anaesth. 2019;13 (Suppl
1):S31-4. https://doi.org/10.4103/sja.SJA_543_18

[13]  Mente J, Leo M, Panagidis D, Saure D, Pfefferle T. Treatment outcome
of mineral trioxide aggregate: repair of root perforations-long-term
results. J Endod. 2014;40(6):790-6. https://doi.org/10.1016/j.
joen.2014.02.003

[14]  Guivarc’h M, Jeanneau C, Giraud T, Pommel L, About |, Azim AA,
et al. An international survey on the use of calcium silicate-based



[15]

[16]

[17]

[18]

[19]

[21]

[22]

[23]

sealers in non-surgical endodontic treatment. Clin Oral Investig.
2020;24(1):417-24. https://doi.org/10.1007/s00784-019-02920-1

Ha W-N, Hawa A, Yardley J, Grandini S, Ricucci D. Use of MTA and
biodentine among Australian endodontists: a survey. Aust Endod J.
2016;42(2):63-70. https://doi.org/10.1111/aej.12170

Silva Almeida LH, Moraes RR, Morgental RD, Pappen FG. Are pre-
mixed calcium silicate-based endodontic sealers comparable to con-
ventional materials? A systematic review of in vitro studies. J Endod.
2017;43(4):527-35. https://doi.org/10.1016/j.joen.2016.11.019
Khandelwal A, Janani K, Teja K, Jose J, Battineni G, Riccitiello F, et
al. Periapical healing following root canal treatment using dif-
ferent endodontic sealers: a systematic review. BioMed Res Int.
2022;2022:3569281. https://doi.org/10.1155/2022/3569281

Yildirim T, Gencoglu N. Use of mineral trioxide aggregate in the treat-
ment of large periapical lesions: reports of three cases. Eur J Dent.
2010;4(4):468-74. https://doi.org/10.1055/s-0039-1697867

Saed SM, Ashley MP, Darcey J. Root perforations: aetiology, man-
agement strategies and outcomes. The hole truth. Br Dent J.
2016;220(4):171-80. https://doi.org/10.1038/sj.bdj.2016.132
Stefanova V, Zhekov K, Raycheva R. Application of bioceramic
endodontic sealers in clinical practice. JPMA J Pak Med Assoc.
2023;73(4):816-20. https://doi.org/10.47391/JPMA.6462

Wavdhane MB, Bansode PV, Pathak SD, Priyadarshini L. Management
of pulpal floor perforation using BIODENTINE: a clinical report. J Med
Dent Sci Res [Internet]. 2021;8(2):1-5. Available from:https://quest-
journals.org/jmdsr/papers/vol8-issue2/2/A08020105.pdf [Accessed
on April 2025]

Singla M, Verma KG, Goyal V, Jusuja P, Kakkar A, Ahuja L. Comparison
of push-out bond strength of furcation perforation repair materi-
als - glass ionomer cement type Il, hydroxyapatite, mineral trioxide
aggregate, and biodentine: an in vitro study. Contemp Clin Dent.
2018;9(3):410-14. https://doi.org/10.4103/ccd.ccd_162_18

[24]

[25]

[26]

[27]

[28]

[29]

[30]

BIOMATERIAL INVESTIGATIONS IN DENTISTRY 232

Abdelmotelb MA, Gomaa YF, Khattab NMA, Elheeny AAH.
Premixed bioceramics versus mineral trioxide aggregate in furcal
perforation repair of primary molars: in vitro and in vivo study.
Clin Oral Investig. 2021;25(8):4915-25. https://doi.org/10.1007/
s00784-021-03800-3

Al-Nazhan S, El Mansy |, Al-Nazhan N, Al-Rowais N, Al-Awad
G. Outcomes of furcal perforation management using
mineral trioxide aggregate and biodentine: a systematic
review. J Appl Oral Sci. 2022;30:e20220330. https://doi.
org/10.1590/1678-7757-2022-0330

Wang X, Xiao Y, Song W, Ye L, Yang C, Xing Y, et al. Clinical application
of calcium silicate-based bioceramics in endodontics. J Transl Med.
2023;21(1):853. https://doi.org/10.1186/512967-023-04550-4

Bhasin P, Saraf BG, Chauhan S, Kumar H, Wahi P, Vats V. The suc-
cessful interdisciplinary outcome of blunderbuss canal with an
open apex using MTA under magnification: a case report. Int J
Clin Pediatr Dent. 2024;17(1):97-101. https://doi.org/10.5005/
jp-journals-10005-2740

Niang SO, Bane K, Kaboré AD, N'Diaye D, Léye-Benoist F, Faye B.
Criteres de succes et facteurs d'échec du traitement endodontique
initial: revue de la littérature. Rev Iv Odonto Stomatol [Internet].
2015;17(2):6-14. Available from: https://www.revues-ufhb-ci.org/
fichiers/FICHIR_ARTICLE_333.pdf [Accessed on April 2025]

Cicek E, Yilmaz N, Kocak MM, Saglam BC, Kogak S, Bilgin B. Effect of
mineral trioxide aggregate apical plug thickness on fracture resis-
tance of immature teeth. J Endod. 2017;43(10):1697-700. https://doi.
org/10.1016/j.joen.2017.05.007

Pandey R, Kararia N, Sharma DK, Rathod V, Bansod AV, Desai D.
Comparative evaluation of postoperative pain and periapical heal-
ing after root canal treatment using three different endodontic
sealers: a randomized controlled clinical trial. J Conserv Dent Endod.
2024;27(9):962. https://doi.org/10.4103/JCDE.JCDE_334_24



