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Abstract

Root canal treatment (RCT) relies on eliminating infection and
creating an adequate seal within the canal system. Endodontic sealers
are essential in this process, filling gaps between the canal walls
and core material to prevent microbial leakage. Traditional sealers
like zinc oxide-eugenol and epoxy resins have been widely used,
however, concerns about cytotoxicity and limited biological activity
have led to the rise of calcium silicate-based (bioceramic) sealers.
These newer materials offer better biocompatibility, antibacterial
properties, and promote tissue healing. This review explores the
evolution, properties and clinical performance of endodontic sealers,
with a focus on calcium silicate formulations. Clinical studies suggest
they reduce postoperative pain and support faster periapical healing,
though limitations remain in their ability to be retreated and their cost.
Material choice should be guided by case-specific needs, obturation
techniques and clinician preference. Overall, calcium silicate-based
sealers represent a shift toward biologically active materials that
enhance healing and long-term outcomes in endodontic treatment.

Abbreviations

ISO - International Organization for Standardization
MTA — mineral trioxide aggregate

RCT - root canal treatment

ZOE - zinc oxide-eugenol

Introduction

Successful root canal treatment (RCT) relies on the complete
elimination of microbial infection and the establishment of a long-
lasting seal within the root canal system. Endodontic sealers play
a critical role in this process by occupying the space between the
canal walls and the core obturation material, filling irregularities,
and preventing the ingress of microorganisms and fluids back into
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the canal system.” The efficacy of these materials can significantly
influence treatment outcomes, particularly in cases involving
challenges such as complex root anatomy or periapical pathology.

Historically, sealers such as zinc oxide-eugenol (ZOE) and epoxy
resin-based compounds like AH Plus have been considered the
gold standard due to their handling characteristics and established
outcomes.? Classic endodontic texts have also documented the
enduring relevance of these materials in clinical success over
decades.? However, the past decade has seen a growing shift toward
calcium silicate-based or “bioceramic” sealers, which are prized for
their superior biocompatibility, bioactivity and sealing capacity.
These materials have demonstrated promising results in both in vitro
and in vivo studies, particularly in terms of periapical healing and
reduced post-operative symptoms.™*

As RCT outcomes are multifactorial, the contribution of the root canal
sealer alone cannot be isolated from the broader clinical context
when discussing the success or failure of treatment. Nevertheless,
a critical evaluation of modern endodontic sealants reveals their
potential to enhance the predictability and longevity of treatment
outcomes when selected appropriately. This essay explores the
evolution, properties, and comparative clinical performance of
endodontic sealers, with a particular focus on theirimpact on healing,
biocompatibility, and long-term success in root canal treatment.

Historical and material evolution of endodontic
sealers

The development of endodontic sealers reflects broader
advancements in biomaterials and a growing recognition of the
biological demands of root canal treatment. Initially, the primary role
of sealers was to serve as a gap filler between gutta percha and the
canal walls, with little emphasis on biocompatibility or bioactivity. As
the understanding of endodontic pathology evolved, expectations



shifted towards materials that could contribute to healing while
providing long-term sealing integrity.®

ZOE was one of the earliest materials used and was favoured for its
antimicrobial effects and ease of use. However, issues such as high
solubility, tissueirritation and limited long-term sealing compromised
its performance.® The introduction of epoxy resin-based sealers
such as AH Plus improved the standard of care by offering better
dimensional stability, lower solubility and improved adhesion.
These materials became widely adopted and, in many practices,
AH Plus remains the standard.* Nevertheless, concerns regarding
their cytotoxicity and lack of regenerative potential spurred further
research into alternative options.'

In response to these limitations, calcium silicate-based sealers
emerged as a new generation of endodontic materials. Drawing
from the clinical success of MTA, these sealers were engineered
to offer not only excellent sealing ability but also bioactivity and
enhanced compatibility with periapical tissues. Their ability to form
hydroxyapatite in situ promotes a biologically integrated seal at the
dentin—sealer interface.* Clinical and in vitro studies have shown
that these sealers, including formulations like EndoSequence BC
Sealer and Bio-C Sealer, are associated with less post operative
inflammation and may encourage faster periapical healing.”®

The clinical adoption of calcium silicate-based sealers has increased
steadily in recent years. A survey of Romanian dental practices found
a growing preference for bioceramic sealers among both general
dentists and endodontists, who cited their superior handling and
biological properties as key advantages.” Nevertheless, resin-based
sealers continue to be widely used, especially in cases where clinicians
prefer obturation techniques such as warm vertical condensation.

In summary, the progression from ZOE to resin-based and now to
calcium silicate-based sealers illustrates a shift in endodontics toward
materials that not only seal effectively but also actively support
periapical healing and tissue regeneration.

Key properties of root canal sealers

The selection of a root canal sealer plays a central role in determining
the quality of obturation and the biological outcome of root canal
treatment. An ideal sealer should exhibit a combination of favourable
physical, chemical and biological properties that contribute to an
effective seal, inhibit microbial leakage and encourage tissue healing.
As material science advances, modern sealers are increasingly
evaluated not only for their mechanical performance but also for
their impact on periapical healing and long-term success.

One of the fundamental properties of an effective sealer is its sealing
ability. This involves the capacity to adapt closely to the canal walls
and obturating material, filling microscopic voids, isthmuses and
accessory canals. Poor sealing can result in persistent microbial
leakage and eventual treatment failure. Calcium silicate-based
sealers have shown superior adaptability to canal irregularities due to
their hydrophilic nature, which allows better flow in moist conditions
commonly encountered in clinical settings.* These materials also
undergo slight expansion upon setting, which may enhance the
tightness of the seal.! In contrast, resin-based sealers, although
dimensionally stable, may shrink slightly during polymerisation,
potentially compromising the apical seal® In comparative
microleakage assessments, calcium silicate-based sealers like Bio-C
Sealer exhibited significantly less dye penetration compared to resin-
based options, supporting their effectiveness in long-term sealing.™

Biocompeatibility is another key consideration. A sealer should not
provoke a prolonged inflammatory response when in contact with
periapical tissues. Traditional sealers such as ZOE and some resin-
based products have been associated with cytotoxicity in their unset
states, especially when overextended beyond the root apex. Calcium
silicate-based sealers have consistently demonstrated superior
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biocompatibility, exhibiting minimal cytotoxic effects in vitro and
promoting favourable histologic responses in vivo.” Their alkaline pH
and ability to release calcium ions are thought to support periapical
repair by promoting mineralisation and tissue regeneration.®

Antimicrobial activity is also a desirable property, particularly given
the complex nature of root canal infections. While no sealer can
eliminate microbial presence, materials with sustained antimicrobial
action may reduce bacterial survival in inaccessible areas of the canal
system. The high pH of calcium silicate-based sealers creates an
environment that is hostile to common endodontic pathogens such
as Enterococcus faecalis. Some studies report that this antimicrobial
activity persists even after setting, although its clinical significance
continues to be investigated." Resin-based sealers, on the other
hand, typically lack intrinsic antimicrobial effects and rely more on
the overall mechanical obturation and disinfection achieved during
the canal preparation process.'”

Other essential characteristics include flow, working time, radiopacity
and solubility. A sealer must have adequate flow to penetrate the
complexities of the canal without extruding excessively beyond the
root apex. Radiopacity is necessary to evaluate obturation quality
radiographically. Calcium silicate-based sealers generally meet
ISO standards for these properties although their relatively slower
setting times and potential for post-setting solubility under some
conditions remain under scrutiny."'3 AH Plus, a commonly used resin-
based sealer, excels in dimensional stability and radiopacity but may
not match the biological activity or antimicrobial potential of newer
alternatives.

In clinical terms, the ideal sealer should strike a balance between
handling convenience, long term sealing performance and
biological safety. The growing body of evidence supporting the
biological superiority of calcium silicate-based sealers has led to
their increasing integration into both general and specialist practice.
Their performance appears particularly advantageous in cases
with periapical pathology, immature root apices, or endodontic
retreatment, where tissue compatibility and healing capacity are
especially important.

As material science continues to evolve, the ideal root canal sealer is
no longer defined solely by its ability to fill space. Its contribution to
healing, biological stability, and the overall prognosis of treatment
has become equally critical to its clinical value.

Clinical outcomes and evidence-based
performance

The clinical success of root canal treatment is often measured by
parameters such as post-operative symptoms, radiographic healing
and long-term tooth retention. The choice of root canal sealer
contributes substantially to these outcomes, particularly through its
sealing ability, tissue compatibility and biological performance. In
recent years, evidence from both randomised controlled trials and
systematic reviews has increasingly supported the superior clinical
behaviour of calcium silicate-based sealers when compared with
traditional alternatives.

One of the most immediate clinical indicators of success is post-
operative pain. Several studies have examined whether the type of
sealer influences discomfort following treatment. In a randomised
trial comparing a calcium silicate-based sealer with AH Plus, patients
treated with the bioceramic formulation reported significantly lower
pain scores within the first 72 hours.” This may be due to the lower
inflammatory response associated with the high biocompatibility
and alkaline pH of calcium silicate materials, supporting periapical
repair.

Healing of periapical tissues is the ultimate goal of endodontic therapy
alongside preserving the tooth inside the mouth. Longitudinal



studies evaluating radiographic signs of healing have demonstrated
that teeth obturated with calcium silicate-based sealers often show
faster and more complete resolution of periapical radiolucencies.
For instance, a 5 year follow up study revealed that teeth filled with
calcium silicate-based sealers exhibited periapical healing rates
comparable to or higher than those treated with resin-based sealers,
with no difference in obturation quality." Moreover, the ability of
bioceramic sealers to induce apatite deposition at the sealer-dentine
interface may help create a biologically integrated seal that supports
regeneration rather than simple repair.*

In more challenging clinical situations, such as endodontic
retreatment or large periapical lesions, the properties of the sealer
may become even more critical. Some evidence suggests that calcium
silicate-based sealers perform well in these complex cases. Their
antimicrobial action and bioactivity can be particularly advantageous
in endodontic retreatments where microbial load is often higher
and canal morphology more compromised.? Their capacity to form
a chemical bond with dentine and remain dimensionally stable
under moist conditions may help prevent reinfection in teeth with
compromised apical anatomy or resorption defects.

Randomised clinical trials and systematic reviews further support the
efficacy of bioceramic sealers. A meta-analysis by Amoroso-Silva et
al'"' demonstrated that calcium silicate sealers were associated with
equal or greater success rates when compared to resin-based sealers
over 12-24 months. Similarly, studies comparing success rates based
on clinical and radiographic criteria have concluded that calcium
silicate-based sealers can achieve predictable outcomes, particularly
in teeth with necrotic pulp or apical periodontitis. While some studies
report no significant difference in outcomes between the two classes
of sealers, the biological advantages of bioceramics may become
more apparent in situations where healing potential is challenged.

The success of a root canal sealer is also affected by procedural
factors such as obturation technique and operator experience. Warm
vertical condensation and other thermoplastic techniques may
influence the physical behaviour of the sealer, particularly its flow
and penetration into the canal space. Resin-based sealers like AH Plus
have been favoured in such techniques due to their thermal stability
and long working time. However, calcium silicate-based sealers are
increasingly being used with single-cone techniques, capitalising
on their flow characteristics and ability to set in the presence of
moisture.* While these techniques simplify obturation, they may
require clinicians to adapt to the handling properties and setting
behaviours of the newer materials.

Paediatric applications and pulpotomies in primary teeth have also
benefited from the properties of calcium silicate-based materials.
In a systematic review on primary molar pulpotomies, Silva et al®
reported higher success rates with calcium silicate cements compared
to formocresol or calcium hydroxide, underscoring the value of these
materials in both the permanent and primary dentition. Their ability
to support dentine bridge formation and maintain pulp vitality aligns
with the goals of minimally invasive endodontics.

Despite the encouraging data, itisimportant to acknowledge that the
success of endodontic treatment is multifactorial. The role of coronal
restoration, pre-operative periapical status, canal disinfection and
clinician expertise all interact with material properties to determine
the outcome.® Even the most biologically advanced sealer cannot
compensate for inadequate cleaning and shaping, poor isolation or
deficient coronal sealing.

In summary, calcium silicate-based sealers have shown favourable
clinical performance across a range of treatment contexts. They
appear to reduce post-operative discomfort, support periapical
healing, and perform reliably in both straightforward and complex
cases. As the evidence base expands, these materials are increasingly
viewed not merely as sealing agents, but as contributors to
regenerative healing and enhanced long-term prognosis.
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Clinical considerations for sealer selection

The clinical selection of root canal sealers is influenced by an interplay
of material characteristics, procedural demands and case specific
biological considerations. While in vitro studies offer comparative
data on physicochemical properties, clinical decision making must
also account for handling preferences and material choice.

In cases with necrotic pulp or extensive periapical pathology, calcium
silicate-based sealers are often favoured due to their demonstrated
bioactivity and ability to support hard tissue formation. These
properties are particularly beneficial in situations requiring
regenerative potential, such as immature apices or endodontic
retreatment with persistent lesions.? In contrast, when the priority
is obturation precision and compatibility with thermoplastic
techniques, epoxy resin-based sealers like AH Plus are widely
preferred because of their long working time, dimensional stability,
and established bond strength to both gutta percha and dentine.®

Handling properties and procedural efficiency are also critical in
material selection. Premixed calcium silicate-based sealers allow
for simplified delivery and are increasingly used with single cone
obturation methods, which reduce chair time and procedural
complexity.”” However, these materials can be sensitive to ambient
moisture, and some clinicians report a learning curve in mastering
their placement.' For complex cases requiring extended manipulation
or staged treatment, the predictable behaviour of resin-based sealers
may provide an advantage.

The potential for apical extrusion and its consequences also influences
sealer choice. Studies have shown that while extrusion of any root
filling material can delay or impair healing, calcium silicate-based
sealers tend to provoke a milder inflammatory response compared
to glass ionomer or resin-based counterparts.” This difference is
important in teeth with compromised apical constriction or during
endodontic retreatment.

Economic and logistical factors further complicate material selection.
Though calcium silicate sealers are often more expensive, their
simplified techniques and potential to improve clinical outcomes may
offset initial costs.2® Some products with extended setting times may
not be ideal in cases requiring immediate post space preparation or
restoration, which makes resin-based sealers more suitable in those
workflows.*

Ultimately, the optimal choice of sealer must be tailored to each case.
Pulpal status, root anatomy, restorative plan and clinician experience
all contribute to this decision. As endodontic materials continue to
evolve, clinical adaptability and thoughtful selection remain essential
to achieving consistent and predictable treatment outcomes.

Discussion and synthesis

The progressive evolution of endodontic sealers has led to a shift in
clinical expectations from merely filling voids to actively contributing
to periapical healing and treatment success. Calcium silicate-
based sealers have emerged as promising materials with distinct
advantages over traditional zinc oxide-eugenol and resin-based
sealers. These benefits include superior biocompatibility, bioactivity,
and a capacity for chemical bonding with dentinal walls, adhering to
the philosophy of biologically centred endodontics.’

Nonetheless, while bioceramic sealers show clear advantages in
terms of antimicrobial activity and reduced cytotoxicity, their clinical
superiority remains subject to ongoing investigation. A recent
study comparing resin-based and bioceramic sealers reported no
statistically significant difference in overall success rates, highlighting
that both material classes can perform reliably when used under
optimal conditions.® Furthermore, despite their positive biological



profile, bioceramic sealers may present limitations in endodontic
retreatment cases due to the difficulty of complete removal from root
canal walls.™

Clinical factors such as obturation technique, tooth anatomy and
restorative considerations continue to play a substantial role in
outcomes. Bio-C Sealer, for example, has demonstrated excellent
adaptation to canal walls, especially in the apical third, but its
performance may vary depending on the sealing strategy employed.?

There is also a broader issue regarding the gap between in vitro
findings and real-world performance. While many calcium silicate-
based sealers exhibit promising properties in controlled laboratory
settings, the limited availability of long-term clinical data highlights
a need for further well-designed studies to substantiate their
effectiveness in diverse patient populations and treatment scenarios.
Considering these complexities, the decision to adopt bioceramic
over resin-based sealers should not be guided solely by material
properties but must be contextualised within the clinical context.
The integration of biological compatibility, procedural efficiency, and
case-specific requirements offers a more nuanced approach to sealer
selection. Future research should aim to clarify the long-term impact
of newer sealers across a variety of treatment contexts and provide
clinicians with evidence-based guidance that extends beyond
theoretical advantages.

Conclusion

The evolving landscape of endodontic sealers reflects a broader
transformation in clinical endodontics, one that places increasing
emphasis on biological compatibility, healing outcomes, and long-
term treatment success. While earlier sealers such as zinc oxide-
eugenol and epoxy resin formulations met the mechanical demands
of obturation, their limitations in biocompatibility and regenerative
potential have prompted a shift toward more biologically active
alternatives. Calcium silicate-based sealers represent this progression,
offering properties that align with contemporary expectations for
materials that not only seal but also contribute to tissue healing and
microbial control.”

Clinical evidence has shown that these bioceramic sealers perform
effectively across a variety of treatment scenarios, including cases
with periapical pathology and immature apices.® Their ability to
simplify obturation and promote periapical healing makes them
a compelling choice for both specialists and general practitioners.
However, their limitations, particularly in the ability to be retreated
and their cost, underline the importance of thoughtful case selection
and operator familiarity.

Ultimately, the choice of sealer must be informed by a balance
of material science, clinical context and practitioner experience.
No single sealer is universally superior, but when aligned with
the biological needs of the case and the technical parameters of
treatment, calcium silicate-based sealers have the potential to
elevate the standard of care.

As endodontic practice continues to evolve, the thoughtful
integration of biologically active materials represents a critical
step toward more predictable, regenerative and patient-centred
outcomes.
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