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ABSTRACT

Objective: Over the past 2 decades, several novel materials have been introduced into endodontic practice,
specifically designed to be bioactive and biointeractive with apical bone tissues. However, despite their wide-
spread adoption, there remains limited consensus on the biological consequences of accidental apical extru-
sion, particularly when premixed bioceramic sealers are used. This review aims to analyse both the immediate
and long-term effects of apical extrusion of new bioactive root canal sealers compared to traditional bioinert
obturation materials.

Methods: Open search strategy was performed on indexed public databases (Scopus, PubMed, Embase).
Data were gathered from clinical reports, in vivo animal studies, and in vitro experiments that investigated
clinical outcomes, apical healing, occurrence of post-operative pain, occurrence of apical extrusion as well as
tissue responses, inflammatory potential, and sealer resorption.

Results: The review highlights variations in the biological behaviour depending on different sealer formu-
lations and their interaction with periapical tissues. Apical extrusions of biologically active sealers such as
premixed bioceramic sealers may result in dynamic radiographical modifications during the follow-up. This
behaviour has also been observed in minor percentages for traditional zinc oxide sealers, in similar percent-
ages for calcium hydroxide-based sealers. No modifications of apical extruded sealer were observed for epoxy
resin-based sealers.

Conclusion: The extrusion of any endodontic material beyond the apical foramen continues to pose poten-
tial risks, particularly in the presence of pre-existing periapical pathologies. For clinicians, it is importantto
understand the properties and composition of each sealer. There is a need for further long-term high-quality
clinical trials to establish the long-term impact of sealers’ radiographical disappearance when extruded into
periapical issues. Establishment of a standardised terminology to accurately describe these phenomena and
to prevent misinterpretation or inconsistency in future investigations is also recommended.

Keywords: apical extrusion, biological properties, CaSi, premixed sealers, review

HIGHLIGHTS

e There is a lack of consensus regarding the effects of an apical extrusion, especially with new pre-
mixed bioceramicroot canal sealers

e The chemical composition of endodontic sealers influences their physicochemical properties and
adverse effects when in contact with periapical tissues.

e Apical extrusions of premixed bioceramic sealers may result in dynamic radiographical modifica-
tions during the follow-up

e The extrusion of obturation materials (guttapercha and sealer) exceeding 2.0mm is an undesired
event, it is important to follow a correct management of working length and apical gauging during
endodontic therapy
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INTRODUCTION

Apical extrusion is referred to the presence of root canal filling mate-
rials, i.e. gutta-percha (GP) and/or sealers, into the periapical tissues.
The American Academy of Endodontics’ distinguishes between the
term “overfilling,” characterised by the extrusion of material beyond
the apex with complete obturation of the root canal space, and “over-
extension” where the extrusion occurs in conjunction with an inad-
equately sealed root canal space.

Apical limit for canal preparation and obturation remains one of the
main topics of debate in endodontics.? The cemento-dentinal junc-
tion is clinically unidentifiable®* and may vary in location and mor-
phology.* The apical foramen is an anatomical structure that already
belongs to the periodontium and can be generally located with an
electronic apex locator.>* However, the presence of chronic periapical
lesions, apical infections, apical resorption, or wide apexes can deter-
mine difficulties in locating the apical limit.

Several new materials, claimed to be bioactive and biointeractive to
the apical bone tissues, have been developed and introduced in clini-
cal practice for 20 years. Currently, there is a lack of consensus regard-
ing the effects of apical extrusion, especially with new bioactive root
canal sealers. The aim of this review is to analyse the immediate and
delayed effects of apical extrusion of new bioactive root canal seal-
ers compared to traditional bioinert obturation materials. Data from
both clinical investigations and laboratory studies were summarised
to report key points useful for clinicians.

METHODOLOGY

Literature Review Methodology

The present narrative review was prepared following the recommen-
dations proposed by Ferrari (2015).° An open literature review meth-
odology in databases (Scopus, PubMed and Embase) was performed
for each topic following the criteria used in a recently published nar-
rative review.®

The list of words differently combined using Boolean operators
“AND"/“OR" included the words: root canal treatment, GP extrusion,
root canal sealer, sealer extrusion, post-treatment pain, neurological
complications, apical resorption, sealer solubilisation, apical extru-
sion, and radiographical disappearance. The search was limited to
English-language studies.

Inclusion Criteria

Inclusion criteria encompassed both in vitro and in vivo studies, includ-
ing studies where the effect of root canal filling material when in con-
tact to biological tissues (i.e. sealer extrusions) is explicitly reported.

Exclusion Criteria

Abstracts, case reports, or studies with incomplete data (e.g. obtained
from public databases or gray literature) were excluded from the
analysis. Studies with no explicit mention of the effect of root canal
filling materials in contact to biological tissues (i.e. sealer extrusion)
were not included in this study.

Data Extraction

Data extraction was performed independently by 2 reviewers (FZ and
SP). The findings were synthesised and presented in a narrative for-
mat, highlighting the positive or negative effects of root canal filling

material extrusion in periapical areas. Finally, clinical studies on root
canal treatment were included and analysed when mention of apical
extrusion events was explicitly specified.

RESULTS

Apical extrusion of root canal filling materials can remain stable in the
bone tissue for many years and also after tooth extraction and implant
rehabilitation. Filling material remnants can be easily detected
in radiographic examinations in post-extractive areas, but also in
experimental Environmental Scanning Electron Microscope—Energy
Dispersive X-ray Analysis (ESEM-EDX) investigations on histological
slides. As an emblematic example, Figure 1 reports the accidental
findings of a previous root canal filling extrusion close to a retrieved
implant histological sample (unpublished data). The atomic compo-
sition of the electron dense granules, easily detected by ESEM, was
investigated using EDX, revealing constitutional elements belonging
to sealers or GP (such as Silicon or Zinc). Root canal filling materials
can be distinguished as GP or sealers, which implies 2 different condi-
tions that are examined separately.

Gutta-Percha Extrusion

Gutta-Percha is one of the most inert filling materials and is gener-
ally well tolerated by periapical tissues, although in very rare cases,
it may induce foreign body reactions.” Main causative agents of GP
extrusion are the uncontrolled management of apical diameter and/
or working length.

The chemical composition of commercial GP cones varies from 1
manufacturer to the other; these devices commonly contain a matrix
of trans-1,4-polyisoprene (varying between 14.5% and 21.8% in
weight), waxes and resins (1%-10.4% in weight, added as plasticiz-
ing agents), and zinc oxide (36.6%-84.3% in weight), barium sulfate
(0%-31.2% in weight), together with small percentages of colouring
agents and antioxidants.?

Macrophages are responsible for its complete absorption, particu-
larly over long follow-up periods.>’® Some studies showed that GP
extruded into periradicular tissues can activate an immune response
with resorption of extruded GP and a small portion within the apical
portion of the root canal.’®™

This phenomenon could have some implications: on 1 hand, it may
enhance the stability of the apical seal through the formation of con-
nective tissue at the periapex, but it could lead to a leak of apical seal
and a possible reactivation of endodontic periapical pathologies.’*"

Particle size and composition of GP are related to the degree of
inflammation and irritation of the periapical tissues.

Composition depends on the specific manufacturer, and small-sized
particles are associated with more intense tissue reactions.?

The aspect of GP toxicity has been analysed only in old studies, and
only a few laboratory studies have been conducted on new GP for-
mulations, such as patented bioactive GP cone™ or GP containing
Niobium Phosphate Bioglass.'*

The potential toxicity of the GP cone is attributed to the release of zinc
ions in contact with periapical fluids.”>'” The dispersion of these ions
at the periapical area may presumably stimulate the accumulation
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Figure 1. Image of 1 retrieved implant bone biopsies analysed through ESEM-EDX to assess the mineralisation degree. ESEM-EDX analyses
detected some electron dense granu|es containing Zn and Sj, suggesting extruded obturation material embedded into bone tissue.

of macrophages that support a foreign body reaction up to 60 days
after its extrusion. The GP also contains trans-1,4 polyisoprene that
is related to several biological'®* and chemical processes when it is
degraded by periapical fluids.

The GP degradation is supported by the presence of oxygen, which
explains the low degradation rate of GP inside the canal with respect
to the periapical area.? An increased rate of polymer degradation was
also observed in infected teeth, identifying the presence of microor-
ganisms as an additional and concomitant cause of GP degradation.?'

Two genes coding for enzymes capable of cleaving trans-1,4 poly-
isoprene were identified: RoxA?? and Lcp (Latex clearing protein).?
Several homologous genes have been found in the genome of
Actinomycetes (i.e. Streptomyces, Gordonia polyisoprenivorans)* which
are generally related to endodontic treatment failures and may be
responsible for a faster degradation of the GP cone, apical seal, and
3D-endodontic filling. Analysis of the residual weight of a sample
of cis-1,4-polyisoprene degraded by bacteria showed a weight loss
of about 18% after 10 weeks of incubation at 30°C.>> Moreover, the
GP cone was more porous, reducing its ability to properly seal the
canal.?

The GP resorption can also be triggeredby uncontrolled heat sources
that accelerated aging'®%: Ferreira et al* showed the presence of OH

and C=0 groups after the use of warming GP techniques, particularly
at temperatures of 140°C.

The GP extrusion can be problematic for maxillary teeth, especially
molars. Although in rare case reports, extruded GP ended up inside
the maxillary sinus, determining inflammation of the sinus membrane
and subsequent sinusitis.?’? In some cases, this iatrogenic sinusitis
can be resolved only with surgical removal of the extruded GP.

The long-term radiographic behaviour of GP extrusion is often
ambiguous, depending on its radiopacity. The radiopacity of GP
cones was shown to range from 7.25-7.53 mm Al,**2° comparable to
some commercial sealers.3'*?

Sealer Extrusion

According to the American Dental Association, material extrusion
exceeding 2 mm beyond the radiographic apex is considered a tech-
nical error in root canal therapy. This is attributed to the inherent
cytotoxicity of all sealers to periradicular tissues, regardless of their
type or formulation.®® However, in cases of resorbed roots due to
inflammatory processes or wide apices, extrusion can be particularly
difficult to prevent.

Anatomical factors and certain obturation techniques—such as
those involving heated GP, higher sealer fluidity, or larger apical
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diameters—can increase the risk of extrusion.>*3> Furthermore, spe-
cific methods of sealer application, such as the use of applicator
syringes, may contribute to material extrusion if not performed
correctly.>

Sealer Typologies and Composition

The chemical composition of different sealers influences their phys-
icochemical properties and adverse effects when in contact with
periapical tissues.

Root canal sealers can be classified in zinc oxide eugenol (ZOE)-
based sealers, calcium hydroxide-based cements, epoxy resin-based
cements, glass-ionomer-based sealers, silicone-based sealers®*” and,
lately, hydraulic calcium-silicate sealers (HCSC).

A brief description of sealer composition and biological effects on
cells is provided: the first sealers could be defined as traditional bioin-
ert sealers—materials specifically designed to remain stable after set-
ting and not to exert any reaction in the periapical tissues, according
to International Organization for Standardization (ISO) 6876/12. The
HCSC are on the other hand defined as bioactive sealers because they
are designed to promote a positive reaction to bone and periapical
tissues.’®3

Traditional Sealers

Zinc Oxide Eugenol-Based Root Canal Sealers

For many years, zinc oxide and eugenol cement has been widely used
both with warm vertical compaction techniques and cold obturation
techniques. In addition to its main components, zinc oxide and euge-
nol, it contains barium sulfate and bismuth dioxide as radiopacify-
ing agents.***" The eugenol component of these materials greatly
influences its biological properties, and it is highly irritant when
apically extruded according to a number of clinical and laboratory
studies.®*®** Generally, these sealers are stable in the short term, but
some cases of radiographical disappearance at the apical portion of
the root canal were observed after 4 years.*

Calcium Hydroxide-Based Root Canal Sealers

These sealers release Ca(OH), with bactericidal effects and are avail-
able as powder-liquid (CRCS) or paste-paste (Sealapex, Apexit, and
Apexit Plus) formulations. The CRCS is a zinc oxide and eugenol-based
sealer containing eucalyptol, an antibacterial agent, and calcium
hydroxide; Sealapex has a base paste containing zinc oxide, calcium
hydroxide, butylbenzene, sulfonamide, and zinc stearate, and a cata-
lyst paste with fillers and radiopacifying agents (barium sulfate and
titanium dioxide); Apexit and Apexit Plus have an activator paste (dis-
alicylate, bismuth hydroxide) and a base paste consisting of calcium
hydroxide, hydrated colophonium, and fillers. Generally, these sealers
have high solubility as reported in both in vitro studies.*®*” Certain
formulations (Sealapex) reported irregular setting and poor adhesion
capabilities.*4”

Epoxy Resin-based Root Canal Sealers

Epoxy resin-based sealers have an excellent marginal sealing ability
even in the presence of smear layer, increased radiopacity making it
more visible radiographically, and greater flowability with effective
penetration into the dentinal tubules and accessory canals. The AH
Plus is the most widely used epoxy resin-based cement; it consists of
an epoxy paste based on a diepoxide (bisphenol A diglycidyl ether)
and fillers, and an amine paste containing a primary monoamine,

a secondary diamine, silicone oil, and fillers.**° This sealer demon-
strated initial cytotoxicity due to the release of amine in periapical
tissue. However, after its complete set (24-48 hours), the materials
remain stable and unaltered in the tissues according to clinical and
laboratory investigations. 324243

Glass-ionomer Based Sealers

The ISO refers to this cement as a “glass polyalkenoate cement”
because it is formed by polymeric water-soluble acids, basic alumi-
nosilicate glasses containing fluoride and phosphate, and water. The
element that increases the radiopacity of the sealers is strontium (Sr),
which replaces calcium within the glass structure.® A glass-ionomer
used as a root canal sealer (e.g., Vitrebond) contains a hydrophilic
methacrylate group and forms a bond stronger than that of ZOE.
Additionally, the HEMA component of the sealer, combined with its
good flowability, allows the cement to penetrate dentinal tubules
effectively.”’

Their main feature is the long-term release of fluoride and calcium
ions, which is beneficial for dentin remineralisation; for this reason,
glass-ionomer sealers are considered bioactive.’? Glass-ionomer
based sealers show low cytotoxicity toward periapical tissues: as
demonstrated by Ucok et al*3, when Ketac-Endo is implanted in bone,
it does not stimulate an osteoclastic response, which allows bone to
grow in proximity without the interposition of fibrous tissue.

Silicone-based Sealers

There are different formulations of silicone-based sealers that vary
in composition and physicochemical properties. One of the first
silicone-based sealers was RoekoSeal, which is composed of polydi-
methylsiloxane, silicone, paraffin oil, and zirconium dioxide as a radi-
opacifier. A few years later, the same company developed GuttaFlow,
which is based on the same formulation as RoekoSeal, but with the
addition of finely milled GP particles.*

Silicone-based sealers exhibit excellent sealing ability, low solubility,
and reduced cytotoxicity.>**> One of the limitations of these sealers is
their variable setting time, which can be affected by the presence of
moisture or sodium hypochlorite in the root canal.*®

The latest product released by the same company in 2015 is a sili-
cone-based sealer composed of polydimethylsiloxane combined
with GP particles and bioglass powders (Guttaflow Bioseal).”” The
bioglass particles enhance the bioactive properties of the material®®:
according to previous studies,*** GuttaFlow Bioseal can promote
the differentiation of human periodontal ligament stem cells into
cementoblast-like cells, thereby increasing the regenerative poten-
tial for periapical tissues. A recent study compared this sealer with a
silicone-based material (GuttaFlow2) and an epoxy resin-based sealer
(AH Plus), revealing that GuttaFlow Bioseal induced less inflammation
in the first week. Interestingly, a higher macrophage infiltration was
initially noted for the bioglass-enriched sealer.*

Bioactive Sealers

Hydraulic Calcium Silicate-based Sealer

The first to be used in endodontics was MTA (Mineral Trioxide
Aggregate), which, due to a prolonged setting time, low radiopacity,
and poor handling as an endodontic sealer, was replaced by a second
generation of calcium silicate cements with improved physicochemi-
cal characteristics.?#3
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Pro-Root MTA (Mineral Trioxide Aggregate) was one of the first
hydraulic cements studied and analysed. It is a hydraulic calcium-
silicate cement derivative of a type | ordinary Portland cement with
4:1 proportions of bismuth oxide added for radiopacity. ProRoot MTA
cement exhibits high bioactivity, as evidenced by the rapid formation
of a calcium phosphate-rich layer containing apatite nano-spheru-
lites within hours of exposure to a phosphate-containing solution.®’

The excellent bioactivity of ProRoot MTA provided significant clinical
advantages over traditional cements for certain dental applications
like root-end material in endodontic surgery and/or root repair mate-
rial in perforations.®'

The properties of these materials were tested also by environmen-
tal scanning electron microscopy connected with ESEM-EDX. There
was the discovery of apatite spherulites on calcium silicate cements.*?
Fresh cements showed higher cell proliferation than aged cements,
probably favored by the presence of Si-OH gel and by the early for-
mation of apatite nano-spherulites.

Premixed Calcium Silicate Cements

These sealers are designed as ready-to-use material in a single com-
partment, which still requires water to initiate its setting reaction. Pre-
mixed cements have an “external water supply,” while automix and
powder-liquid formulations have an “internal water supply.” These
materials are usually referred to by the term “bioceramic,” highlight-
ing their high biocompatibility and their composition, with the pres-
ence of metallic elements (i.e,, radiopacifiers) and a non-metallic one
(calcium silicates or calcium phosphates). All formulations of calcium
silicate cements contain a certain percentage of tricalcium silicate
(alite) up to a maximum of 35%, and only some contain dicalcium sili-
cate (belite) from 5% to 15%, which increases the amount of silicates
present. The bioactivity and solubility of the material are directly
influenced by the percentages of alite and belite present within it.>>*

These materials exhibit several biologically advantageous properties,
including antimicrobial activity due to increased pH in the microen-
vironment. Studies®3963 demonstrated their ability to bond with
dentin by forming a porous structure that facilitates the diffusion
of Ca?*, OH~, and CO,* ions (Figure 2). These ions contribute to the
formation of B-type carbonate-apatite, a non-stoichiometric form of
hydroxyapatite with carbonate groups substituting for phosphate
groups. This distinct composition makes it particularly active in tissue
metabolism.**

Calcium silicate sealers can also interact with periapical cells enhanc-
ing bone healing. The periapical area has a high number of multi-
potent cells,*” a vast vascular network, and mesenchymal stem cells
(VW-MSCs)®®7* with direct’>’® and indirect’” roles in bone regenera-
tion. Animal model studies have confirmed that the differentiation of
VW-MSCs can be enhanced by the presence of various biomaterials
containing calcium phosphates, calcium silicates, and bioglass.”®%>
Ceraseal, AH Plus Bioceramic, and Endosequence BC fully support
the colonisation by VW-MSCs and induce their differentiation in the
osteogenic direction through significant expression of osteopon-
tin, a protein expressed in the early and final stages of osteoblastic
differentiation.®>®” Figure 3 demonstrates the osteoblastic differen-
tiation of 1 MSC population when cultured in contact to 1 premixed
Bioceramic sealer.

Similarly, the release of silicates and calcium ions from these materi-
als promotes the adhesion and proliferation of MSCs® and stimulates
the production of bone-associated proteins’”# unlike hydrophobic
and non-bioactive sealers such as AH Plus.®

Tricalcium silicates are capable of establishing a direct bond with the
osteoid matrix deposited on the surface of the material extruded
by VW-MSCs differentiated into osteoblasts.”® For some of these
cements, such as MTA Plus and ProRoot MTA, direct contact with
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Figure 2. ESEM-EDX analysis of the apical portion of 1 endodontically treated incisor filled with Ceraseal and Single cone. The tooth was extracted
due to coronal root fracture 3 months after filling. The analysis reports an adaptation of the sealer to the root canal and an interface with high
presence of Ca and P and low percentage of Si, suggesting the formation of a layer of calcium phosphate and a “hybrid” interface sealer root. One
continuous micro gap (1—2 microns) between the sealer and the root was also detected.
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Figure 3. CLSM images (200x magnification) of cultured MSCs in contact to 1 premixed bioceramic sealer after 21 days. It is possible to observe
the differentiation and migration of these cells, forming 1 mineralised core. Immunostaining of osteocalcin (green signal) and counterstaining of cell

nuclei through DAPIL.

native bone has been observed, with no interposition of connective
tissue or presence of necrotic areas.®®

Premixed calcium silicate sealers can induce mesenchymal cell
migration, promote osteogenic differentiation, reduce levels of pro-
inflammatory cytokines (TNF-a and IL-6), and support macrophage
polarisation from a pro-inflammatory M1 phenotype to an M2 phe-
notype. This M2 phenotype enhances fibroblastic cell proliferation
promoting periapical healing. A recent in vivo study also confirmed
that premixed calcium silicate sealers formulated to be used with
warm obturation protocols, such as BC Sealer HiFlow, are biocompat-
ible, being able to induce the formation of fibrous capsules and pro-
moting mineralisation over time.*!

Despite their many benefits compared to other root canal sealers, cal-
cium silicate-based sealers seem to have some limitations, including
extended setting times, lower radiopacity, and in vitro high solubility.

Sealer Extrusion and Post-treatment Healing

Apical sealer extrusions can negatively impact post-treatment heal-
ing outcomes when associated with incomplete 3-dimensional obtu-
ration of the endodontic space (overextension) or when correlated
with a diagnosis of periapical periodontitis at the initial radiographic
evaluation. Overextensions determine an incomplete apical seal
and root canal filling. One previous study analysed the periapical
lesions in failed root canal treatments® revealing root canal sealer
remnants encapsulated in fibrous tissue. The incomplete constitu-
tion of periapical bone tissue may be due to the sealer cytotoxic-
ity toward periapical tissues and/or development of a foreign body
reaction. Data from a number of previous studies showed no signifi-
cant differences in healing outcomes linked to the type of extruded

sealers; however, HCSC or new premixed sealers were not included in
comparisons 33359395

Sealer Extrusion and Post-treatment Pain

Postoperative pain data in endodontics vary from 3% to 58% in dif-
ferent studies,*® with a higher incidence in teeth that have 3 or more
canals.””*® Post-treatment pain can be associated with different fac-
tors (rubber dam clamp, local anaesthetics, prolonged mouth open-
ing) including the composition of the sealer and the technique used
to obturate the root canal.?? A significant correlation has been estab-
lished between the extent of extrusion and the onset of clinical symp-
toms,® for a local inflammatory response in periapical tissues.®10011

A number of studies reported no statistically significant results in
supporting the concept that sealer extrusion is related to post-oper-
ative pain. However, the difference in sealer composition is widely
considered a predisposing factor.®>'% Higher incidence rates of post-
treatment pain have been reported with the extrusion of epoxy resin-
based sealers (AH Plus) compared to other sealers.'%+1%5

As for pain duration, 1 study'® shows that after 24 hours, the per-
centage of pain-free patients in the group treated with a resin-based
sealer is 53%, compared to 65% in the group treated with a premixed
sealer. After 48 hours, the percentage difference remains fairly stable,
with 78% in the resin-based sealer group and 93% in the premixed
sealer group.'®?

Eugenol in ZOE-based sealers was also related to post-operative
pain when apically extruded.”® Ruparel et al'® demonstrated that
eugenol is a potent activator of 2 receptors in trigeminal neurons,
TRPV1 and TRPAT, which mediate peripheral pain caused by thermal
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and inflammatory stimuli and are responsible for significant release
of calcitonin gene-related peptide (CGRP). A similar behaviour was
observed for the AH Plus. In contrast, tricalcium silicate-based sealers
(Total Fill BC) did not activate these receptors but also reduced basal
CGRP levels.'%®

Sealer Extrusion and Neurological Complications

Only a few case series and reports in the literature discuss the inci-
dence and prognosis of neurological injuries caused by sealer extru-
sion. However, these cases often resolve spontaneously within a few
days after treatment completion (Figure 4). An important key point
is to establish a correct working length and a correct apical gauging.
Moreover, selecting a sealer with minimal neurotoxic effects, such as
calcium silicate-based sealers, can reduce the risk.'”

Fate of Extruded Sealer

Extruded sealer beyond the apex could be solubilised by periapical
tissue fluids, phagocytised by macrophages, or encapsulated within
fibrous connective tissue. These physical, chemical, and biological
processes are closely linked to the type and quantity of extruded
material®* In the following paragraphs, the various biological and
clinical factors that may be involved in the resorption of the extruded
sealer over time were analysed. Table 1 summarises the main differ-
ent clinical and biological features of the different sealer typologies.

Solubilisation of Sealer
The extent of material solubilisation depends on its physico-
chemical properties, particularly its dimensional stability.>”'°® High

dimensional stability involves a stable seal of the root canal sys-
tem,'® whilst dissolution of the sealer due to increased solubility
may determine fluid percolation, promoting bacterial growth in the
root canal system.®

AH Plus exhibits low in vitro solubility due to cross-linking in its resin
polymers, clinically confirmed in the frequent radiographic detection
of the cement over time (Figure 5).'"°

When compared to calcium hydroxide-based sealers (e.g., Apexit)
or zinc oxide-eugenol sealers (e.g., Pulp Canal Sealer), AH Plus dem-
onstrates significantly lower solubility. Apexit and Pulp Canal Sealer
show higher solubility values, resulting in greater removal rates over
time. However, despite showing high solubility, Apexit exhibits fewer
dimensional changes compared to other calcium hydroxide-based
sealers (CRCS and Sealapex).”"

Despite poor stability, Sealapex showed a greater deposition of min-
eralised tissue and prevents the onset of an inflammatory reaction at
the periapical level'?; this is attributed to the higher release of cal-
cium ions and to the higher alkalinity values reached compared to
other cements.'?

Silicone-based sealers (GuttaFlow Bioseal) show significantly lower
solubility when compared to zinc oxide and eugenol-based sealers.'’*

The HSCS show a slight expansion during the first week, primar-
ily due to their intrinsic hydrophilic properties rather than calcium

Figure 4. (a) Extrusion of an epoxy resin-based sealer (AH Plus) occurred near the emergence of the alveolar nerve. Temporary paraesthesia
developed 5 days after the filling procedure, likely due to the proximity of the apical area to the alveolar nerve. The symptoms subsequently subsided,

and no further complications were observed (b).

Table 1. Overview of the Different Clinically and Biological Features of Various Sealers Typologies

Features and Sealer = ZOE Epoxy-resin Calcium-hydroxide- Silicone based Glasslonomer MTA Premixed Hydraulic
Typologies based based Calcium Silicate
Pain upon extrusion + + + nr nr nr -
Radiopacity + ++ + - - - ++

Apical resorption + - + - - nr ++
Biological activity + - ++ nr nr ++ ++
Phagocytosis + nr nr nr nr - +
Solubility + - ++ - nr - ++
Neurotoxicity ++ + + nr nr + ++

The symbol (+) indicates that studies have reported a positive correlation with the corresponding feature. The symbol (+) denotes the presence of conflicting findings in
the literature. The symbol (-) indicates that studies have shown a negative correlation with the corresponding feature. The abbreviation “nr” stands for "not reported”

indicating that no relevant data were provided in the referenced study.
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Figure 5. Apical extrusion of epoxy resin-based sealer. The extruded material remained unchanged at both 6 months (b) and 48 months (c);

nevertheless, periapical healing was observed.

or phosphate precipitation.”™ It has been observed that hydraulic
cements with rapid setting times show a faster formation of CSH,
resulting in reduced solubility and increased compactness of the
material, which in turn enhances its radiopacity values."’>''¢ However,
a number of clinical studies evidenced high in vitro solubility values
for both HCSC and premixed sealers, possibly linked to water adsorp-
tion and high porosity values.?3834° These concepts could have a
clinical reason when considering sealer extruded in the periapical
area, a region with high moisture and often with an acidic pH (such in
presence of active periapical lesions). Acidic pH and excessive mois-
ture are known factors that could lead to a non-complete setting of
HCSC and wash-out.”” "'

Phagocytosis and Circulatory Influence

Another mechanism of material resorption is macrophage-mediated
phagocytosis. Extruded sealers determine a macrophage response,
transforming into giant cells. These giant cells could contribute to the
development of refractory periapical lesions.'®'% It has been noted
that zinc oxide-eugenol-based cements are less prone to fragment-
ing into smaller particles for phagocytosis by macrophages,'® and
over longer periods of time, they may be surrounded by fibrous con-
nective tissue.'

The circulatory system also plays a role in reducing the presence
of extruded sealer, distributing via the bloodstream and lymphatic
system. However, no inflammatory reactions have been reported in
remote sites following this distribution.’?’ No recent studies have
investigated these effects on newly developed sealers; therefore,
some variations could be expected towards new sealers.

Bioactivity and Osteoclastic Activation

Only HCSC and premixed bioceramic sealers can be reabsorbed from
osteoclasts,® but the alkalinising activity of these materials inhibits
the recruitment and activation of osteoclasts, reducing their resorp-
tion in physiological conditions.’?> 24

Dissolution of Radiopacifying Agents

Clinically apparent sealer resorption may result from the dissolution
of radiopacifying agents such as barium sulfate or bismuth oxide.
These agents can diffuse into the extrusion area, potentially altering
its morphology, or be absorbed by cells that transport them to other
organs for elimination.'®'? Animal models on ProRoot MTA'?® have
shown that bismuth oxide is released into connective tissues due to
its reactivity with collagen fibers and blood.'?'?” Moreover, bismuth
oxide binds silicate reticular sites increasing its stability.'?® Although
other radiopacifying agents do not participate in the setting reaction
of a sealer,”® a more or less elevated percentage of them ends up
accumulating within the periapical tissues and at the renal level.'?'%
A particularly interesting result of Janini et al’* concerns 2 cements
(Bio-C Repair and EndoSequence BC RRM Putty) containing the same
radiopacifying agent (zirconium oxide). Despite their compositional
similarity, the 2 materials exhibited markedly different biological
and systemic behaviours. In Bio-C Repair the concentrations of zirco-
nium oxide at the renal level were found to be significant whilst for
EndoSequence BC no renal presence of radiopacifier was observed,
speculating that volumetric stability may lead to a more effective
persistence of the radiopacifying agent within the matrix. A probable
correlation could be established between the release pattern of radi-
opacifiers and the composition of the matrix of various sealers, their
dimensional stability and possible systemic implications of accumu-
lation in other organs.” Figure 6 reports an emblematic radiographic
disappearance of apically extruded materials 12 months after filling
procedures.

Radiographic Persistence of Sealers

All previously discussed mechanisms can lead to resorption of the
extruded sealer over time. From a radiographic point of view, this
can be evaluated only in a loss of radiopacity of extruded material.
Clinical data of apical extrusion events and the radiographical dis-
appearance have been analysed by authors in relation to the sealer
typology are reported in Table 2.
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Figure 6. Apical extrusion of a premixed bioceramic sealer (NeoSealer Flo). (a) Periapical extrusion is evident in the 12-month follow-up radiograph.
(b) The extruded material was comp|ete|y resorbed, and bone hea|ing was observed in the pa|ata| root canal.

Resorption of an extruded sealer is significantly correlated with both
the position of the affected tooth and the follow-up time considered:
a significantly greater resorption, in fact, is more frequently described
for posterior teeth and follow-up periods of 4 years or longer.”' Over
time, different sealers exhibit distinct radiographic behaviours:

*  Zinc oxide-eugenol-based sealers: demonstrate significant radio-
graphic disappearance, with 69% resorption of total extrusions
observed at 4 years.*

* Resin-based sealers: epoxy-resin based sealers (AH Plus) show no
resorption at 2 years of follow-up.*

* Glass-ionomer sealers'? and silicone-based sealers'®: no resorp-
tion was observed after 1 year

* Calcium hydroxide-based sealers: specific data for the Sealapex
sealer'* show that in about 58% of cases, the extruded material is
completely resorbed within 1 year; in the remaining cases, traces
of the material were found even at 3 years of follow-up.** Some
studies' on Sealapex samples observed the presence of large
cavities within the material’s structure once hardened, which
gradually disappeared over time, resulting in an increase in radi-
opacity values.

* Hydraulic calcium silicate sealers: the modification of radiopac-
ity of calcium silicate hydraulic cements can be associated with
the nucleation of calcium phosphates and formation of biologi-
cal hydroxyapatite. This process gradually fills the voids, leading
to a reduction in overall porosity.*'** However, both nucleation
of apatite—having similar radiopacity values of mineralised
tissues—and the progressive removal of the radiopacifier from

the bone tissue due to macrophage activity lead to a reduction of
the radiopacity values in the periapical area.

*  Premixed bioceramic sealers display variable resorption rates
depending on their formulation. Specific findings include:

Endosequence BC Sealer: Exhibited a 10% resorption rate at 36 months
of follow-up.'”

Ceraseal and AH Plus Bioceramic: Showed a 50% resorption rate at 24
months.32138

BioRoot RCS: Demonstrated no radiographic resorption over time,
aligning with its high dimensional stability and bioactivity."**

Total Fill BC Sealer: Showed significant increases in radiopacity within
the first 24 hours. Over the next 28 days, the mmAl values increase
slightly."

Grey-MTAFlow: the increase in radiopacity within the first 24 hours
and the following 28 days is similar but lower compared to Total Fill
BC Sealer.” Total Fill BC Sealer exhibits a more efficient precipitation
process with lower solubility levels.331'4

Knowledge Gaps and Research Priorities

The fate of extruded sealer has been mainly investigated in clinical
studies by means of bidimensional radiographical analyses. This may
result in biases and misinterpretation of the clinical events occurring
in the periapical areas.

Table 2. Summary of Radiographic Behaviours of Various Endodontic Sealers Over Time, Including Resorption Rates, Type of Sealer, and

Follow-up Duration of the Single Study

Extrusion % (n/Total) Follow-up Time (years)

Sealer Type Resorption Rate% (n/Extrusions)
Zinc-Oxide eugenol (ZOE)*! 69 (41/59)

Epoxy resin-based® 0(0/39)

Glass ionomer'3? 0(0/378)

Silicone based'? 0(0/156)
Calcium-hydroxide-based'** 58 (10/19)

Premixed hydraulic calcium silicate

Endosequence BC™ 16 (48/146)

Ceraseal® 50 (3/6)

AH Plus bioceramic'*® 50(9/18)

BioRoot RCS™? 0(0/55)

64 (59/92) 4
0(0/39) 2
0(0/378) 1
0(0/156) 1
31(19/62) 1
47 (146/307) 3
13 (6/44) 2
47 (18/38) 2
0(0/55) 1




99 Zamparini et al. The Fate of Apically Extruded Sealers

Eur Endod J 2026; 11: 90-102

The radiographical disappearance of extruded sealer on the radio-
graph does not automatically mean that it was completely removed
from the periradicular tissues. The amount of material or its density
may have been reduced to a point that it cannot be discerned on a
periapical radiograph.* Nevertheless, it demonstrates active biologi-
cal events that occurred in the periapical area on sealers with a spe-
cific chemical composition.

Three-dimensional analyses could be useful to accurately assess the
dissemination and migration of extruded sealers. Clinically, CBCT has
shown greater diagnostic accuracy and the ability to reveal lower suc-
cess and healing rates under strict criteria compared with periapical
radiographs.’*® However, despite this potential, the routine clinical
use of CBCT for such purposes is not justified because of ethical con-
siderations, including the as low as reasonably achievable (ALARA)
principle and the higher radiation dose when compared with con-
ventional radiography. Laboratory investigations may benefit from
standardised micro CT investigations on the migration of any unset
material in the bone tissue.

Finally, histological studies and ex vivo research should be more
focused on the biological events that occur when sealer is extruded
in bone tissues and to evaluate these events in different clinical
simulations (periapical bone with no periapical lesions or periapi-
cal bone with active or chronic periapical lesions). Ex vivo analysis
of apatite nucleation of the sealers, not only in vitro laboratory
research, could be useful to exactly know the events occurring in
the periapical apex.

CONCLUSIONS

Clinicians should be aware of the type of material used for root canal
filling. The apical extrusion of some sealers might have implications
for post-operative pain and outcome. In the presence of extrusion
risk factors such as a resorbed apey, it is recommended for the clini-
cian to use materials that can potentially cause less pain in the follow-
ing days, highly biocompatible and with low solubility.

In all cases, material extrusion exceeding 2.0 mm is an undesired
event and correct management of working length and apical gaug-
ing is important to reduce this risk.

Radiographic monitoring remains a valuable method to evaluate the
persistence of extruded sealers over time. Clinicians should interpret
bidimensional radiographic findings with caution because the appar-
ent disappearance or changes in the radiographic image do not nec-
essarily correlate with the material resorption or transformation at
the histological level.

Well-structured in vivo studies are needed, especially for newly devel-
oped sealers. Randomised clinical and radiological follow-up could
help clinicians better understand their physicochemical behaviour
and potential biological risks in cases of sealer extrusion. The estab-
lishment of a standardised terminology will be important to accu-
rately describe these phenomena and to prevent misinterpretation
or inconsistency in future investigations.
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