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ABSTRACT

The endodontic retreatment is a feasible solution when post-operative apical periodontitis persists
or develops. The complete removal of the filling materials is important in order to ensure the unobstructed
contact of the intracanal disinfectants with the microbes. As a new generation of bioceramic endodontic
sealers has emerged, their removal efficacy from the root canal system during retreatment is a matter
of concern among clinicians. The aim of this article is to provide a comprehensive review of the current
literature on the retreatability of these novel obturating materials. A significant amount of bioceramic
sealer remnants in the root canal walls was observed in all studies. Even though canal cleanliness
could not be obtained at an ideal level, the re-establishment of the working length and patency can be
considered manageable and comparable to other endodontic sealers.
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RESUMEN

El retratamiento endodontico es una solucion factible cuando la periodontitis apical post-operatoria
persiste 0 se desarrolla. La eliminacion completa de los materiales obturadores es importante para
garantizar el contacto y accion de los desinfectantes e irrigantes endoddnticos con los microorganismos
persistentes. A medida que ha surgido una nueva generacion de selladores endoddnticos bioceramicos,
su eficacia de eliminacion del sistema de conductos radiculares durante el retratamiento es motivo de
preocupacion entre los profesionales. El objetivo de este articulo es proporcionar una revision exhaustiva
de la literatura actual sobre la influencia o posibles limitantes del uso de este tipo de cementos bioactivos
durante el retratamiento endodontico. Los estudios determinaron una cantidad significativa de restos
de selladores bioceramicos en las paredes del conducto radicular. Aunque la limpieza del canal no se
pudo obtener a un nivel “ideal”, el restablecimiento de la longitud de trabajo y la permeabilidad se puede
considerar manejable y comparable a otros selladores endodonticos.
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INTRODUCTION

Primary root canal therapy is a predictable
medical procedure with a minimum success rate
of 82% for vital and 73% for non-vital teeth (1,2).
However, the endodontic treatment may not be
successful due to various reasons. The inadequate
chemomechanical debriment results to remaining
contaminated pulpal tissue. Moreover, recurrent
carries, tooth fracture or unsuccessful coronal
restoration may facilitate the re-establishment
of bacterial biofilms and hinder the survival of
the tooth (3,4). In cases where an endodontic
inflammatory lesion persists or develops, the
options of endodontic retreatment, surgical
intervention or tooth extraction may be considered
(5). It has been shown that the success rate of
the former option is 77% (6). Thus, when possible,
orthograte root canal retreatment should be the
first choice of the clinician, as it may provide an
environment conducive to periradicular healing
without rendering the tooth structure (7).

The main aim during the revision of a
root canal therapy is the elimination of the
microorganisms and their by-products that
sustain the periapical pathosis (8). The remaining
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obturating materials operate as a mechanical
barrier between the intracanal disinfectants and
the microbes that reside in areas hard to access
such as dentinal tubules, lateral canals and
isthmi (9). Hence, in order to allow irrigants and
medicaments to reach every part of the root canal
system, all the filling remnants should be removed
(10,11). Furthermore, the apical retrieval of the
obturating materials during re-instrumentation
assists the clinician to attain apical patency
(12). Also, the residual material may adversely
affect the adhesion of the new sealer to dentin
(13). It has been demonstrated that most of the
remnants after retreatment are of sealer origin
(14). Unfortunately, several reports argue that its
complete removal cannot be achieved with any
known retreatment method (15-20).

Since its introduction as “Hill's stopping”,
gutta percha is the most common material for
root canal obturation. Gutta percha is used
in conjunction with a root canal sealer (21).
Depending on their chemical formulation, sealers
can be classified as zinc-oxide eugenol, epoxy
resin, silicon, calcium hydroxide, glass ionomer,
methaacrylate resin, and calcium-silicate based.
The latter category includes the MTA and the
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bioceramic based sealers (21-23). The second
generation bioceramic sealers are made of pure
medical-grade tricalcium silicate nanoparticles, do
not include an aluminate phase and are free of
heavy metals (24,25).

The controversy on the removal of the
bioceramic root canal sealers during retreatment
is a matter of concern among clinicians. Thus, the
aim of this study was to assess their retreatability
by identifying the published research and by
performing a comparative analysis of the results.
To the best of our knowledge this is the first review
highlighting this issue.

In order to collect the available literature,
a search for citations up to February 2018, was
undertaken using the Embase and the Medline
databases. The keywords used for the search
were: “Bioceramic sealer removal”, “Bioceramic
sealer retreatment”, “BioRoot RCS”, “Endosequence
BC Sealer”, “iROOT SP”, “Totalfill BC sealer” and
“Tricalcium silicate sealer”. The search was restricted
to English language articles.

THE MODEL OF BONDING BETWEEN
BIOCERAMICS AND DENTIN

The first pure bioceramic endodontic sealer
was launched in 2007 as iROOT SP (Innovative
BioCeramix, Inc., Vancouver, Canada). This sealer is
also on the market under the name EndoSequence
BC Sealer (Brasseler USA, Savannah, Georgia)
and Totalfill BC Sealer (FKG Dentaire, Switzerland)
(25,26). Present in its chemical composition are
calcium silicate, calcium phosphate monobasic,
zirconium oxide, filler and thickening agents (27).
Recently, another high purity bioceramic sealer,
BioRoot RCS (Septodont, Saint Maur des Fossés,
France) was launched. Modified from Biodentine,
its fine powder consists of tricalcium silicate and
zirconium oxide, while the liquid solution contains
calcium chloride. Both parts comprise excipients
as well (28).

Similar to other calcium silicate based
sealers, bioceramics utilize the inherent moisture
of the dentinal tubules in order to set. The
hydration reaction results in the formation of a
calcium silicate hydrate gel and portlandite (29).
The latter reacts with the phosphate-ion containing
dentinal fluid and forms hydroxyapatite, that in
the supersaturated alkaline environment appears
as calcium-deficient B-type carbonated apatite
precipitate (30,31). The deposition of apatite crystals
confirms the bioactivity of these materials (32).

The way bioceramic sealers bond to root
dentin after setting is under investigation (27,33).
Research suggests a chemical adherence (34)
as well as a micromechanical anchorage of the
material to the dentin substrate (27). Specifically,
the setting reaction products cause an alkaline
caustic etching to the adjacent dentin that
ruptures the intermolecular bonds of the collagen
fibrils and creates a porous surface. In this zone,
an ion exchange layer is formed and minerals of
the sealer permeate the dentin (35). This zone
is called the mineral infiltration zone (27,31,35).
Along this layer, intrafibrillar apatite deposition
takes place (36). Moreover, in vitro studies
illustrated intratubular diffusion of the calcium
silicate minerals, that appear as mineral plugs,
and extend from the interfacial layer to within the
dentinal tulules (31,34,35,37,38). The tubular
penetration of BioRoot RCS was confirmed in a
study, as confocal microscopy revealed mineral
tags along the mineral infiltration zone and inside
the dentin. This zone was absent in the AH Plus
group, which however exhibited resin tags within
the dentinal tubules (39). The extent of tubule
penetration for calcium silicate based sealers was
measured up to 2000pm (40).

Regarding the above, it can be speculated
that the chemical bond, induced by the
interactions in the mineral infiltration zone and
by the precipitation of apatite crystals, and the
micromechanical anchorage, caused by the cement
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plugs in the dentinal tubules, create a unique model
of bonding between the calcium silicate materials
and the dentin.

This biomineralization activity has been
shown to enhance the adhesion and the
resistance to dislocation from dentin (41,42). The
aforementioned property, as well as their hardness
upon setting (19,43), may hinder the complete
subtraction of these sealers from the root canal
during the secondary endodontic treatment.
Thirteen in vitro studies that referred to the removal
of the calcium silicate obturating materials were
located and selected for this review (19,33,43-
52). Two of those were excluded because they
were referring to calcium silicate sealers that
were MTA-based (47,48). From the remaining
eleven studies, six evaluated the retreatability of
Endosequence BC Sealer (19,44,46,50-52), three
of iROOT SP (45,49,53), one of Totalfill BC sealer
(43) and one of BioRoot RCS (33) (Table 1).

RETREATABILITY ASSESSMENT METHODS AND
TECHNIQUES

In order to evaluate the retreatability of the
bioceramic sealers, the studies considered various
parameters (Table 1). For example, the ability to
reach working length (WL) (43,44) and the attain

42 ODOVTOS-Int. J. Dent. Sc. | No, 20-2: 39-50, 2018. ISSN:1659-1046.

of patency (19,33,43,44,50-52) were assessed.
The time to reach working length (45,49,53) or to
complete the retreatment procedure (19,33,43—
45,50,53) were also recorded. The material
remnants were evaluated with various techniques
such as digital radiography (46), scanning electron
microscopy (44,50,53), confocal microscopy (50),
micro CT (19,45,51,52) and optical microscopy
(33,43,49). The techniques that were used
present some advantages and entail some
limitations. The radiographs and digital images of
vertically sectioned teeth offer two dimensional
information about a three dimensional space and
no accurate measurement of the total canal area
can be implemented. Another shortcoming is the
subjective evaluation of the remaining material that
can occur between observers. Moreover, part of the
filling remnants can be dislocated during the root
splitting (19,45,49). On the other hand, scanning
electron microscopy can qualitatively assess the
cleanliness of the open or obstructed dentinal tubules
(53). Micro CT is a non-invasive and reproducible
evaluation method that can quantitatively measure
the remaining debris with limited operator bias
(19). However it cannot distinguish the proportion
of gutta percha and sealer remnants (45). Also, the
evaluation of the thickness and the depth of sealer
penetration into dentinal tubules may be accurately
depicted only with confocal microscopy (50).
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STUDY

NUMBER OF SPECIMENS

SEALERS

EVALUATION METHODS

Hess et al. 2011 (44)

Ersev et al. 2012 (46)

Ma et al. 2012 (45)

Simsek et al. 2014 (53)

Uzunoglu et al. 2015 (49)

Kim et al. 2015 (50)

Agrafioti el al. 2015 (43)

de Siqueira Zuolo et al. 2016
19

Oltra et al. 2016 (51)

Donnermeyer et al. 2017 (33)

Suk et al. 2017 (52)

40 mesial buccal roots
of upper molars

120 palatal roots
of upper molars

40 lower incisors

60 single-rooted premolars

40 lower premolars

28 single-rooted teeth

54 single-rooted teeth

64 lower canines

56 upper incisors

192 single-rooted teeth

36 upper lateral incisors
and lower premolars

AH Plus
Endosequence BC Sealer

Activ GP System
AH Plus
Endosequence BC Sealer
Hybrid Root SEAL

iRoot SP

AH Plus,
iRoot SP
MM Seal

AH-26
iRooT SP
MTA Fillapex

AH Plus
EndoSequence BC Sealer

AH Plus
MTA Fillapex
TotalFill BC Sealer

Endosequence BC Sealer
Pulp Canal Sealer EWT

AH Plus
Endosequence BC Sealer

AH Plus
BioRoot RCS
Endo C.P.M
MTA Fillapex

AH Plus
Endosequence BC Sealer
MTA Fillapex

Scanning electron microscopy
Working length
Patency
Time for retreatment

Digital X-Ray

micro-CT
Time for retreatment

Scanning electron microscopy
Time for retreatment

Stereomicroscopy
Time for retreatment

Scanning electron microscopy
Confocal microscopy
Patency
Time for retreatment

Optical microscopy
Working length
Patency
Time for retreatment

Micro-CT
Patency
Time for retreatment

Micro-CT
Patency

Light microscopy
Patency
Time for retreatment

Micro-CT
Patency
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THE EFFECT OF THE OBTURATING MATERIALS AND
TECHNIQUES

In all experiments the main filling material
was gutta percha. However, the obturation modality
differed among studies. Roots were filled either
with lateral compaction (45,49,52,53), continuous
wave of condensation (19,43-45,50,51) or single
cone technique (33,44,46,49). Ma et al. used iRoot
SP either with lateral or warm vertical compaction
of gutta percha. It was proved that there were
statistically more filling remnants in the apical
portion of the root canal after retreatment when
the second obturation technique was used (45).
Moreover, two studies examined the retreatability
when the master cone was intentionally placed 2
mm above the working length during obturation
(43,44). In Hess et al. the WL was reached only in
30% of the teeth obturated with Endosequence BC
Sealer and misplaced gutta percha. These findings
come in contrast to Agrafioti et al., who followed the
same obturation protocol, and the WL was reached
in 100% of the specimens filled with TotalFill BC
Sealer. The authors attribute the different results
to the unlike class of teeth that were used in the
two studies (43). It should be noted that, although
Agrafioti et al. used warm vertical compaction for
all specimens, Hess et al. used this technique
only for AH Plus and the bioceramic sealer was
used in a single cone technique. Hence it can be
speculated that the different obturation techniques
may alter the results among studies. Furthermore,
in the first study chloroform was used as a solvent.

THE EFFECT OF THE RETREATMENT TECHNIQUES

Various  retreatment  techniques  are
presented in the studies. Ultrasound tips (43), Gates
Glidden drills (19,46,50,53) and heat application
(44) were employed for the removal of the coronal
filling material. Their additional use might affected
the results of the studies that compared the
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dentinal cleanliness among different root canal
thirds after the bioceramic sealer removal (46,53).
Specifically, the use of Gates Glidden drills (46,53)
and ultrasound tips (53) in the coronal part of the
root may enhanced the result of more clogged
dentinal tubules (53) and more remaining debris
(46) in the apical third. On the contrary, when the
canals were instrumented only with rotary files,
the percentage of the residual bioceramic sealer
on the apical third was similar (49) or less (51)
from the middle and the coronal third.

Rotary (19,33,43-46,49-53) and hand
(33,46,49) files were used along with sodium
hypochloride (19,33,43-46,49-53) and EDTA
(19,33,45,51-53) for the removal of the filling
material. Although most studies utilized one
sequence of rotary files for all specimes (43-
45,49-52), some compared the bioceramic
material removal efficacy of a rotary system to
another (19,33) or to Hedstrom files (33,46).
Donnermeyer et al. found the manual removal of
BioRoot RCS to be as effective as the removal
with various rotary systems (Reciproc R40, Mtwo
40/.06, F6 Skytaper). In the same study the sealer
remnants did not differ statistically between the
rotary systems either (33). Similarly, the Protaper
Universal retreatment system and the manual
Hedstrom files were found equally effective in
the removal of Endosequence BC Sealer (46).
This comes in accordance with de Siquera Zuolo
et al. who found no difference in the volume of
the remaining Endosequence BC Sealer when
comparing the TRUShape and Reciproc file
systems (19). Furthermore, the residual debris
of iRoot SP was evaluated after retreatment with
ultrasound ESI tips or a rotary system (R-Endo
files). There was no difference in the amount of
filling material between the techniques (53).
The effect of the Photon Induced Photoacoustic
Streaming (PIPS) was also assessed in a study.
The PIPS significantly enhanced the dislocation of
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the Endosequence BC Sealer remnants from the
root canal after retreatment (52).

THE EFFECT OF SOLVENTS DURING RETREATMENT

Some studies tested the dissolving capacity
of chloroform in all (19,43,44) or in half (45,51)
of their specimens. One study mentioned that
chloroform solvents do not improve the removal
of the Endosequence BC Sealer (43). Additionally,
chloroform delayed the removal of iRooT SP
from the root canal (45). On the contrary, Oltra
et al. found that the use of chloroform reduced
significantly the residual Endosequence BC Sealer
remnants (51).

COMPARISON AMONG SEALERS

The bioceramic sealer remnants were
compared to those of AH Plus (33,46,50-53), AH
26 (49), MTA Fillapex (33,49,52), Hybrid Root Seal
(46), Activ GP System (46), MM Seal (53), Pulp
Canal Sealer EWT (19) and Endo C.P.M sealer
(33). The retreatment procedure was considered
to be complete when filling debris was no longer
evident on the endodontic files. However, all
of the studies had concluded that a significant
amount of filling materials remained in the root
canal after the retreatment. This result referred
not only to the bioceramic but also to all the other
endodontic sealers (19,33,46,49-53). Particularly,
retreatment of iRoot SP left more filling remnants
than AH-26 (49). When Endosequence BC Sealer
was compared with Hybrid Root SEAL and Activ GP,
no significant difference was detected with respect
to the material oddments (46). The same results
were demonstrated for iRoot SP - MM Seal (53) and
BioRoot RCS - Endo CPM Sealer (33) . However,
specimens filled with Endosequence BC Sealer had
significantly more remnants than those filled with
Pulp Canal Sealer EWT (19). Regarding AH Plus,
it exhibited the same (46,50,52,53) or less (51)
remaining filling material than Endosequence BC
Sealer and iRoot SP. On the contrary, retreatment

of BioRoot RCS resulted in less sealer remnants
than AH Plus (33). It should be also mentioned
that 6mm beyond the apex confocal microscopy
revealed the same amount of dentin penetration
area and a deeper penetration depth for AH Plus
when compared to Endosequence BC Sealer (50).
Furthermore, while Suk et al. found the residual
debris of MTA Fillapex to be significantly less
than Endosequence BC Sealer (52), two studies
contend that this sealer leaves the same amount of
remnants as iRoot SP (49) and BioRoot RCS (33).
The discrepancy of the results may be attributed
to differences in methodology, such as the use
of teeth with different root canal anatomy, the
different retreatment methods, and to the different
assessment of the remaining filling material (46).
Thus, firm conclusions are not feasible.

THE ABILITY TO REACH WORKING LENGTH AND TO
ATTAIN PATENCY

The ability to reach working length was
examined by three studies (43,44,51). Hess et
al. compared the retreatability of AH Plus and
Endosequence BC Sealer with the master cone
placed to or 2mm short of the working length.
The WL attainment of the ‘Endosequence BC
Sealer - master cone 2mm short of the WL group
was significantly lower from all the other groups
(44). On the contrary Agrafioti et al. presents
different results. They compared the retreatability
of TotalFill BC Sealer, AH Plus and MTA Fillapex,
with the gutta percha cone placed as described
above. WL was achieved in all specimens of all
groups (43). Regardless of the use of chloroform
as a solvent, Oltra et al. showed a 93% recovery
of WL in the specimens filled with Endosequence
BC Sealer (51).

The establishment of patency has been
reported to significantly increase the periradicular
healing rates (54). Hence, the attain of patency
was thoroughly investigated and regained by small
stainless steel hand files (19,33,43,44,50-52).
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In three studies patency was achieved in all of
the specimens filled with bioceramic sealer and
gutta percha (33,43,50). On the contrary, while
the apical foramen was accessed in all teeth
obturated with Pulp Canal Sealer EWT, this was
not feasible for 15% of the specimens obturated
with Endosequence BC Sealer (19). Hess et al.
mentioned a 30% to 80% apical patency recovery
depending on the placement of gutta percha 2mm
short of or to the WL (44). In another study, the
retreatment of Endosequence BC Sealer without or
with the use of chloroform led to a 14% and 80%
patency regaining respectively (51). Hence, it can
be speculated that access to the apical foramen is
feasible after a root canal filling with bioceramic
sealer, especially when the gutta percha cone had
reached the working length during the initial obturation.

THE RETREATMENT TIME

Thetimetoreachworkinglength(45,49,53)or
to complete the retreatment procedure (19,33,43—
45,50,53) was also recorded. According to Hess et
al. the time for retreatment of Endosequence BCS
was significantly longer than AH Plus (44) and
Pulp Canal Sealer EWT (19), but Kim et al. did not
confirm the former difference (50). The removal of
iRooT SP was similar in seconds to MM Seal, AH
Plus (53) and AH-26, but longer than MTA Fillapex
(49). Nevertheless, the use of solvent delayed its
retreatment procedure (45). Likewise, Agrafioti et
al. found that the retreatment of AH Plus was faster
than TotalFill BC Sealer (43). Finally, the removal of
BioRoot RCS with Hedstrom files was significantly
faster than AH Plus and same as MTA Fillapex and
Endo CPM sealer (33). The different obturation
and retreatment methods that were used among
the studies may be responsible for the variance
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of the results. However, even when the removal of
the bioceramic sealer demanded more time, the
retreatment procedure was successful in most of
the cases.

CONCLUSION

All studies have concluded that despite
the fact that filling debris was not evident on the
endodontic files after the retreatment procedure,
a significant amount of filling materials still
remained in the root canal. This was a matter of
fact not only for the bioceramic but also for all
the other endodontic sealers. The attainment of
working length and patency was achievable at a
satisfying level. Thus, the retreatability of these
novel calcium silicate sealers can be considered
manageable in the clinical act.
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