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CASE REPORT/CASO CLINICO
Treatment of a root canal
perforation using a calcium-silicate
based sealer: a case report with

a 4 year follow-up

Trattamento di una perforazione radicolare con un cemento a base di
silicati di calcio: un case report con un follow-up a 4 anni.

Abstract

Aim: This case report presents a root canal re-
treatment distinguished by a canal perforation
successfully treated with a calcium-silicate based
sealer (EndoSequence BC sealer, Brasseler USA,
Savannah, GA, USA) with a 4 year follow-up.
Summary: Root canal retreatment of a lower left
second molar was performed in 80 years old pa-
tient because of a periapical chronic periodontitis
with buccal fistula. The scouting of the mesio-lin-
gual and distal canal was obtained with a k-file
#10, while the mesio-buccal was not negotiable
because of a perforation in the middle third of
the root. Instrumentation of patent root canal was
performed and the distal canal was filled with AH
Plus (Dentsply DeTrey GmbH, Konstanz, Germany)
and Thermafil Obturator (Dentsply Maillefer, Bal-
laigues, Switzerland) whereas the mesial canals
and the perforation were sealed using En-
doSequence BC Sealer and dedicated En-
doSequence BC Points in order to perform a suc-
cessive apical surgery. The improvement of
clinical conditions and, successively, the gradual
bone healing, confirmed with analogical radio-
graphs, led to avoid the complicated endodontic
surgery on this lower second molar, having already
an acceptable clinical success.

Key Learning Points: This case report confirmed
the favorable physical and biological properties
of calcium-silicate based sealers and, most of all,
the handling properties of the EndoSequence BC
sealer. In selected cases these type of sealers
might lead to resolve complex treatments without
using specialistic equipments like microscope
and help general clinicians to approach complic-
ated endodontic cases in an easier way.
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Obiettivi: Questo case report presenta un ritrat-
tamento endodontico di un secondo molare
mandibolare, trattato con successo utilizzando un
cemento canalare a base di silicati di calcio (En-
doSequence BC sealer, Brasseler USA, Savannah,
GA, USA) con un follow-up a 4 anni.

Riassunto: Un paziente di sesso maschile di 80
anni é stato sottoposto ad un ritrattamento canalare
su un secondo molare inferiore a causa di una peri-
odontite apicale cronica con ascesso in atto e tra-
gitto fistoloso. Lo scouting dei canali mesio-linguale
e distale é stato effettuato con un K-file #10, mentre
il canale mesio-buccale non é risultato percorribile
a causa di una perforazione nel terzo medio del
canale. | canali sondabili sono stati strumentati ed
il canale distale & stato chiuso con cemento AH Plus
(Dentsply DeTrey GmbH, Konstanz, Germany) e Ther-
mafil Obturator (Dentsply Maillefer, Ballaigues,
Switzerland). | canali mesiali e la perforazione sono
stati chiusi con il cemento EndoSequence BC Sealer
ed i suoi coni di guttaperca dedicati, con lo scopo
di eseguire successivamente una revisione chirur-
gica. Il miglioramento delle condizioni cliniche e la
graduale guarigione ossea, confermata dai controlli
radiografici, hanno permesso di evitare la chirurgia
endodontica che in questo sito sarebbe stata sicura-
mente complessa.

Punti chiave: Questo case report conferma le
favorevoli caratteristiche fisiche e biologiche dei
cementi a base di silicati di calcio e, in particolare,
la facilita di utilizzo del’lEndoSequence BC sealer.
In casi selezionati questi cementi possono per-
mettere di risolvere casi complessi senza I'utilizzo
del microscopio, rendendo questi trattamenti piu
accessibili al dentista generico.

Societa Italiana di Endodonzia. Production and hosting by Ariesdue. This is an open access article under the CC BY-NC-ND license
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Introduction

erforation is an artificial com-
munication between the root
canal system and supporting
tissues of the teeth (1) that can
lead to periodontal defects
and tooth lost (2).
It might occur because of caries evolu-
tion, internal resorption into periradicu-
lar tissues or iatrogenic factors such as
preparation of access cavities, insertion
of manual or rotary instruments or root
canal retreatment in which intraradicu-
lar posts need to be removed (3, 4). The
frequency of accidental root perfora-
tions has been reported to range from
2% to as high as 12% (5, 6).
If the iatrogenic damage is not properly
treated, the perforation acts as an open
portal of exit encouraging bacterial pro-
liferation and that can prevent healing
and elicit inflammatory response lead-
ing to tender teeth, abscesses, fistulae
and bone resorptive process (7). How-
ever, the prognosis differs according to
different factors. Large perforations
present worst prognosis than smaller
ones. Large-sized perforations usually
occur during operating procedures such
as the opening of the pulp chamber
with aggressive burs or post preparation
causing more traumatic injuries to the
surrounding tissues. Small perforations
are easier to repair and they provide a
better seal of the defect than the larger
ones, avoiding continuous bacterial
presence in the damaged area (8, 9).
Fuss & Trope (1996) defined coronal, cre-
stal and apical perforations basing this
classification on the location of the de-
fect and the related prognosis (10).
The timing of treatment influences as
well the prognosis, the best time to
repair root perforations is immedi-
ately after occurrence. The delay in
repair of perforations decreases the
prognosis for healing (11, 12, 13). The
use of the operating microscope may
improve the quality of the sealing of
perforations (14).
The ideal root repair material should be
biocompatible with the host, non-toxic,

Giornale Italiano di Endodonzia (2019) 33

non-cariogenic, bacteriostatic and ra-
diopaque. It should also induce osteo-
genesis and cementogenesis and it
should provide adequate seal. It should
be easy obtainable, relatively inexpens-
ive and it should not cause the patient
or the dentist any unnecessary incon-
venience (1, 8, 15, 16). No material offers
all of these properties. Nowadays Min-
eral Trioxide Aggregate (MTA) is the
most common root repair material.
More recently, bioceramic-based root
canal sealers have been introduced in
endodontic practice and they have also
been reported as root repair materials.
Bioceramics have been classified into
“bioinert” or “bioactive” materials de-
pending on the interaction with the liv-
ing tissues: bioinert materials, such as
alumina and zirconia, do not induce
any biological or physiological effects
on the surrounding tissues. Bioactive
materials, such as glass and calcium
phosphate, stimulate the growth of hard
tissues (17). Bioceramic-based root
canal sealers can be classified accord-
ing to their major constituents into cal-
cium silicate-based sealers, MTA-based
sealers and calcium phosphate-based
sealers (18).

EndoSequence BC Sealer (BC Sealer,
Brasseler USA, Savannah, GA, USA) is
a premixed calcium silicate-based
sealer that is composed of calcium silic-
ates, monobasic calcium phosphate, cal-
cium hydroxide, zirconium oxide, filler
and thickening agents (19). The physical
and biological properties of this sealer
have been largely studied showing good
sealing ability, an high pH and a mod-
erate cytotoxicity (20, 21, 22). The set-
ting reaction of EndoSequence BC
Sealer is divided in two phases: in the
initial setting time the reaction between
calcium hydroxide and calcium phos-
phate in presence of water produces hy-
droxyapatite and water. In the final set-
ting time the calcium silicate particles
react with the water produced in the
previous phase to form a calcium silic-
ate hydrogel (22).

This case report showed a root canal
retreatment distinguished by a canal
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Figure 1

Endodontic retreatment

of mandibular second molar
with perforation.

(A) Initial radiographic aspect,
(B) detection of perforation
and confirmation of

working lenght,

(C) working length control
with Thermafil Verifier in the
distal canal and BC Point in
the mesio-lingual canal and
(D) final obturation.

perforation treated with the En-
doSequence BC Sealer with a follow-up
of 4 years.

— Report
A 80-years-old male patient was ex-
posed to root canal treatment of
mandibular left second molar because
of irreversible pulpitis diagnosed in Oc-
tober 2012. The patient was referred to
the department of Operative Dentistry
and Endodontics, Fondazione
Policlinico Universitario IRCCS
Agostino Gemelli, Rome, Italy, in May
2013 complaining pain on biting on
tooth 37. At a physical examination, the
tooth was tender to percussion, presen-
ted a buccal fistula in concurrence with
a physiological periodontal probing
depth. The periapical radiograph (Fig-
ure 1A) showed a radiolucency in the
mesial root. The analogical radiographs
were taken using X-ray holders Rinn.
Based on this finding the tooth was
scheduled for a root canal retreatment.
The anamnesis was not relevant in this
treatment. Regarding his dental history,
the patient was a bruxist. The local an-
esthesia was always obtained with 3%
Mepivacaine. During first visit, the re-

moval of the composite filling and a
new access cavity with a cylindrical
diamond bur and Endo Z bur were per-
formed under rubber dam using pris-
matic loupes at 4X magnification (Oras-
coptic, Middleton, Wisconsin). Two
mesial canals and one distal canal were
located. The scouting was obtained
with a K-file #10 (Dentsply Maillefer,
Ballaigues, Switzerland) in the distal
and in the mesio-lingual canal despite
of the presence of gutta-percha whereas
the apex was not reached in the
mesio-buccal canal. A perforation in
the middle part of the canal was detec-
ted. The perforation and the working
lengths were assessed using an elec-
tronic apex locator (Dentaport ZX, J.
Morita corporation, Tokyo, Japan) and a
radiograph (Figure 1B). The glide-path
in mesio-lingual and distal canal was
obtained using PathFile (Dentsply
Maillefer, Ballaigues, Switzerland) #13,
16 and 19, then they were shaped with
Protaper Universal using the whole se-
quence up to F4 and F3. Unfortunately,
the mesio-buccal canal was not negoti-
able. During instrumentation, 5.25%
sodium hypochlorite needle irrigation
was performed. After root canal irriga-
tion with saline solution, the canals
were dried with steril paper points and
the access cavity was temporized with
a provisional material (Coltosol F,
Colténe/Whaledent AG, Switzerland).
A decision was made to try and save the
tooth by filling the mesio-lingual canal
with EndoSequence BC Sealer and ded-
icated EndoSequence BC Points
(Brasseler USA, Savannah, GA, USA)
and by filling the mesio-buccal canal
only with EndoSequence BC Sealer in
order to seal the apical third and to pre-
pare the mesial root complex for apical
surgery.

One week after the first visit, the tooth
was asymptomatic but the fistula per-
sisted. The rubber dam was placed and
the temporary filling material was re-
moved with a cylindrical diamond bur.
The apical preparation was performed
with Verifier Files 0.4 #35 (Dentsply
Maillefer, Ballaigues, Switzerland) in
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the mesio-lingual canal and #45 in the
distal canal. The mesio-buccal canal
was prepared with F2 Protaper univer-
sal until perforation. Sonic activation
with EndoActivator System (Dentsply,
Tulsa Dental Specialities, Tulsa, Ok)
was performed using 5.25% sodium hy-
pochlorite through the whole canal
length. After sodium hypochlorite last
flush the canals were flooded with
EDTA 17% for 1 minute. The final rinse
was obtained by sterile saline solution,
and all canals were dried with sterile
paper points.

The distal canal was filled with AH
Plus (Dentsply DeTrey GmbH, Konstanz,
Germany) and Thermafil Obturator #45
(Dentsply Maillefer, Ballaigues,
Switzerland) and the mesio-lingual
with EndoSequence BC Sealer and En-
doSequence BC Point #35. The tip of the
EndoSequence BC sealer was inserted
until perforation in the mesio-buccal
canal and then a “back-filling” of the
canal was performed using a light pres-
sure. A Radiograph of the filling was
taken (Figure 1D) and a temporary ma-
terial (Coltosol, Colténe-Whaledent,
Langenau, Germany) was used to seal
the access cavity. Seven days after the
root canal filling the fistula disap-
peared, the tooth was asymptomatic
and it was restored with a direct resin
composite. The immediate improve-
ment of clinical conditions led us to
prolong the post-operative observa-
tional period, in the hope to possibly
avoid the apical surgery, if not neces-
sary. Radiographs at 3, 6, 12 months
were taken to check the tooth healing
(Figure 2A, 2B, 2C). At 48 months the
presence of a lamina dura around the
tooth and the absence of radiolucency
suggested an healthy periodontal liga-
ment (Figure 2D).

Discussion

Root canal perforations represented one
of the most difficult situations to deal
with in endodontics. Tsesis et al. (2010)
reported that root canal perforations
more frequently occur in mandibular
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molar teeth (54.31%) than in other sites
(23). The authors ascribe this result to
the degree and configurations of mesial
canal curvature in the mandibular
molar that might impose technical dif-
ficulties during instrumentation. As
stated above, the ideal material to repair
perforations should have several prop-
erties such us cytocompatibility, anti-
microbial activity and osteogenic po-
tential. Endo Sequence BC Sealer seems
to possess all of these features: Zoufan
et al. reported that Endo Sequence, both
freshly mixed or set, showed lower
cytotoxicity than AH Plus (Dentsply De
Trey GmbH, Germany) and Tubli-seal
(Kerr-Sybron Dental, Orange, CA) seal-
ers; Candeiro et al. found Endo Se-
quence BC sealer less cytotoxic on hu-
man gingival fibroblasts than AH Plus
but similar antibacterial effect against
Enterococcus faecalis of these two seal-
ers (24,25). Willershausen et al. showed
that AH Plus and Pulp Canal sealer (Sy-
bron Dental, Orange, CA) had an higher
cytotoxicity than EndoSequence which
possessed a superior antibacterial effect
(26). Contrarily Loushine et al. de-
scribed EndoSequence BC sealer more
toxic to mouse fibroblast up to the fifth
week than AH Plus .

According to the authors these results
might be related to the different protocols
applied (22). Lastly, EndoSequence BC
sealer in vitro seemed to promote more
osteoblast differentiation than MTA hav-
ing potentially in vivo greater osteogenic
power (27).

Cytocompatibility and osteogenic poten-
tial are important features of an en-
dodontic sealer since the extrusion of
the material over the apical foramen is
common during the filling of the root
canal. During this canal treatment, the
extrusion of EndoSequence BC sealer
over the perforation and even in the fis-
tulous tract, as well showed in Figure
1D, did not represent a hindrance to the
bone healing process.

On the one hand the extrusion of the
sealer was a direct consequence of the
EndoSequence flow rate that is con-
sidered acceptable and higher than AH
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Figure 2

Radiographic follow-up after
(A) 3,(B) 6, (C) 12

and (D) 48 months,
evidencing the healing

of the area.

Plus flow rate (21), on the other hand the
good flow of this material makes the
sealer injectable, more attractive for
clinical use and leads a good sealing of
the apical foramen, dentinal tubules and
accessory canals (22).

In the clinical case here described the
extrusion of EndoSequence was not re-
sorbable, after four years of observation
almost the same amount of sealer is vis-
ible over the apex. Many authors af-
firmed that the placement of MTA, sim-
ilar for composition to EndoSequence,
should be confined within the root canal
system because the extrusion might re-
duce the possibility of success of the en-
dodontic treatment (28) but, if not, case
reports showed a slight reabsorption of
the extrusion MTA and a favorable heal-
ing around this material (29, 30).
Concerning EndoSequence setting time,
the values appear controversial. En-
doSequence showed lower values of
setting time (2.7 hours) than MTA Fil-
lapex and two epoxy resin-based sealers
(AH Plus and Thermaseal) (21). On the
contrary Loushine et al., in absence of
water, reported an initial setting time of
72 hours and a final set of 240 hours (22).
The manufacturer states a prolonged set-

ting time in case of overly dry canals but
many authors point out overly water can
affect the micro-hardness of the mater-
ial. Moreover Charland et al. noticed En-
doSequence not completely set by 48
hours in presence of blood (31). In this
treatment, a week after the root canal
filling, the sealer of mesio-buccal and
mesio-lingual canals was completely
set in the coronal visible part despite
the perfect drying of the canals. Un-
fortunately the clinical setting was
not equipped with a microscope hence
the decision to use, in the mesial root
and for the perforation, a silicate-cal-
cium based sealer to get a fill for the
prior to apical surgery. In this case the
operator used prismatic loupes at 4X
magnification, that couldn’t give an
ideal visualization of the perforation,
during sealing procedures. The heal-
ing of the bone was reasonably due to
a good sealing of the perforation and
to a possible confluence of the mesial
canals.

— CONClUSIiONS

Although many studies demonstrated the
importance of using the microscope for
root canal treatments (32), this case report
confirmed the handling properties of
these new calcium silicate based sealers,
in particular of the EndoSequence BC
sealer, which allow to repair some types
of perforations without the use of micro-
scope making these complex cases more
accessible to general dentists.

Clinical Relevance

This simple cold root canal filling tech-
nique with EndoSequence BC sealer and
his dedicate gutta-percha cones could be
a valid alternative to warm root canal
filling techniques. Further clinical studies
are necessary to assess efficacy of this cal-
cium-silicate based sealer.
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