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Canal Obturation
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1 Introduction

Clinicians have used the lateral compaction and
thermoplastic root canal obturation techniques all
around the world with high clinical success and
acceptable long-term prognosis of the root-filled
teeth [1, 2]. However, these techniques require a
quite long learning curve, time-consuming, and
difficult to undertake [3]. Additionally, obtura-
tion of the root canal system involves maximiz-
ing the amount of gutta-percha and decreasing
the thickness of sealer. Epoxy resin, calcium
hydroxide, and zinc oxide eugenol-based sealers
significantly shrink and resorb over time; there-
fore, a thin layer of sealer has always been advo-
cated to avoid deterioration of the seal [1].
Introduction of hydraulic calcium silicate—
based cements has changed the root canal obtura-
tion standards and strategies [4, 5]. The main
advantages of these materials are biocompatibil-
ity, bioactivity, and high antimicrobial activity
[5]. Meanwhile, due to the no shrinkage and
long-term dimensional stability, these materials
can be used in larger volumes without the need to
increase the amount of gutta-percha in the root
canal, as it is a sealer- or filler-based obturation
[6]. The hydraulic calcium silicate—based sealers
are recommended to be used with a single-cone
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obturation technique, while the purpose of the
gutta-percha cone is to increase hydraulic pres-
sure inside the root canal and drive the sealer into
isthmuses, irregularities, and dentinal tubules [6,
7]. The new obturation technique is simple to
apply even for the inexperienced clinician [8].

The new materials and obturation technique
have been extensively compared in vitro and
in vivo studies and have shown similar or supe-
rior results in comparison to the conventional
obturation materials and techniques [9-14].
Although the long-term randomized clinical tri-
als are needed to prove the long-term efficacy of
the single-cone technique, the preliminary retro-
spective clinical investigations demonstrated an
overall success rate of 90.9% [15]. The hydro-
philic nature, sealability, biocompatibility, anti-
bacterial property, bioactivity, and ease of
delivery have made hydraulic calcium silicate—
based sealers promising materials to be used in
conjunction with the single-cone obturation tech-
nique in modern endodontics [14, 16—18].

2 Flowable Hydraulic Calcium
Silicate-Based Obturation
Materials

A wide variety of flowable hydraulic calcium sili-

cate—based materials are available on the market
[19]. Majority of them are premixed pastes in the
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syringes, while few materials are produced as
liquid/powder formulations [6, 18]. However, it
should be mentioned that premixed materials are
not water-based in comparison to liquid/powder
sealers. Therefore, there are differences in the
properties, applicability, and clinical use of these
flowable hydraulic calcium silicate—based mate-
rials, which can be used as sealers or biologic fill-
ers in conjunction with a regular or bioceramic
coated gutta-percha point and different obtura-
tion techniques [4, 20, 21].

2.1 iRoot’SP, EndoSequence’ BC
Sealer™, and TotalFill’ BC

Sealer™

The first premixed and ready-to-use hydraulic
calcium silicate—based material was developed
and introduced in 2007 by a Canadian company
Innovative BioCeramix, Inc., Vancouver. The
material was launched as iRoot SP injectable
root canal sealer (iRoot®SP). Since 2008, this
premixed sealer is available in North America
from Brasseler USA as EndoSequence® BC
Sealer™. Recently, this material has also been
marketed in Europe as TotalFill® BC Sealer™ by
FKG Dentaire, Switzerland. The materials are
packaged in pre-loaded syringes and are sup-
plied with disposable tips (Fig. 1). All three
materials are the same in chemical composition
(calcium silicates, zirconium oxide, calcium
phosphate monobasic, and fillers), possess the
same physicochemical and biological properties,
handling characteristics, and are equally clini-
cally effective [6, 12, 19].

iRoot®SP, EndoSequence® BC Sealer™, and
TotalFill® BC Sealer™ are premixed, convenient,
ready-to-use injectable white hydraulic cement
pastes developed for permanent root canal filling
and sealing applications. Indications for use
include permanent obturation of the root canal
following vital and necrotic pulp cases [12, 18].

These materials are widely tested and are rec-
ognized for their biological properties such as
biocompatibility, bioactivity, and antibacterial
activity, as well as for excellent physicochemical
properties [13, 20-22]. Sealers do not shrink dur-

ing setting, but tend to expand slightly and being
extremely flowable provide an excellent seal
between the dentin and filling material [5, 22, 23,
26].

These materials are also distinguished by its
ease of use [4, 15]. Materials are launched as a
premixed and ready to use. Subsequentially, it
saves time and provides a perfect consistency,
reproducible between applications. They can be
applied immediately and delivered directly from
the syringe into the root canal using the dispos-
able tips provided or can be used with traditional
placement methods [4, 6].

Unlike the majority conventional hydrophobic
sealers, the setting reaction of these hydraulic
calcium silicate—based sealers is induced by the
moisture present in the dentinal tubules [22, 24,
25]. Using this moisture, sealers form hydroxy-
apatite, to ensure optimum chemical adhesion
between the dentin and the cement [21]. Studies
have demonstrated that TotalFill BC Sealer has a
stronger bond than other commonly used cements
regardless of the moisture level inside the root
canal [26]. Main advantages of these three seal-
ers are a high pH during setting, antimicrobial
activity, biocompatibility, and bioactivity when
set, long-term dimensional stability [25, 27, 28].
Clinically appealing properties, such us easy
manipulation and deployment, economic packag-
ing, bond between cement—dentin, limited micro-
organism growth, and quite conservative canal
preparation, needed for obturation.

The working time for these materials can be
more than 4 h at room temperature, while the set-
ting time is 4 h. However, in overdried root
canals, the setting time can increase up to 10 h.
The setting time of the sealer is highly dependent
on the presence of moisture in the radicular den-
tin. Additionally, the body temperature increases
the flowability and decreases the setting time
[29]. These materials are designed and can be
used with all root canal obturation techniques. It
has been shown that endodontic retreatment pro-
cedures are not more difficult or complicated
when these materials are used in conjunction
with gutta-percha points—conventional tech-
niques can be used for the removal of the fillings
[15,30].
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2.2 EndoSequence BC Sealer HiFlow
and TotalFill’ BC Sealer HiFlow™

It has been shown that water-based hydraulic cal-
cium silicate sealers cannot be used with the warm
root canal obturation techniques because heat dra-
matically changes properties of the materials [31—
33]. However, many dental practitioners have been
using warm vertical compaction technique for
decades and were not ready to make the transition to
the simpler single-cone obturation technique [8].
Due to the recent needs, the two distinct formula-
tions and modifications of the same premixed
hydraulic calcium silicate—based sealers were intro-
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duced [34]. According to manufacturers, the new
HiFlow formula of the original BC and TotalFill
Sealers was designed for higher heat resistance (up
to 220 °C), exhibits a lower viscosity when heated,
and is more radiopaque, making it optimized for
warm obturation techniques [29] (Fig. 2). However,
nowadays there is no solid scientific evidence con-
firming superior properties and clinical advantages
of the modified high viscosity sealers [29, 35]. It is
not clearly confirmed that the real temperature
inside root canals during the thermoplastic obtura-
tion can reach these high values [31]. Thus, the
necessity of these new formulations of the original
BC and TotalFill sealers is still questionable [29].

Fig. 1 Commercially available flowable hydraulic calcium silicate-based sealers: iRoot®SP (a), EndoSequence® BC

Sealer™ (b), TotalFill® BC Sealer™ (c)
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Fig. 2 BC (a) and TotalFill (b) formulations for warm root canal obturation techniques

2.3 Bio-CSealer

The Bio-C Sealer (Angelus, Londrina, PR,
Brazil) is a new, premixed, ready for use, inject-
able hydraulic calcium silicate—based material
developed for permanent filling and sealing dur-
ing root canal treatment [36]. Bio-C Sealer is
available in a single syringe, composed of cal-
cium silicates, calcium aluminate, calcium oxide,
zirconium oxide, iron oxide, silicon dioxide, and
dispersing agents (Fig. 3a) [21]. Overall, approx-
imately 65% of the material is composed by bio-
ceramic particles, while the polyethylene glycol
is used to achieve the viscosity of the material
and facilitate its removal and cleaning after obtu-
ration procedures [21]. According to the manu-
facturer, its bioactivity is attributed to the release
of calcium ions that stimulate the formation of
mineralized tissue [36]. However, to date, few
studies have evaluated its effects on periapical
tissues and related cells [36, 37]. The working
time is 60 min; the average setting time is 120 min
(maximum up to 240 min) after insertion into the
root canal and highly depends on the moisture
inside the root canal [36]. Material is highly

alkaline—pH 12.5, has high radiopacity (equiva-
lent to 7 mm of aluminum scale), does not shrink
at the setting time, and is non-soluble or absorb-
able. According to the manufacturer, sealer can
be used with different root canal obturation
techniques, including a single-cone [36]. It is
strongly recommended to not overdry root canal
with paper points, as the moisture from the den-
tin tubules is needed to initiate the material’s
setting reaction. Material can be removed from
the root canal during endodontic retreatment
using conventional gutta-percha removal tech-
niques. It is recommended not to store the sealer
in refrigerator.

2.4 Well-Root ST

Another sealer based on tricalcium silicate is
Well-Root ST (Vericom, Gangwon-Do, Korea)
(Fig. 3b). This sealer is a premixed, ready-to-use,
injectable, bioactive root canal sealer based on
tricalcium silicate, which is a hydrophilic sealer
that requires water presence to set and harden
[27, 38]. The material is developed for permanent
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Fig. 3 The recently introduced hydraulic calcium silicate sealers—fillers: Bio-C Sealer (a), Well-Root ST (b), CeraSeal (c)

obturation of the root canal. The composition of
Well-Root as described by the manufacturer
includes zirconium oxide, calcium silicate, filler,
and thickening agents [22, 38]. The material is
hydrophilic and uses moisture in dentinal tubules
to initiate and complete its setting reactions. The
setting time is 25 min, measured according to
ISO 6876:2012 (100% humidity conditions).
However, in normal root canals, the setting time
can be more than 2.5 h as reported by the manu-
facturer [38]. The Well-Root ST should be used
in conjunction with gutta-percha points. It has
been shown that the Well-Root ST possesses
good angiogenetic properties, has a similar bio-
logical effects and low cytotoxicity as ProRoot
MTA or Biodentine [39].

2.5 CeraSeal

CeraSeal (Meta Biomed Co., Cheongju, Korea)
is a newly launched premixed endodontic sealer
containing calcium silicates, zirconium oxide,
and thickening agent. According to the manufac-
turer, CeraSeal is hydraulic calcium silicate—
based sealer, which possesses superior sealing
ability [40]. Moisture in the dentinal tubules and
calcium silicate’s chemical reaction produce
crystallization of calcium hydroxide. The mate-
rial guarantees the hermetic seal of the root canal
and prevents the influx and propagation of
bacteria [41]. The material is dimensionally sta-

ble, does not shrink or expand in the root canal,
and prevents from root infractions or fractures by
keeping its stable volume [42]. The single-cone
obturation technique can be used with this mate-
rial [40]. Due to the shorter setting time, the
material is highly resistant to the washout [41].
CeraSeal induce a high degree of Ca** release.
This product characteristically cures slowly by
absorbing the ambient water inside the root canal.
It is white and esthetic.

CeraSeal setting time is approximately 3.5 h,
material possesses high pH of 12.73, flowabil-
ity—23 mm, and radiopacity (equivalent to 8 mm
of Al). The material is selling as package of 2 g
premixed syringe with intra canal tips cannulas
(Fig. 3¢). According to manufacturer, the compo-
sition and properties of CeraSeal are very similar
to iRoot®SP, while 1,3-propanediol instead of
calcium phosphate monobasic and calcium
hydroxide is used in CeraSeal [40].

2.6 BioRoot™RCS

BioRoot™ RCS is the new generation of root
canal sealer/filler from Septodont (Saint-Maur-
des-Fosses, France) which benefits from the
Active Biosilicate Technology. This unique tech-
nology allows transforming the raw material to
the pure tricalcium silicate, without any presence
of aluminate and calcium sulfate in the final
product [13, 43].



44

S. Drukteinis

BioRoot™ RCS is a hydraulic cement, mar-
keted on 2015 and presented as a powder com-
posed of tricalcium silicate, zirconium oxide, and
a liquid, which is mainly water-based with addi-
tions of calcium chloride and a water-soluble
polymer [25, 32]. BioRoot™ RCS has been
reported to induce in vitro the production of
angiogenic and osteogenic growth factors by
human periodontal ligament cells [44]; more-
over, it has a lower cytotoxicity than other con-
ventional root canal sealers, may induce hard
tissue deposition [45, 46], and has antimicrobial
activity [47].

BioRoot™ RCS is free of monomers, highly
biocompatible, and reduces the risks of adverse
tissue reaction [43]. The antimicrobial properties
of BioRoot™ RCS prevent bacterial growth lead-
ing to clinical failures [13, 47]. In addition,
BioRoot™ RCS crystallization creates a tight
seal within the dentin tubules for improved resis-
tance to microleakage. BioRoot™ RCS is bioac-
tive by stimulating bone physiological process
and mineralization of the dentinal structure.
Therefore, it creates a favorable environment for
periapical healing and bioactive properties
including biocompatibility, hydroxyapatite for-
mation, mineralization of dentinal structure,
alkaline pH, and sealing properties.

BioRoot™ RCS was designed to be used by
manually mixing powder part (1 spoon) with the
liquid part (5 drops) by simple spatulation; the
working time is around 15 min and the setting
time is less than 4 h in the root canal [48]. In

|~ BioRoot RCS

addition, BioRoot™ RCS displayed a tight seal
with the dentin and the gutta-percha (Fig. 4) and
an appropriate radiopacity (5 mm of aluminum).
The mixed paste is of smooth consistency with
good flow which even more increases after place-
ment in the root canal (at body temperature). It
has been shown that the flow rate is 26 mm and
film thickness is 45 pm [43].

BioRoot™ RCS was designed to simplify the
obturation techniques of root canal, by ease of
mixing and use, its optimized consistency, and
elimination of the need for a warm gutta-percha
technique [4]. It has been proposed that
BioRoot™ RCS should only be used with cold
root canal filling techniques, as the heat gener-
ated during thermoplastic obturation can nega-
tively affect the flowability and film thickness of
the material [32]. In recent times, the single-cone
technique was suggested for use with hydraulic
calcium silicate cements [7].

3 Bioceramic-Coated (BC) Gutta-
Percha Points for Root Canal
Obturation

There is still the lack of solid scientific evidence
that BC gutta-percha points in conjunction with
hydraulic calcium silicate—based cements ensure
significantly better root canal sealing in compari-
son to conventional gutta-percha and hydraulic
calcium silicate cements fillings [12, 49]. It has
been claimed that standard gutta-percha points
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Fig.4 BioRoot™ RCS sealer available as a powder/liquid system, requiring manual mixing before application
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Fig. 5 EndoSequence (a) and TotalFill (b) BC points, 150 Series BC points and BC Pellets (left to right)

can be used with BC Sealer or TotalFill, but for a
tight, gap-free seal, manufacturers recommend
use BC Points [18]. BC Points are impregnated
and coated with bioceramic nanoparticles to
allow for bonding with BC Sealer producing the
uniform monoblock inside the root canal space
(Fig. 5). The benefit of using BC Sealer and BC
Points is that three-dimensional bonded root
canal obturation can be achieved at body tem-
perature [12]. It has been demonstrated that com-
bined use of TotalFill® BC Sealer™/
EndoSequence® BC Sealer™ and TotalFill BC
Points/EndoSequenc BC Points can reinforce the
root significantly increasing the fracture resis-
tance after treatment [29].

It has been shown that the excessive heat can
“dry out” the hydraulic calcium silicate—based
sealers and thus change the properties of the
materials, potentially compromising the quality
of root canal obturation [31, 32]. Therefore, the
manufacturer’s suggested if a warm vertical com-
paction technique with original formulations of
BC or TotalFill sealers is preferred by the clini-
cian, it is recommended to use 150 series BC GP
and Pellets. This new line of lowering melting

temperature gutta-percha points and backfilling
pellets has been introduced to avoid applying
excessive heat, thus making vertical compaction
using BC/TotalFill sealers a clinically possible.
The 150 series bioceramic nanoparticles contain-
ing gutta-percha melt at 150 °C and are compat-
ible with most thermoplastic heat “guns” for the
backfilling of the root canals. However, it should
be highlighted that these manufacturers’ recom-
mendations do not have any solid scientific back-
ground. In opposite, recent investigations
demonstrated that BC series sealers can be heated
and used with thermoplastic gutta-percha obtura-
tion techniques, as they are not water-based
materials [29, 31].

4 Sealer Delivery Methods

Flowable hydraulic calcium silicate—based seal-
ers/fillers can be delivered to the shaped, cleaned,
and dried root canals using different methods.
The most popular are injecting the material, using
special rotary instruments and coating the master
gutta-percha point or a hand file with a sealer to
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Fig. 6 The flowable hydraulic calcium silicate materials can be delivered using (left to right) injection via tip syringe,
Lentuo spiral, endodontic instruments, or master gutta-percha point

apply it to the canal walls and space (Fig. 6). It
has been concluded that the sealer placement
methods can play a significant role in the sealing
ability and penetrability of the sealers into den-
tinal tubules [48]. However, it also has been
shown that the sealer placement technique is
important if root canals are obturated using
single-cone obturation method, but not affect the
quality of obturation when lateral compaction is
used [49].

Premixed sealer/fillers usually are delivered
using so-called “tip delivery method,” After the
syringe cap removal from the material’s syringe,
gently attach a tip (plastic cannula) with a clock-
wise twist to the hub of the syringe. Plastic tips
are flexible and can be easily bent to facilitate
access to the root canal. According to the manu-
facturers, the tip of the syringe should be
inserted into the canal at the level of the middle-
apical third [50]. The small amount (approxi-
mately 1-2 reference markings, depending on
the size of the prepared root canal) of the mate-
rial should be gently and smoothly injected into
the root canal by compressing the plunger of the
syringe. Using a small hand file (size #15 or
#20) or gutta-percha point, root canal walls are
lightly coated with the sealer. After each appli-

cation, the plastic tip should be removed from
the syringe with a counterclockwise twist and
discarded. The outside of the syringe should be
cleaned, excess paste removed. and the syringe
cap tightly placed onto the syringe hub. After
use, the syringe should be placed into the foil
pouch and stored in a dry area at the room
temperature.

If the powder/liquid formulation of the
hydraulic calcium silicate-based sealer is used
(for example, BioRoot™ RCS), the sealer should
be mixed according to the manufacturer’s instruc-
tions and inserted into the root canal using pre-
fitted gutta-percha point [1]. However, the freshly
mixed material also can be delivered using small
plastic syringes and cannulas. After that material
is inserted into the back of the single-use syringe,
the plunger is reinserted into the syringe, and the
plastic cannula is adjusted (Fig. 7). The sealer is
injected into the root canal approximately 2 mm
shorter than the determined WL gently pressing
the plunger of the syringe and withdrawing the
cannula until the sealer was visible at the orifice
of the root canal. Such an adapted use of the
small syringes for freshly mixed sealer delivery
can be clinically appealing and ensure the better
sealer distribution in the root canal space.
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Fig. 7 Freshly mixed BioRoot™ RCS is placed into the syringe (a), the plunger reinserted (b) and flexible cannula-
capillary tip is adjusted (c)

5 Root Canal Obturation
Techniques

The flowable hydraulic calcium silicate—based
cements can be used with all root canal obtura-
tion techniques. Root canals can be obturated
using cold lateral compaction, warm vertical
compaction, or ‘“single-cone” techniques and
their modifications [4, 19]. However, there is
solid evidence that all techniques can be equally
effective for root canal obturation if they are
used following indications and recommenda-
tions [4, 6, 17].

5.1 Cold Lateral Compaction

Cold lateral condensation/compaction of gutta-
percha is the most popular obturation method
used throughout the world for many decades [1,
50, 51]. Root canal obturation procedure using
hydraulic calcium silicate—based sealers in con-
junction with gutta-percha points is not differ-
ent from that when conventional sealers are
used [4, 25].

After root canal preparation, the paper points
corresponding to the last instrument used to
shape the canal are selected and gently inserted
into the root canal to the full working length to
dry it. It should be mentioned that it is critically
important to not overdry root canals when
hydraulic calcium silicate cements are used for
obturation, as some moisture is needed for the
setting of these materials [13, 49, 52]. The root
canal is dry enough but not overdried if the
3—4 mm of the tip of the paper point are wet after
point removal. It indicates that there is some

moisture which will be sufficient to initiate the
hydration of the hydraulic calcium silicate—based
sealer and setting [49, 53]. When the root canal is
ready for obturation, the master gutta-percha
point is selected (Fig. 8a). It should match the last
instrument used to shape the canal in size/diam-
eter and taper [54, 55]. The cone’s resistance to
displacement or “tug back” indicates its suitabil-
ity. When proper gutta-percha point is selected,
the periapical radiograph should be taken, to con-
firm the correct placement of the cone.
Subsequently, the sealer is applied to the root
canal walls and space using the preferred deliv-
ery method. The tip of the master gutta-percha
point is covered with a small amount of the sealer
and slowly inserted into the root canal to the final
working length. The selected pre-fitted spreader
is used for gutta-percha compaction. Preferably,
it should be inserted along with master gutta-
percha point to within 1-2 mm from working
length [51] (Fig. 8b). However, in the curved root
canals, the penetration depth of the spreader to
within 3-4 mm from the working length is
acceptable [1, 44]. Meanwhile, it has been shown
that there is a direct correlation between the
spreader penetration depth and the quality of the
root canal obturation when conventional sealers
were used for root canal filling [56, 57].
Appropriate accessory points are also selected to
match the size of the spreader.

It has been recommended to use NiTi spread-
ers instead of stainless steel, especially in the
curved root canal, as they provide increased flex-
ibility, reduce stress, and can be inserted deeper
into the root canals [58, 59]. It should be men-
tioned that spreader penetration depth will be sig-
nificantly lower if the larger taper master
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Fig. 8 (a—d) The clinical steps of lateral compaction technique using master and accessory gutta-percha points and
finger spreader

gutta-percha point will be used for obturation
[24, 60]. After placement, the spreader is removed
by constant counterclockwise rotation as it is
withdrawn. The accessory point is inserted in the
space made by the spreader (Fig. 8c), and the
procedure is repeated until the spreader is no lon-
ger going than 3—4 mm below the root canal ori-
fice (Fig. 8d). It should be mentioned that due to
the increased flowability of sealer, the space for
the accessory point, created by spreader, can
spontaneously be filled by the flowable sealer. It
can complicate the filling procedure because the
clinician is not able to see where the auxiliary
point should be inserted. To avoid this clinical
inconvenience, the appropriate amount of the
sealer should be used. Additionally, the excess of
the material can be removed by a wet cotton pel-
let. The excess gutta-percha is removed using the
hot instrument, and the gentle vertical condensa-
tion with the plugger is recommended to com-
plete obturation procedure. If wide root canals
are being obturated, the big amount of the

accessory points can fill the access cavity,
decreasing visibility and control. To facilitate
obturation procedure and control, the excess
gutta-percha can be removed and the lateral com-
paction can be continued to ensure optimal con-
densation and homogeneity of the filling [61].
When obturation is completed, the quality of
obturation should be confirmed by radiograph,
and the temporary or permanent restoration
should be placed.

5.2 Warm Vertical Condensation
and Its Modifications

It has been reported that the hydraulic calcium
silicate—based sealers are not suitable for use
with warm gutta-percha obturation techniques, as
the heat negatively affects the physical properties
of the sealers [31, 32, 62]. However, as it was be
mentioned previously in this chapter, just water-
based hydraulic calcium silicate—based sealers,
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such as BioRoot™ RCS, are sensitive to the heat
and should be used with cold obturation tech-
niques [52, 63]. Meanwhile, all premixed materi-
als can be used with all cold and thermoplastic
obturation techniques at the higher temperatures
can be used with no restrictions [14, 29, 31].
Therefore, the clinicians have plenty of choices
how to apply and use the new hydraulic calcium
silicate—based sealers with thermoplastic obtura-
tion techniques.

After the canal was dried with the paper point,
the master gutta-percha point is selected (Fig. 9).
Preferably, it should be 0.5-2 mm shorter of the
correct working length with resistance to dis-
placement or “tug back.” If the point is too loose,
it can be adjusted by removing the tip in 0.5 mm
increments with sterile scalpel or scissors.
Afterwards, the largest heat plugger that will go
to within 5 mm of the working length without
binding but no closer than 3 mm should be
selected and confirmed working length should be
set using a rubber stopper. The sealer should be
delivered into the canal using a preferable tech-
nique described above. The apical third of the
master gutta-percha point is covered with a
sealer, gently placed into the canal, and the coro-
nal portion is removed with a hot instrument,
while the remaining gutta-percha will be soft-
ened. The cold plugger is used to condense the
softened gutta-percha and force the plasticized
material apically. The procedure is repeated until
the apical third of the canal has been obturated.
The middle and coronal root canal thirds are
backfilled, using small pieces of gutta-percha,
preferably previously introduced BC gutta-
percha pellets, applying heat, and condensing the
softened gutta-percha with a plugger. When root
canal obturation is completed, the periapical
X-ray should be taken, to confirm the quality of
obturation.

The recent and the most popular modification
of the “classic” warm vertical compaction is the
continuous wave compaction technique. The
technique uses special dual wired or cordless
devices combining both down-pack handpiece
heat carrier and backfill handpieces using special
gutta-percha cartridges (Fig. 10a). The GP cone
is measured with the appropriate tip size and

taper and 0.5-2 mm shorter of the WL, while the
heat plugger is pre-fitted to fit approximately
5 mm from the WL (Fig. 11). The premixed or
freshly prepared hydraulic calcium silicate—
based sealer is delivered into the root canal, and
master gutta-percha point is inserted. Activated
heat plugger is used to remove coronal excess of
gutta-percha. Material compaction in the canal
orifice and coronal part is initiated with a cold
plugger. Subsequently, the firm pressure to the
plugger is applied, the heat is activated, and
plugger is rapidly moved apically into the root
canal to within 5 mm of the working length.
Then the heat is deactivated and continued apical
pressure for approximately 5-10 s is applied.
When the gutta-percha has cooled, the heat is
activated for a 1 s to separate filling material and
plugger and it is withdrawn. Selected small hand
plugger is used for gentle compaction the
remaining gutta-percha apically. At this point,
apical obturation should be confirmed radio-
graphically. The backfill procedure is performed
by using a backfill handpiece and thermoplastic
injection technique. The heated applicator nee-
dle is inserted into the canal, allowing the tip to
heat the apical plug of gutta-percha for approxi-
mately 2-5 s. The handpiece is activated, and
softened gutta-percha is extruded into the root
canal.

In small and narrow canals, the gutta-percha
can be delivered and obturation completed in one
step. However, in larger canals, it is recom-
mended to deliver the warm gutta-percha in
3-5 mm increments coronally until the canal ori-
fice will be reached. The larger stainless steel
hand plugger is used to compact extruded gutta-
percha reducing the shrinkage that may occur
during cooling. Depending on the size of the root
canal, it can be obturated in 1-3 steps until the
canal is completely filled. Moreover, for the
backfill procedure, the special backfill guns, suit-
able with gutta-percha pellets instead special car-
tridges, can be used (Fig. 10b). Softened
gutta-percha is injecting in the small increments
and condensing the material as described below.
The use of the BC gutta-percha pellets in con-
junction with bioceramic sealers can be advanta-
geous in comparison to regular gutta-percha
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Fig. 9 The “classic” warm vertical compaction tech-
nique. A master gutta-percha point is selected and fit 0.5—
2.0 mm short of the working length (a). Heat is applied,
and coronal part of master gutta-percha point is removed
using plugger (b). The cold plugger is used to compact the
softened gutta-percha apically (c¢). Down-pack or apical
compaction is completed (d). A gutta-percha pellet is

placed in the canal, and heat is applied (e). The heated
pellet is condensed apically with a cold plugger (f). The
procedure is repeated in the middle and coronal thirds of
the canal by delivering and heating pellets of gutta-percha
(g). A cold plugger is used to compact the softened gutta-
percha (h). Completely obturated root canal (i)
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Fig. 10 Devices for continuous wave compaction technique: wired Elements™ Obturation Unit for down-pack and
backfill (a) and cordless backfill gun-handpiece for use with gutta-percha pellets (b)

Fig. 11 The main clinical steps of the continuous wave  plugger and vertical compaction (b); backfill using motor-
compaction technique using Elements™ Obturation Unit:  ized extruder (c)
pre-fitting of the Buchanan Plugger (a); activation of the
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backfills, as it should ensure more uniform root
canal filling [64]. However, there is no solid sci-
entific evidence to confirm this hypothesis [4,
65]. The quality of obturation should be verified
by X-ray, endodontic access cleaned and isolated
with a temporary or permanent filling material.

It should be mentioned that due to the unique
properties of the highly flowable and dimension-
ally stable hydraulic calcium silicate—based seal-
ers, the down-pack procedure became easier and
should not be performed so precisely in compari-
son to cases, when conventional sealers are used.
Conventional sealers shrink over the time, so pre-
cise condensation of the gutta-percha seeking to
pull the sealer of root canal walls and replace it
with heat softened GP was necessary, thereby thin-
ning the sealer layer as much as possible. However,
the hydraulic calcium silicate—based sealers are
dimensionally stable and flows into all root canal
irregularities, isthmuses, and dentinal tubules [11,
29, 49]. Therefore, the thickness of the sealer layer
is not important to ensure the high-quality obtura-
tion, even if the minimal condensation to softened
gutta-percha is applied [31, 64—66].

5.3 Single-Cone Obturation

The unique properties of the flowable hydraulic
calcium silicate—based sealers have led to the

b

introduction in clinical practice of simplified
root canal filling technique known as a “single
cone” obturation technique [12, 15]. The con-
cept basically relies on the use the flowable
hydraulic tricalcium silicate sealer—filler and
single gutta-percha point, corresponding the size
and the taper of the last instrument, used for the
root canal preparation [4, 31]. The preliminary
clinical results of using this simplified obtura-
tion technique in conjunction with hydraulic
sealers have shown that it is equally effective as
lateral compaction or thermoplastic obturation
[12, 14, 17].

The use of cold hydraulic obturation tech-
nique with hydraulic calcium silicate—based
sealers is not complicated and is clinically
appealing [8, 15]. After the root canal cleaning
and shaping is completed, the root canal is dried,
and the master gutta-percha point is selected as
described previously (Fig. 12a). It is very impor-
tant to remember that root canals should not be
overdried as the residual moisture is needed for
setting of the hydraulic calcium silicate—based
sealers [24, 25]. It is recommended to use a
gutta-percha point of the same size and taper as
the last endodontic instrument, used for root
canal enlargement [4, 6, 67]. The sealers/fillers
should be prepared according to the manufac-
turer’s instructions and delivered to the root
canal using all the conventional methods. Due to

Fig. 12 (a-e) Main clinical steps of the single-cone obturation technique, using flowable hydraulic calcium silicate—

based sealer BioRoot™ RCS and a single gutta-percha point
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the high flowability of the hydraulic calcium sili-
cate materials, the injectable delivery method
can be superior because a larger amount of sealer
is delivered and it is better distributed in the root
canal [4, 6, 68] (Fig. 12b). If premixed sealers in
syringes are used, no mixing preparation is
required. When the sealer has been placed, the
tip of the pre-fitted gutta-percha point is covered
with the sealer (Fig. 12c), and the point is
inserted into the root canal by the full WL
(Fig. 12d, e).

The gutta-percha must be inserted very slowly
as its rapid movement increases the possibility of
the sealer being extruded into periapical tissues
and the formation of the voids in the sealer/filler
mass [4, 6, 69]. The master gutta-percha point
generates hydraulic pressure in the root canal,
resulting in a better distribution of the sealer in
the root canal space, irregularities, and isthmuses

as well as facilitating material penetration into
dentinal tubules [13, 31, 69]. In addition, the
gutta-percha point enables to retreat the root
canals filled with this technique, if the failure
occurs. The master gutta-percha point should be
removed by a hot instrument at the level of the
root canal orifices and endo access should be
cleaned with a wet cotton pellet. If the root canal
is very wide, accessory gutta-percha points can
be added passively along with master gutta-
percha point without any condensation. However,
it is not necessary as the hydraulic tricalcium sili-
cate—based sealers are used as biological fillers
which do not shrink, and it is not necessary to
minimize the amount of the sealer inside the root
canal [8, 17].

The single-cone obturation technique is very
simple, does not require a long learning curve,
and is easily managed by clinicians. The prelimi-

Fig. 13 The cross-sectional images of micro-CT scans of
the root canals, obturated with BioRoot™ RCS and single
GP point by general practitioner (a), endodontist (b),

postgraduate endodontology student (c), and fourth-year
dental student (d) (unpublished data)
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nary microcomputer tomographic evaluation
revealed that the quality of root canal obturation
using a single gutta-percha point and hydraulic
tricalcium silicate—based sealer BioRoot™ RCS
was the same regardless of who performed the
root canal filling: general practitioner, endodon-
tist, postgraduate endodontology student, or
fourth-year dental student (Fig. 13). This clearly
demonstrates that the quality of the root canal
obturation using this simplified technique is not
depending on the clinical experience and manual
skills of the operator.

The cold lateral compaction or warm vertical
compaction techniques are much more compli-
cated to apply clinically, are quite expensive, and
time consuming [15, 51]. It has been shown that
apical third of the curved canals often is filled
just with a master gutta-percha point because it
is complicated and unrealistic to insert spreader
and accessory gutta-percha points at the desir-

able length in the curved roots [70, 71]. Although
there is a lack of long-term clinical trials, con-
firming the clinical performance of cold hydrau-
lic obturation technique, it has already been
reported that the clinical success rate of the cold
hydraulic obturation method using a single
gutta-percha point and a flowable bioceramic
sealer based on tricalcium silicate reaches 90.9%
[15,72]. Recently, it has been shown that retreat-
ability of the cases, when hydraulic calcium sili-
cate sealers in conjunction with the single
gutta-percha cone technique were used is not
more complicated or challenging in comparison
to other obturation materials and techniques [30,
73, 74]. The simplified root canal obturation
technique, when used with the stable, biocom-
patible, and bioactive sealers-fillers, seems
promising and clinically appealing technique
even in a difficult cases of endodontic retreat-
ment (Fig. 14).

Fig. 14 Apical periodontitis of 46 (a—c) and 36 (d-f)
teeth with extensive periapical lesions (a, d). Endodontic
retreatment performed using conventional cleaning and
shaping protocol and 1-week calcium hydroxide therapy.
Root canals were obturated with BioRoot™ RCS sealer

(b) and TotalFill BC sealer (e) in conjunction with a big
taper single gutta-percha point. Noticeable healing of the
periapical tissues 8§ months after endodontic retreatment

(c, 1)
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Fig. 14 (continued)

6 Conclusions

Majority of modern commercially available
flowable hydraulic calcium silicate materials
have particularly the same chemical composi-
tion and possess mainly the same physical,
biological, and handling characteristic.
Nowadays, hydraulic calcium silicate sealers
are widely researched and the clinical effec-
tiveness of the single-cone obturation tech-
nique when these materials are used is
confirmed. However, the decision for the clini-
cian to change materials and techniques is very
complicated and not an easy task in everyday
clinical practice. The solid scientific back-
ground indicates that the biocompatible, bioac-
tive, and antibacterial hydraulic calcium
silicate materials that slightly expand upon set-
ting and remain dimensionally stable in con-
junction with the simplified single-cone
obturation can provide much better results than
lateral condensation and can replace it as the
most efficient endodontic sealing method.
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