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Abstract: All obturation techniques require a certain amount of root canal
sealers in order to fill small irregularities along the canal wall. Epoxy resin-
based sealers have been the gold standard to date. A more recent development
is represented by calcium silicate-based sealers (CSS), which derive from cal-
cium silicate-based cements (MTA). CSS are proven to be biocompatible and
bioactive. A hydroxyapatite-like precipitate forms on the surface of CSS when
they come in contact with tissue fluid so that these sealers are not recognized
as foreign bodies, even in cases of sealer extrusion. After their setting, CSS re-
lease OH- and Ca?* ions over a longer period of time through which they po-
tentially exhibit certain antibacterial effects and support the healing of peri-
apical inflammation. For this reason, consideration has been given to the idea
of filling root canals mainly with CSS and minimizing the proportion of gutta-
percha. To date, however, no long-term clinical studies have been performed
to confirm the advantages of this new concept.

Although gutta-percha has been successfully used for root canal obturation for
a very long time, there are different perspectives with regard to which root
canal filling technique is better: cold or warm (thermoplastic) obturation.
After the exposure of sufficiently filled root canals with saliva, microorganisms
always infiltrate into the root canal system regardless of the obturation
method. Until now, no known obturation method leads to a bacteria-proof
sealing of the root canal. Thus, in terms of clinical success rates, no superiority
of the frequently recommended thermoplastic root canal filling technique
compared with cold lateral compaction could be demonstrated.

As a rule, CSS are not approved for thermoplastic obturation, as these sealers
are water-based; there is the concern that high temperatures of up to 200 °C
will remove too much water from the sealer, which can have a negative im-

pact on its properties. It is questionable whether such high temperatures are
clinically achieved during thermoplastic obturation.

A disadvantage of CSS is their higher solubility compared to epoxy resin seal-
ers. In the long term, this can lead to the dissolution of the root canal filling.
In the studies that have been performed to date, however, no difference in the
clinical success rates between epoxy resin sealers and CSS has been deter-
mined. Overall, CSS represent an interesting alternative to conventional root
canal sealers. In principle, the success of a root canal treatment depends not
only on the obturation technique, but above all, on the complete removal of
the infected tissue, the permanent disinfection of the root canal system and
the bacteria-proof post-endodontic restoration.
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1. Introduction

Epoxy resin-based sealers such as AH
Plus (Dentsply Sirona, Konstanz, Ger-
many) have become the standard
material for root canal obturation in
case of both cold and warm obtu-
ration methods. Currently, they are
considered to be the “gold standard”
among root canal sealers [26]. How-
ever, these sealers have a major dis-
advantage: they are not bioactive
[21]. Moreover, epoxy resin-based
sealers show a certain toxicity during
setting, but after curing, prove to be
virtually insoluble and non-cytotoxic
[29, 30]. Thus, extrusion of epoxy
sealers does not normally cause
harmful reactions of the periapical
tissue, except in cases where the seal-
er is displaced into the mandibular
nerve canal, where this root canal
filling paste — like all other sealers —
has a neurotoxic effect [24].

The latest development in the
field of sealers is calcium silicate-
based root canal filling pastes. The
goal is to make use of the known
positive properties, particularly bio-
compatibility and bioactivity, of cal-
cium silicate-based cements such as
Mineral Trioxide Aggregate (MTA;
e.g. ProRoot MTA, Dentsply Sirona,
Ballaigues, Switzerland; MTA-An-
gelus, Angelus, Londrina, Brazil) or
Biodentine (Septodont, Saint-Maur-
des-Fossés, France) for conventional
orthograde root canal fillings. The
main components are di- and/or tri-
calcium silicates, which is why these
root canal filling pastes are also re-
ferred to as “calcium silicate-based
sealers” (CSS) [14] (Fig. 1 and 2).
Often, the term “bioceramic” is used
incorrectly in context with these cal-
cium silicate-based sealers [50]. More
specifically, these sealers can be con-
sidered “hydraulic” because they set
in contact with both air and water
[S]. CSS even require water to set
completely. In contrast to conven-
tional sealers, calcium silicate-based
sealers do not require that the root
canal lumen is as dry as possible in
order to ensure optimal setting con-
ditions. The setting properties of CSS
are not affected by the presence of
residual moisture in the root canal
[16].

Calcium hydroxide is formed dur-
ing the setting of CSS, which is

“ ¢

Figure 1 Calcium silicate-based sealers (CSS) can be divided into 2 dosage forms: pre-
mixed, one-component ready-to-use CSS in syringes and two-component CSS made of
powder and water or 2 pastes, which need to be mixed before use. An example of a
one-component MTA-based sealer containing calcium silicate (EndoSeal MTA; Maruchi,
Woniju, Korea) for direct application into the root canal.

known to trigger biological healing
processes [10, 49]. CSS are therefore
bioactive. In contact with simulated
body fluid, the formation of a hy-
droxyapatite-like surface has also
been reported for CSS [36, 45]. Since
this layer does not cause a foreign
body reaction, CSS can be considered
biocompatible, even when they are
extruded at the apex or when they
come in contact with periapical tis-
sues.

In comparison to other root canal
sealers, CSS are thus biocompatible
and bioactive [29, 30] (Fig. 3 and 4).
In terms of biocompatibility and
bioactivity, CSS are clearly superior to
other sealers, which can be advan-
tageous for the treatment outcome
[16]. For this reason, consideration
has been given to deviate from the
previous treatment concept of “as
much gutta-percha and as little sealer
as possible”, and instead, to fill root
canals mainly (but not exclusively)
with CSS. Gutta-percha should only
be introduced into the root canal
using the single cone technique - re-
gardless of the fit — in order to make
the most of the biological effects of
CSS. However, long-term clinical
studies are not yet available to con-
firm the advantages of this new con-
cept.

The aim of this review article is to
elucidate the new CSS within the
framework of the various root canal
filling techniques that employ gutta-
percha such as the single cone, lateral
compaction and thermoplastic obtu-
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ration as well as to present the cur-
rent state of research.

2. Gutta-percha

Gutta-percha has been successfully
used for root canal obturation for well
over 120 years. The material is vir-
tually insoluble, inert, biocompatible,
has a weak antibacterial effect due to
its zinc oxide content, can be cold
and warm processed, condensable
and dimensionally stable. Although
gutta-percha is not perfect for obtu-
ration, it is still the material of choice
for most root canal fillings [11]. How-
ever, it is still controversially dis-
cussed as to which root canal filling
technique is preferable, particularly
with regard to cold versus warm
(thermoplastic) obturation  with
gutta-percha [27]. There is general
agreement that all obturation tech-
niques require a certain amount of
root canal sealer in order to fill small
irregularities along the root canal
wall, or more specifically, the lateral
or accessory canals and the exposed
dentinal tubules, so as to ensure a
better adaptation of the gutta-percha
to the canal walls. Also, a tight seal
between gutta-percha and canal walls
is pursued [27]. In performing this,
the amount of sealer should be as low
as possible. Many commercially avail-
able root canal sealers can be used as
long as they are (virtually) insoluble,
biocompatible (or at least well toler-
ated by the tissue) in addition to
being non-resorbable and non-
shrinking during setting [11].



DAMMASCHKE:

Calcium silicate-based sealers: The end of thermoplastic obturation?

73

Figure 2 Example of a two-component calcium silicate-based sealer consisting of
powder and water (BioRoot RCS; Septodont, Saint-Maur-des-Fossés, France). For
powder and water-based sealers, the consistency can be adjusted to match the clinical
situation.

3. Cold obturation
technique

3.1 Single cone technique

A distinction is made between the
single-cone and lateral compaction
techniques when performing cold
root canal fillings. The goal of the
single-cone technique is to insert a
precisely fitting gutta-percha cone in
combination with a sealer into the
root canal in such a way that the en-
tire canal is densely filled. The areas
of the root canal where the gutta-
percha cone is not marginally adapt-
ed should be filled by the sealer [11,
39]. The principal disadvantage of
the single-cone technique is that the
proportion of sealer in the root canal
filling is comparatively high for all

root canals which do not exactly
match the conical shape of the gutta-
percha cone after root canal prepara-
tion. Due to the possible shrinkage of
some root canal sealers during the
setting reaction, a maximum possible
proportion of gutta-percha is con-
sidered an important factor for suc-
cessful root canal treatment [32, 48].
Higher proportions of sealer can lead
to leakage and bacterial infiltration
[6], and thus, impair the success of
root canal treatment [4, 15]. This is
especially a problem in root canals
with an oval root canal shape where
a circular preparation cannot be at-
tained [11, 39]. Root canals which
have been prepared using manual
preparation techniques are also not
suitable for the single-cone technique

because the shape of the prepared
root canal and the gutta-percha cone
differ too greatly. Thus, a require-
ment when using the single-cone
technique is the uniform and conical
root canal preparation with rotary
nickel-titanium instruments; the
cone should correspond to the shape
of the last instrument used for root
canal preparation as closely as pos-
sible. This reduces the amount of
sealer required. Furthermore, another
disadvantage of the single-cone tech-
nique is that no compaction of the
filling material takes place and irregu-
larities in the canal wall and side ca-
nals may not be adequately filled
[39]. This means that it is possible for
irregular root canal sections or root
canal areas, which cannot be reached
by mechanical instrumentation, to
remain unfilled. Also, air inclusions
can arise in the sealer.

3.2 Lateral Compaction

In order to densely and completely
fill oval or manually prepared root
canals with as much gutta-percha
and as little sealer as possible, the
goal of lateral compaction is to apply
smaller accessory gutta-percha cones
into the root canal in addition to the
master cone. For this purpose, the
cold gutta-percha cone which is al-
ready in the root canal is laterally
pressed with a finger spreader and
compacted into the root canal cross-
section to create space for more
gutta-percha cones. However, one
complication of lateral compaction
can be vertical root fractures which
are caused by the force applied with
the finger spreader. Whether lateral
compaction is actually associated
with an increased risk of longitudinal
fractures when the force is appropri-
ately applied, has not yet been con-
clusively elucidated. The application
of too much force should neverthe-
less be avoided [27]. Conversely, it is
questionable if sufficient sealer is
pressed into all areas of the root canal
when too little force is applied.

4. Warm (thermoplastic)
obturation techniques

Due to the disadvantages of cold

root canal filling techniques, warm

thermoplastic obturation techniques

were recommended to increase the
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amount of gutta-percha in the fill-
ing. Ideally, using this technique,
the entire root canal system, includ-
ing the accessory canals and apical
ramifications, can be filled with
gutta-percha instead of just sealer.
Since the root canal filling is per-
formed under pressure, the heated
and thus liquefied gutta-percha is
pressed into the side canals in a
more or less controlled manner [22,
40]. It is easier, faster and safer to fill
wide lumen or irregularly-shaped
root canal systems using thermo-
plastic root canal filling techniques.
Even for complex root canal anat-
omies (e.g. deep branching of root
canals) or root canals with a very
irregular cross-section (e.g. c-shaped
canals; internal granuloma), thermo-
plastic obturation seems to have a
clear advantage [27].

When using the “Continuous
Wave Technique” according to Buch-
anan, a temperature of 200 °C is gen-
erally recommended when heating
the gutta-percha cone. The applied
sealer should therefore be compat-
ible with the thermoplastic obtu-
ration and remain stable at the tem-
perature interval used, as this can
otherwise lead to chemical deterio-
ration or more serious changes in the
material’s properties. Conceivable
consequences are the clumping to-
gether of the sealer or premature or
absent setting [27]. In literature,
there is controversy regarding which
sealer groups are compatible with
thermoplastic obturation techniques.
For example, it was recommended
that sealers containing epoxy resin
should only be subjected to a maxi-
mum temperature of 100 °C. Other-
wise, chemical changes can occur. In
contrast, CSS continue to be chemi-
cally stable up to 125 °C even if they
are not approved by the manufac-
turers for warm filling techniques. In
comparison, sealers containing zinc
oxide eugenol are not thermostable
at all [3]. In another study, it was
also determined that epoxy resin-
based sealers are not compatible
with thermoplastic obturation tech-
niques - this is in contrast to calcium
hydroxide-based sealers [9]. On the
other hand, other authors could not
find any significant physical or
chemical changes in epoxy resin or

Live/dead staining (21d)

Figure 3 Human osteoblasts after direct contact with an eluate of BioRoot RCS and
after up to 21 days in vitro. In the BioRoot RCS group, all osteoblasts survived contact
with a 1:2 dilution of the extract and significant cell proliferation was observed. This
speaks for the biocompatibility and bioactivity of CSS (Richardson staining and live
(green)/dead (red) staining; magnification x 100) [30].

Live/dead staining (21d)

Figure 4 In the AH Plus group (Dentsply Sirona, Konstanz, Germany), almost all human
osteoblasts died in the first days after addition of the sealer extract in a 1:10 dilution. In
the Richardson stain and the life/death stain, only a few cells were visible after 14 and
21 days, respectively. In contact with AH Plus, the morphology of the osteoblasts was
altered; they are enlarged due to a longer incubation time (days 14 and 21; magnifi-

cation x 100) [30].

zinc oxide-eugenol-based sealers

through heat treatment [18].

5. Cold vs. warm obturation
techniques

Whether thermoplastic filling tech-
niques do indeed lead to improved
success rates in comparison to the
single-cone or lateral compaction
techniques is controversially dis-
cussed in literature. One study re-
ported a 10 % higher thermoplastic
obturation success rate in cases of
apical periodontitis in comparison to
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(cold) lateral compaction [20], al-
though not many studies substanti-
ate this finding, and instead, they
show that there is no difference [11].
According to a meta-analysis, cold
lateral compaction and thermoplastic
root canal filling techniques can be
considered equivalent in terms of
success rates [35]. Ten clinical studies,
9 of which were randomized, were
included in this meta-analysis, where
1748 previously untreated teeth
were either obturated using cold lat-
eral compaction or thermoplastically



DAMMASCHKE:

Calcium silicate-based sealers: The end of thermoplastic obturation?

75

35
3
1.5
2 e
— «BioRkoot RCS
i—______ 1-"_'_'_'_'_ _,_,_,-—"" i
L = MTA Fillapex
15 — AH Pl
o . us
1 = S
05
o
l4d 1mo 1 ma 4 mao &mo

Figure 5 Solubility of BioRoot RCS, MTA Fillapex (Angelus, Londrina, Brazil) and AH
Plus in phosphate-buffered saline (PBS) to simulate body fluid The solubility of CSS Bio-
Root RCS and MTA Fillapex was significantly increased compared to AH Plus. However,
the solubility of BioRoot RCS did meet the ISO 6876:2012 requirements of less than

3 % over a 6-month period [45].
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Figure 6 pH values of BioRoot RCS, MTA Fillapex and AH Plus in phosphate buffered
saline (PBS) to simulate body fluid. BioRoot RCS maintains a basic pH in phosphate buf-
fered saline for up to 4 months in vitro. This can be explained by the release of OH-ions
from the sealer (control = PBS without sealer) [45].

using warm gutta-percha. An evalu-
ation was performed over a period of
1-5 years. While both methods — cold
lateral compaction and thermoplas-
tic obturation — showed statistically
similar levels of postoperative com-
plaints, long-term results and filling
quality, thermoplastic obturation fre-
quently resulted in significantly more
extrusion of the root canal filling ma-
terial [35].

6. Bacteria-proof root canal
fillings

In principle, microleakage compro-

mises the result and success of every

root canal treatment [6]. Thus, a root

canal filling that is as bacteria-proof

as possible is desirable. Yet, no root
canal filling technique, neither warm
nor cold, has so far been able to
achieve a reliable bacteria-proof ob-
turation of the root canal system [31,
41]. After appropriately filled root
canals are exposed to saliva, micro-
organisms penetrate into the root
canal system. Within a period of
3-60 days, an exposed root canal fill-
ing made of gutta-percha and sealer,
which is exposed to the oral environ-
ment, exhibits microbial leakage
along the root canal filling regardless
of the obturation method [31, 41].
Not only bacteria, but also endo-
toxins are able to penetrate into root
canal fillings and produce an inflam-

mation of the periapical tissue. En-
dotoxins are part of the outer cell
membrane of Gram-negative bacteria
and are released when these bacteria
decompose. Endotoxins may pene-
trate the root canal filling material
faster than bacteria and may trigger
an apical inflammatory response [1].
Based on numerous evidence-based
studies available to date, it can thus
be concluded that the seal of the
post-endodontic coronal restoration
is just as important for the success of
a root canal therapy as the actual
root canal filling itself. There is no
significant difference between the
two factors with regard to the healing
chance after root canal treatment
[23]. Coronal leakage is considered
one of the main causes endodontic
treatment failure [1]. Leakage of the
coronal restoration is therefore the
most likely explanation for the recur-
rence of apical periodontitis [37] and
not the type of root canal filling tech-
nique applied and how high the pro-
portion of sealer is.

7. Solubility of calcium
silicate based sealers
When weighing the advantages and
disadvantages of the various root
canal filling techniques that have
been presented above, and the idea
of deviating from the postulate of “as
much gutta-percha and as little sealer
as possible” in the case of CSS, an as-
pect requiring closer examination
emerges: although sealers containing
epoxy resin are considered nearly in-
soluble, the solubility of CSS is sig-
nificantly higher than that of AH
Plus for example [36, 45]. This can
negatively affect the treatment con-
cept “as much sealer and as little
gutta-percha as possible”.

According to the ISO 6876:2012
standard, the decrease in sealer
weight should be less than 3 % dur-
ing the initial 24 hours after storage
in double-distilled water [28]. Higher
solubility has been reported in some
studies performed on CSS BioRoot
RCS and iRoot SP. Conversely, other
publications on iRoot SP, BioRoot
RCS, Endoseal MTA and Endo C.P.M.
sealer confirm a solubility of less
than 3 %. Overall, the data found in
literature that relates to this topic has
been inconsistent so far [16].
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The solubility is in large part de-
pendent on the storage medium. In
double-distilled water (as specified in
ISO 6876:2012 [28]), the solubility of
CSS is significantly higher than in
simulated body fluid (phosphate-buf-
fered saline, or PBS) [36, 45]. A long-
term study showed that the solubility
of a CSS (BioRoot RCS) also met the
requirements of ISO 6876:2012 over a
period of 6 months when stored in
PBS [45] (Fig. 5).

Owing to its solubility, the vol-
ume of the CSS decreases within
7 days after being stored in distilled
water and PBS. However, no signifi-
cant difference in void formation was
observed between CSS and AH Plus
during the storage period [44]. All
sealers have voids after root canal fill-
ing regardless of the type of sealer
used [34]. Although TotalFill BC-
Sealer (FKG Dentaire, La Chaux-
de-Fonds, Switzerland) has a higher
solubility than AH Plus, this CSS
showed volumetric stability when
evaluated by micro-computer to-
mography (micro-CT) [43].

In principle, however, the solubil-
ity of CSS seems to be associated with
a positive biological result due to the
release of ions from the sealer [50].
The solubility of the sealers is there-
fore a double-edged sword. This is
because, on the one hand, sealers
should be as insoluble as possible in
order to tightly seal the root canal for
years. On the other hand, it is known
that in order to attain bioactive and
biocompatible effects, ions from the
sealers must dissolve in the surround-
ing tissue. It is recognized that even
in conditions that simulate body
fluids in vitro, CSS have high levels
of Ca2* and OH- ion release. But, also
silicon ions are released [7, 10, 49].
All of these ions are known to con-
tribute to the healing of apical
lesions.

The release of OH- ions also leads
to a basic pH value in vitro for a peri-
od of up to 4 months [45] (Fig. 6).
This may explain the proven anti-
microbial effects of CSS [33, 47, 51].
For example, Endosequence BC-Seal-
er and BioRoot RCS are effective
against E. faecalis, both directly after
application and in the set state [8,
33]. CSS are also active against many
other microorganisms in the root

Figure 7 Radiograph after root canal filling with gutta-percha and BioRoot RCS on

tooth 16 (cold, lateral compaction).

Figure 8 Radiograph showing apical healing at the mesial root 6 months after root
canal treatment on tooth 16.

canal [16]. The antibacterial effect is
enhanced through their contact with
dentin [8, 47].

With respect to the apical sealing
capacity of CSS, the data found in lit-
erature has been contradictory so far.
Compared to conventional sealers,
the new CSS have been certified to
have a comparable or even better api-
cal sealing capacity. Conversely, other
studies found significantly increased
apical microleakage [16]. During the
setting process, CSS interact with the
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surface of root canal wall dentin
and this process can continue for
months. To what extent this reduces
the solubility of a CSS over time and
lead to an improvement in the seal-
ing of the root canal can be specu-
lated [42]. Yet, a matter of concern is
that, due to a possible dissolution
process of the CSS, especially in the
apical third, a recolonization with
microorganisms can occur and this
can subsequently contribute to a re-
infection of the root canal system.

(Fig. 1-8: T. Dammaschke)
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The voids that are formed in the api-
cal region when sealer dissolution oc-
curs can lead to a recolonization by
microorganisms. In principle, this
can happen in 3 ways: 1. penetration
of microorganisms from coronal re-
gions, 2. persistence of microorgan-
isms in the apical region (biofilm in
the root canal), 3. reinfection with,
for example, biofilm outside of the
canal or infected soft tissue.

8. Calcium silicate-based
sealer und thermoplastic
obturation

In order to avoid the issue of CSS

solubility and keep the proportion of

sealer as low as possible, one could be
inclined to employ thermoplastic ob-
turation methods. However, most

CSS have not yet been approved by

manufacturers for warm root canal

filling techniques because CSS
require moisture for setting and
thermoplastic obturation could re-
move too much moisture from them.

This could compromise the material‘s

properties [9, 27].

After heating BioRoot RCS to over
100 °C, water loss and an irreversible
change in the chemical structure of
the material have been reported.
Moreover, reversible changes in the
chemical structure of iRoot SP after
heating above 125 °C have been de-
scribed [3]. In another study, the
chemical or physical properties of
iRoot SP were not affected by heat
treatment [12]. However, the type
and duration of heat application dif-
fered between the studies. But, pre-
cisely the type and duration of heat
application could influence the re-
sults of such in vitro studies [3, 18,
46]. The simulation of heat treatment
should reflect the clinical situation as
closely as possible in order to obtain
results with clinical relevance. Thus,
intracanalicular temperatures and
clinically relevant heating times
should be considered when investi-
gating the effect of thermal treatment
on sealers during thermoplastic ob-
turation [17].

In this respect, it is questionable
whether these high temperatures in
the range of 100-200 °C can be
achieved during thermoplastic obtu-
ration of the root canal. In a recently
published in vitro study, the highest

measured temperature using the
“Continuous Wave Technique” was
56 °C and this likely has little in-
fluence on the sealer [17]. In sum-
mary, information regarding the ef-
fect of clinically relevant tempera-
tures on CSS is limited.

Only one product, Sealer Endose-
quence BC Sealer HiFlow (Brasseler
USA, Savannah, USA), that is also
sold as Total Fill BC Sealer HiFlow
(FKG Dentaire) is recommended for
thermoplastic obturation of the root
canal. According to the manufac-
turer, this sealer should only be used
in combination with low melting
gutta-percha. In the only study to
date which heated BC Sealer HiFlow
accordingly, its chemical composi-
tion was not changed through ther-
mal treatment. Also, the flow rate,
film thickness and setting time were
not clinically affected [12].

9. Clinical studies on calcium

silicate-based sealers
Since their introduction onto the
market in 2007, CSS have been tested
numerous times in vitro and they
show positive results. This confers
them a promising perspective for fu-
ture clinical applications. Yet, there
have been relatively few clinical
studies on CSS [19]. In a randomized,
controlled trial using 114 teeth, no
significant difference in postoper-
ative pain was found between the
conventional AH Plus Sealer and the
CSS Total Fill BC Sealer. Root canal
fillings without sealer extrusion
rarely lead to postoperative pain. The
choice of sealer has no influence on
the likelihood of complaints [25]. A
further study obtained comparable
results. The results also showed that
there was no significant difference
between the AH Plus and iRoot SP
groups with regard to the incidence
of postoperative pain. However, pain-
killer medication was consumed sig-
nificantly more frequently after root
canal treatment when AH Plus Sealer
was used as compared to when iRoot
SP Sealer was used [2].

Root canal fillings using the
single-cone technique in com-
bination with Endosequence BC Seal-
er can achieve high success rates.
After a 30-month average follow-up
period, 90.9 % of root canal treat-

ments were evaluated as being suc-
cessful; 83.1 % of the cases were clas-
sified as healed and 7.8 % as healing.
In 47.4 % of cases, sealer extrusion
occurred, although this did not have
a significant effect on the success of
treatment [13]. In a direct compari-
son between the single-cone tech-
nique using CSS (BioRoot RCS) and
warm vertical compaction using an
epoxy-based sealer (AH Plus), no sig-
nificant difference in success rates
was observed after one year. Based on
CBCT imaging, success rates of 80 %
using AH Plus (warm vertical com-
paction) and 84 % for BioRoot
RCS (single-cone technique) were
determined. Periapical radiographs
showed success rates of 89 % (AH
Plus) and 90 % (BioRoot RCS). This
difference was not statistically signifi-
cant. In view of these results, the
authors see a clinically validated jus-
tification that advocates for the use
of the single-cone technique with
CSS, even though the study was non-
randomized [50].

10. Conclusion

Although there are insufficient
studies regarding their long-term
clinical success, CSS have become a
relevant alternative to epoxy-based
sealers. The validity of clinical studies
available to date should certainly be
viewed with caution due to their
short follow-up periods. However,
there is a clear tendency for root
canal treatment with CSS to be suc-
cessful [19] — even with the single-
cone technique and without thermo-
plastic obturation (Fig. 7 and 8).

In a micro-CT analysis, the obtu-
ration quality of two filling methods
was compared: the single-cone tech-
nique with the CSS EndoSequence
BC and thermoplastic obturation
with AH Plus sealer. No significant
difference in filling volume and voids
was observed. Using both filling
methods, a comparable root canal
filling quality could be achieved.
Neither one of the two methods in
combination with its respective sealer
was able to fill the root canal system
completely [38].

Due to their biocompatibility and
bioactivity, CSS in combination with
cold obturation methods represent
an alternative to thermoplastic obtu-
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ration methods. However, the ques-
tion of whether cold or warm obtu-
ration is the better technique when
CSS are used remains unanswered.

CSS will probably not lead to the
end of thermoplastic obturation
methods. However, according to cur-
rent data, it must be mentioned that
thermoplastic obturation methods
are not entirely necessary for success-
ful endodontic treatment.

In principle, it is worth consider-
ing that the success of root canal
treatment and the healing of inflam-
matory processes is not only associ-
ated to the obturation technique, but
also directly to the sufficient removal
of infected tissue, microorganisms
and their toxins along with the cor-
rect disinfection of the root canal sys-
tem, as well as a bacteria-proof resto-
ration of the endodontically treated
tooth.
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