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Introduction: This study compared bacterial percolation and sealer penetration of a novel obturation
technique with the ones of warm vertical condensation technique. Methods and Materials: A bacterial
percolation test was carried out with 80 single rooted human teeth divided into 5 groups; A (n=20):
warm vertical condensation and AH-Plus, B (#=20): CPoint with AH-Plus, C (n= 20): CPoint with
EndoSequence BC, +ve Control (1=10): teeth with no canal obturation, -ve Control (n=10): teeth with
no access cavity. The samples were inoculated with a multispecies bacterial incoulum. Bacterial
percolation was evaluated by turbidity. Confocal laser scanning microscopy (CLSM) was used to
observe the presence of gaps and voids. Further 48 extracted human mandibular single-canal premolars
were used to determine the sealer penetration. Slices of the samples were observed by CLSM to evaluate
tubules penetration of the sealer. Kaplan Meyer survival, ANOVA one way and Tuckey HSD test and
a Wilcoxon signed-rank test were utilised. Results: A Kaplan-Meier test showed no significant
difference overall (P>0.05) between groups A, B and C. At 43 days, the group B showed a significantly
inferior ability to prevent bacterial passage (P<0.05). The group C showed a deeper sealer penetration
than group A and B with statistically significant differences (P<0.05) for the total penetration (ANOVA
one way and Tukey HSD). A Wilcoxon signed-rank test showed statistically significant differences for
the penetration in the middle-and apical third of the 3 groups. Conclusion: Based on this in vitro study,
the single polymer-cone obturation technique with a resin based- and bioceramic based-sealer behaved
similarly to the warm vertical obturation technique in preventing bacterial passage. The bioceramic
sealer showed the deepest penetration but did not fully prevent bacterial leakage.

Keywords: Bioceramic Endodontic Sealer; Epoxy Resin; Root Canal Sealer; Warm Vertical
Condensation Technique

Introduction

the proviso of a good material behaviour and results comparable to
the standard warm vertical condensation and cold lateral

he aim of root canal obturation is to prevent the leakage of

microorganisms [1]. Once the hermetic seal is lost bacteria
can re-colonise the root canal and cause a relapse of the treatment.
The traditional material used to obturate root canals has been gutta
percha and zinc-oxide eugenol (ZOE) and epoxy resin-based
cements. Recently hydrophilic polymer master cone obturation
systems were introduced. The development of simplified
obturation techniques may be adopted in the clinical setting, with

techniques. A reduced number of technical passages may lead to
less flare-ups and iatrogenic errors technique [2, 3]. According to
the manufacturer, these materials improve the seal because of the
ability of the cone to expand with moisture [4]. The CPoint is based
on these principles (Endo Innovations Ltd, St. Austell, UK) with a
hydrophilic cone. The CPoint has a two-part construction. A
central core composed of two nylons (Trogamid T and Trogamid
CX), a radiopacifier (ZrO;) and a hydrophilic polymer coating,
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Figurel. In vitro infection model A) 18G needle to replenish
medium; B) 26G needle for ventilation; C) Sectioned 20 mL syringe;
D) Rubber cap; E) Ring; F) 5 mL vial

bonded to the central core, which radially expands constituted
of two monomers, acrylonitrile and N-vinyl-pyrrolidone (NVP),
polymerized and cross-linked using allyl methacrylate and a
thermal and UV active initiator and radiopacifier (ZrO,) [5]. To
date little experimental data exists regarding the efficacy of this
system, except for its good biocompatibility and proven
expansion [6, 7].

The introduction of so called bioceramic sealer which are
tricalcium  silicate (TCS) are more aptly defined hydraulic
cements as they can set in the presence of moisture. The
utilisation of hydraulic cement-based sealer may represent an
advantage in terms of bioactivity and increased seal compared
with traditional obturation techniques even when combined
with a single cone [8].

In vitro studies have limitations assessing the behaviour of
obturation system. Dye-leakage has been employed;
nevertheless, the pure liquid filtration system has limited clinical
significance [9]. The use of bacterial leakage test is considered
more relevant to compare different materials [10].

Also, penetration of endodontic sealer into dentinal tubules
is another important parameter to study. Efficient sealer
penetration improves mechanical retention of the core material
because of an increment of interface between the dentinal walls
and the obturation core material [11]. Sealer penetration may
also affect tubular infection via entombing phenomenon, where
bacteria may be entrapped within the dentinal tubules with
progressive loss of viability [12]. The penetration depth into
dentinal tubules depends on several factors: irrigation regimen,
smear layer removal [13] or physical-chemical characteristics of
the sealer [14]. Regarding the last factor, studies have reported
penetration depth of epoxy resin, ZOE, methacrylate resin and
adhesive resin-based sealers [15-17]. To date only one paper
analysed in depth the bioceramic tubular penetration [18].
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Figure 2. Kaplan-Meier plot showing the survival to bacterial
penetration following percolation test of the samples for each
experimental group. No significant difference was observed between
the three experimental groups. The rate of bacterial passage increased
significantly 20 days after the bacterial infection. Group A: Size F3
Gutta-percha (GP) point and AH-Plus sealer; Group B: CPoint F3
with AH-Plus selaer; Group C: CPoint F3 with EndoSequence BC
sealer, +ve Control: Teeth with no canal obturation.

The aim was to evaluate the ability of the CPoint obturation
system to avoid bacterial leakage and to measure the penetration
depth into tubules. Its behaviour was compared to single
cone/resin-based sealer obturation and warm vertical condensation
technique. The null hypothesis were: 1) No difference could be
detected between the different systems bacterial percolation. 2) No
difference in the sealer penetration could be measured.

Material and Methods

Eighty extracted single rooted teeth with similar length (20-22
mm) were obtained (Research Ethics Committee Number
10/H0804/056). The exclusion criteria were presence of root
caries, blocked canals, incomplete apices were discarded. Access
cavity were cut; patency filing carried out with 10 K-file (Dentsply
Maillefer, Ballaigues, Switzerland) and the ProTaper sequence
(Dentsply Maillefer, Ballaigues, Switzerland) was used up to size
F3. Irrigation was performed with 5 mL of 1% NaOCl solution and
arinse with 2 mL of 17% ethylenediaminetetraacetic acid (EDTA)
solution followed by a final rinse with NaOCL A 27-gauge side-
vented needle was used. The teeth were assigned to three
experimental groups:

Group A: (n=20) Warm vertical condensation, using a Size F3
gutta-percha (GP; Dentsply Maillefer) point and AH-Plus
(Dentsply Maillefer).

Group B: (n=20) CPoint (Endo Innovations Ltd, St. Austell,
Cornwall, UK) (size F3) with AH-Plus.

Group C: (n=20) CPoint (Endo Innovations) (size F3) with
EndoSequence BC (ESBC) sealer (Brasseler USA, Savannah, GA,
USA).
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Figure 3. CLSM images of a root disc from A group (warm
condensation technique with gutta-percha in association with AH-
Plus), positive for bacterial passage, stained with the live/dead stain

showing the two channels [left for live bacteria (green), right for dead

bacteria (red)]. Deep tubular infection could be observed

Positive Control: Teeth with shaped canal and no canal
obturation were used as positive control (n=10), and negative
control: Virgin teeth with no access cavity represented the
negative control (1=10).

A warm vertical compaction technique was used for group A
(GP/AH-Plus). The cone was coated with AH-Plus and inserted
in the canal. System B (Analytic, Sybron Endo, Orange, CA,
USA) was used to down-pack to 3 mm from the WL followed by
the Obtura backfill (Obtura II; Sparta, Fenton MO, USA) and
vertical compaction with Matchou pluggers 1 and 2 (Dentsply
Maillefer, Ballaigues, Switzerland).

In Group B and C master cones CPoint F3 were coated with
AH-Plus prepared according to manufacturer’s instruction
(Group B) and ESBC (Group C) sealers and inserted to WL.
Once inserted the cones were trimmed with a round bur on a
high-speed handpiece.

A bacterial percolation double chamber test was employed.
This method allowed determining the the passage of bacteria
from the top chamber to the bottom one through the root canal
system in presence of different obturation materials. Three nail
polish coatings (Boots Group, Nottingham, UK) were applied to
the teeth, excluding the apical dome. Specimens were mounted
under laminar flow, in the experimental apparatus (Figure 1). A
5 mL vial (LSL, Rochdale, UK) was used as lower chamber. The
upper chamber was made with a sectioned 20 mL syringe. A
small hole was pierced through the centre of the rubber lid with
the system B tip and the specimen was forced to the cemento-

Figure 4. Representative images collected with a confocal scanning
laser microscopy (10x). Al and A2 show the penetration of the sealer
in the middle third and in the apical third of Group A respectively. B1
and B2 show penetration in the middle third and in the apical third of

Group B respectively. Images C1 and C2 show penetration in the
middle third and in the apical third of Group C respectively

enamel junction (CEJ) level. Cyanoacrylate was placed around
the CE]J. The metal ring was used to secure the lid. The 26 G and
18 G needles were inserted through the rubber lid to allow

ventilation and further medium sampling. The testing
apparatuses were sterilized by y-irradiation (25 kGy).
Under laminar-flow cabinet  Enterococcus  faecalis,

Actinomyces radicidentis, Propionibacterium acnes, Streptococcus
epidermidis and Streptococcus mitis were inoculated. Starter
cultures were set up in filter-sterilized modified fluid universal
medium (mFUM) incubated anaerobically at 37°C for 3 h. The
turbidity was adjusted with mFUM to 0.5 OD at 540 nm by iEMS
Reader MF (Labsystems, Helsinki, Finland). Bacterial species
were mixed equally and specimens were infected with 30 pL of the
inoculum in the access cavity. In the negative control group, the
bacterial inoculum was placed around the CEJ margin to test the
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seal of the system. The inferior chamber of the system was filled
with mFUM to reach a level flush to the apical dome. Medium
turbidity was monitored daily and replenished weekly (up to 70
days) via 18 G needle. The system was covered with parafilm
(Bemis, Neenah, WI, USA) to prevent evaporation of the medium.
The turbidity was considered positive when OD was more than
0.5. Each positive event was plotted in a spreadsheet as bacterial
percolation through the root canal obturation with GraphPad,
Prism v5.0 (GraphPad Software, San Diego, CA, USA). After
bacterial passage 10 random specimens were sectioned
horizontally at 2 mm and 10 mm from the apex using a diamond-
wafering blade (Extec, Enfield, CT, USA) in a low speed saw
(Buehler Ltd, Coventry, UK) under water-cooling and observed
qualitatively for the presence of gaps and voids by confocal laser
scanning microscopy (CLSM).

The slices of the specimens were stained with live/dead
Baclight bacterial viability kit (Molecular Probes, Invitrogen,
Paisley, UK) and visualized under Leica SP2 CLSM to observe
gaps between the obturation material and the dentinal walls and
to detect bacterial penetration in the tubules.

The samples were placed in dry wells of 24 multi-well plates
and stained with 400 pL of dye for 15 min. The root discs were
washed twice with phosphate buffered saline (PBS) and placed
inverted onto glass bottom 35 mm diameter Petri dishes (MatTek
Corporation, Ashland, USA).

A Leica SP2 CLSM was used to observe the fluorescence
emission of SYTO 9 and PI using 488 and 569 (Ar-Kr laser) as
excitation source respectively. The images were acquired and
analysed with Image ] (NIH, Bethesda, MD, USA) to determine
the depth of penetration of the bacteria in the tubules.

Further 48 extracted human mandibular single-canal
premolars were used to determine the sealer penetration. The
roots were divided into 3 groups (A, B and C) as previously
described. Sealers were labeled with 0.1%
isothiocyanate (Sigma-Aldrich, Quimica SA de CV, Toluca,
Mexico) to promote its fluorescence [19]. Shaping and obturation
were carried out as previously described. Horizontal sections (1
mm thick) of the roots were cut at 2 (apical) and 5 mm (middle)
from the apex using a diamond disc at 200 rpm under continuous

rhodamine B

water-cooling. The sections were polished with a silicone carbide
abrasive paper and prepared for observation with CLSM (Leica
TCS-SPE confocal microscope; Leica, Mannheim, Germany)
under 10x magnification. Absorption and emission wavelengths
of rhodamine B isothiocyanate were 540 nm and 590 nm
respectively. The penetration of the sealer was measured from the
canal wall to a maximum depth of 1000 um with the software LAS
AF (Leica, Mannheim, Germany) as reported by others [20, 21].

Statistical analysis

Percolation level was analysed by Kaplan-Meier survival test to
determine differences between the groups at a significance level
set at P<0.05. A one-way ANOVA and Tukey HSD tests were
applied to ascertain statistical significant differences among total
penetration of the groups and a Wilcoxon Signed-Ranks Test was
applied to determine statistical significance differences between
penetration of the sealer in the middle and the apical third of roots
of each group (significance P<0.05).

Results

The Kaplan-Meier survival analysis revealed overall no significant
difference (P-value=0.2046) between Group A, B and C (Figure
2). However, at 43 days, Group B showed a significantly inferior
ability to prevent bacterial passage (P<0.05). The positive control
showed immediate bacterial passage. The negative control did not
show any bacterial passage for the whole duration of the
experiment.

CLSM qualitative imaging revealed the presence of minimal
gaps between the obturating material and the sealer and between
the sealer and the root canal walls in teeth with bacterial
percolation. Minimal voids allowed radial colonization of the
tubules. Viable bacteria were detected as far as 400 pm in the depth
of the tubules (Figure 3).

Table 1 shows the measurements regarding the penetration of
the sealer. The Group C showed the deepest penetration and the
group B showed the shortest one. For all groups, penetration in
the middle third was deeper than penetration in the apical third
(P<0.05). Figure 4 shows representative images of the samples
observed with the CLSM.

Table 1. Depth penetration of sealers (pum)

Total (middle+apical third)

Sieon () Mean (SD)

A (15) 589.41 (296.18)
B (15) 324.16 (266.10)*
C@15) 709.84 (340.67) *

913.25(212.55) *

Middle third Apical third
Mean (SD) Mean (SD)
715.75 (222.41) * 435.88 (293.95)
463.31 (290.84) * 176.06 (150.07)

506.44 (326.19)

Group A: Warm vertical condensation, using a Gutta-percha point and AH-Plus Sealer; Group B: CPoint with AH-Plus; Group C: CPoint with EndoSequence BC sealer.
Data with (+) showed statistically significant differences with the data of group B. Data with (#) showed statistically significant differences with the data of group A (One-way
ANOVA, Tukey HSD). Data with (*) showed statistically significant differences with data of the apical third of its corresponding group (Wilcoxon Signed-Ranks Test)
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Discussion

The present study revealed that the use of single cone
obturation material in conjunction with bioceramic sealers
provides a level of seal to bacterial percolation comparable to
traditional warm vertical condensation techniques. On the
other hand, using a single cone technique in conjunction with
epoxy-resin based sealer has a higher bacterial leakage further
after 43 days. On a microscopic level the penetration of
bioceramic sealer in the dentinal tubules was the highest.

The ideal obturation material would provide a hermetic
seal. But several in vitro studies demonstrated that GP-
obturated root canals tend to leak [22, 23].

The presence of discrepancy between the shaped root
canal walls and the size and taper of the cone may affect to a
greater extent single cone techniques [24, 25]. Warm vertical
obturation techniques may lead to a better adaptation of
softened gutta-percha to root canal walls irregularities [26].
Still recent studies addressed the concerns regarding the
potential shrinkage while cooling of heated GP leading to
voids and gaps [27]. The use of standardised cones matching
the preparation of NiTi instruments may improve the
adaptation. However, the thickness of the sealer may still be
higher in the single cone obturation techniques [28, 29]. The
use of expanding polymers may compensate the shrinkage of
the cement during setting [24]. The use of bio-aggregates and
calcium silicate (MTA) based sealers could represent a
significant improvement compared with the traditional zinc
oxide eugenol and epoxy resin based sealers [30-32].

In the present study, all groups showed a passage of bacteria
in the course of the experiment (70 days). A significant
difference could be detected between Group B, with a higher
passage of bacteria. This could be ascribed to the type of sealer
as Group C used the same type of cone (CPoint) but another type
of calcium silicate-based sealer (ESBC), and interestingly had a
similar behaviour to group A (GP+AH-Plus). Which is the same
polymer single cone technique performed significantly better
when associated with bioceramic sealer compared with epoxy-
resin based ones.

Although not statistically significant, the least bacterial
percolation was overall present with single cone used with
bioceramic sealer. It may be hypothesized that either a sustained
antibacterial effect of the calcium silicate sealer, or the
progressive maturation of the portlandite phase with a better
hermetic seal has been achieved [33].

The samples analysed with CLSM showed the development
of live biofilms in the gap present between the root canal walls
and the obturation materials. A tubular infection could be
detected, although to a lesser extent (400 pm) compared with
previous studies (1000 um) [34].

The limitations of in vitro bacterial leakage models are
represented by the fact that it is still unknown the number of
bacteria necessary to cause pathology [35]. The quality of the
obturation is technique dependant but it is also affected by the
behaviour of the sealer. Therefore, the behaviour of the sealer is
very important as it should not only fill the space between the
core obturation material and the root canal walls but should also
flow in the dentinal tubules to entomb viable bacteria.

The ESBC showed the deepest penetration level followed by
the AH-Plus combined with GP and then the AH-Plus
combined with CP. Differences in penetration could occur
because the ESBC is a hydrophilic bioceramic sealer thus its
interaction with residual water in the root canal could facilitate
its entry in the tubules. Hence cone expansion represents an
advantage for the penetration ability of the ESBC. The properties
of sealers affect the efficacy of penetration. Balguerie et al. [15]
reported that the AH-Plus sealer and the Acroseal -both epoxy
resin based- showed deeper penetration than penetration of the
Endobtur (ZOE), Ketac-Endo (glass ionomer) and RSA
(silicon). The AH-Plus showed the deepest penetration with
statistically significant differences when compared to the others
[15]. Mamootil et al. [14] observed a deepest penetration of
AH26 (statistically significant) when compared to EndoREZ
(UDMA resin) and zinc oxide eugenol based sealer like Pulp
Canal Selear EWT [14]. On the other hand, Ordinola-Zapata et
al. [17] noticed that Sealapex, a calcium hydroxide-based sealer,
showed the deepest mean penetration in comparison with Sealer
26 (calcium hydroxide) and GuttaFlow sealer (silicon). The
studies concluded equally that the penetration varied because of
the physical-chemical properties of the sealers [14, 15, 17]. A
previous study, instead, found no significant difference between
the penetration of AH-Plus and bioceramic sealers, however the
latter had overall a better adaptation to dentine, differences in
findings may be ascribed to differences in the irrigation regimen
[36]. Indeed, the difference on the behaviour of the sealers
origins from their physical-chemical properties expressed on
solubility, flowing ability, viscosity, setting time and
dimensional change among others [37-39]. Furthermore, the
biological impact of bioceramic sealers on the periapical tissue
may represent an important factor, considering the
advantageous bioactivity of these sealers as demonstrated in a

previous study [40].
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Apical sealer penetration was the lower for all experimental
groups. Other studies confirmed these findings as they have
reported significant differences between the depth penetration
between the middle and the apical third [16, 17, 20]. The
finding is explained because of the distinct permeability of the
dentin along the root canal. The density and the diameter of
the tubules decreases from coronal to the apical third and
sclerotic dentin occurs in the apical third [41, 42]. In addition
to the effect of the properties of the dentine, the permeability
is also impacted by the presence of smear layer [41]. Hence its
removal favours penetration of sealers [13]. Accordingly, a
final rinse with 2 mL of 17% EDTA solution was used to avoid
presence of smear layer prior to obturation. Despite the
chelating irrigant residual smear layer and debris might persist
at the apical third [43]. Also, the penetration of bioceramic
sealer could be greatly affected by the use of ultrasonic
activation of endodontic irrigant [44].

A recent clinical study showed a promising outcome with
single technique used with bioceramic sealer, hence supporting
this simplified novel approach [8].

In our study, the ESBC sealer showed the deepest penetration
and this result might suggest that the ESBC helps to achieve
hermetic seal. However, if we observe the results obtained from
the leakage test, we cannot assume that a deeper penetration will
prevent bacterial re-invasion in the tubules. The CLSM imaging
may be limited as the technique did not involve a 3D
observation. The role of bacteria in the dentinal tubules has been
extensively speculated and not fully understood. Once a tubular
infection is established bacteria may harbour within the tubules

and intermittently recolonize the root canal space.

Conclusion

Based on this in vitro study, single cone obturation techniques
using novel materials performed similarly to warm vertical
obturation technique in preventing bacterial passage. The
ESBC showed the deepest penetration of the sealer, but it did
not fully prevent bacterial percolation. Future developments of
obturation materials should aim to further reduce the passage
of bacteria from the coronal third to the apical third by
reducing gaps present between the obturation material and the

root canal walls.

Conflict of Interest: ‘None declared’.
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