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Abstract

Objectives The aim of this in vitro study was to assess the dentinal tubule penetration of three different sealers, AH Plus, BC
Sealer and a novel tricalcium silicate sealer (NTS).

Materials and methods Ninety-six human maxillary central incisors were divided into three experimental groups (n =32) and
were filled with gutta-percha using a single-cone technique in conjunction with one of the three sealers: AH Plus, BC Sealer or
NTS. The roots in each group were cross-sectioned at 1 and 5 mm from the root apex, and the surfaces were examined under
confocal laser scanning microscopy (CLSM). The sealer penetration depths were measured at their maximum depths and at four
circumferential depths (12, 3, 6 and 9 o’clock) and were evaluated using ImageJ software (ImageJ, NIH).

Results The maximum and mean penetration depths were significantly higher at 5 mm compared to 1 mm from the apex in the
AH Plus (p <0.001), BC Sealer (p <0.001) and NTS groups (p <0.001). No significant difference was observed between the
groups at 1 mm for both parameters. The maximum and mean penetration depths were significantly lower at 5 mm for AH Plus
compared with the other two groups (p =0.012).

Conclusions Within the study limitations, the BC Sealer and NTS demonstrated better tubule penetration results than the AH Plus sealer.
Clinical relevance Although no study has confirmed a relationship between the penetration depth of root canal sealers and the
prevention of apical periodontitis, dentinal tubule sealer penetration may improve obturation quality.
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Introduction adequate seal against any possible bacterial ingress and their
related toxins using gutta-percha (GP) in combination with
root canal sealers [1, 2]. Root canal sealers are used to fill
the space between the gutta-percha cones and the dentinal
wall. Different root canal sealers have been used in endodontic
therapy. AH Plus (Dentsply DeTrey, Konstanz, Germany), a
widely used epoxy resin—based sealer, possesses positive ma-
nipulation characteristics and high physical properties [3]. It
has been tested and is considered the gold standard for use as a
control material in most studies on sealers [4—8]. Newly de-
veloped calcium silicate-based sealers are reportedly compa-
rable to resin-based sealers, such as AH Plus, in terms of
sealing ability [9]. These sealers generate bioactivity on the
material surface. In addition, calcium silicate-based sealers

The aim of a root canal filling is to prevent reinfection of the
disinfected canal. This is achieved primarily by providing an
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demonstrate low cytotoxicity and high biocompatibility, and
they can induce an osteogenic response [10]. EndoSequence
BC Secaler (Brasseler USA, Savannah, GA, USA), a calcium
silicate-based sealer, is a single-component sealer that is
cytocompatible [11] and sets in vivo when water diffuses into
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the sealer. Its penetration into the dentinal tubules forms a
physical barrier, improves retention of the root filling and
entombs residual bacteria [12, 13]. The farther a sealer can
penetrate into the tubules, the greater its antibacterial effect,
if present, is [14]. Physical and chemical properties, such as
wettability and flow ability, are important parameters that may
have an impact on a sealer’s dentin tubule penetration depth
[6]. A new experimental novel tricalcium silicate (NTS)-based
sealer composed of tricalcium silicate, tantalum and calcium
oxide has been recently developed [15]. It is considered to be
minimally cytotoxic [16]. NTS is composed of tricalcium sil-
icate, which also includes calcium carbonate in the formula-
tion. The calcium carbonate is added as a filler and acts as a
nucleating agent, providing more reaction sites for cement
hydration [15]. Among a variety of obturation techniques,
the single-cone obturation technique is generally recommend-
ed with calcium silicate-based sealers for several reasons. In
fact, calcium silicate-based sealers do not shrink compared
with other types of sealers [17]; the application of heat may
affect their properties [18], and finally, they have been claimed
to create bonds along the sealer/gutta-percha interface [19].
Although a number of tricalcium silicate-based sealers have
been recently developed, none fulfils the necessary criteria of
stability and interaction with dentin, and to the best of our
knowledge, no study to date has compared the tubule penetra-
tion of these three different sealers.

The purpose of this study was to investigate tubule pene-
tration of AH Plus, BC Sealer and NTS under CLSM. The null
hypothesis tested was that there were no significant differ-
ences in the maximum depth penetration or in the mean depths
of sealer penetration among the three experimental groups.

Materials and methods

A total of 96 extracted human maxillary central incisors with
fully formed apices were anonymously collected from several
dental offices and stored in distilled water. Teeth were obtain-
ed from patients varying in age from 50 to 60 years old. The
study was approved by the ethics committee of Saint Joseph
University, Beirut, Lebanon (USJ-2016-61). Digital periapical
radiographs (SOPIXZ, Acteon, France) were taken from the
mesiodistal and buccolingual directions to confirm the pres-
ence of a single canal. The crowns of the teeth were removed,
and the root was cut to a 16-mm length. A standard access
preparation was performed for each tooth. The working length
was established with a no.10 K-file (Dentsply Maillefer,
Ballaigues, Switzerland). The file was introduced into the ca-
nal until it was visible at the apical foramen, and its length was
measured. The working length (WL) was determined by
subtracting 0.5 mm from this length. Root canals were instru-
mented to a size no. 15 K file (Dentsply Maillefer), followed
by ProTaper (Dentsply Maillefer, Ballaigues, Switzerland)
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rotary instrumentation to a size of F4 (40/06). The hand piece
was used with an electric engine (X-smart, Densply Maillefer,
Ballaigues, Switzerland) at 250 rpm.

During instrumentation, the root canals were copiously ir-
rigated with 10 mL 5.25% NaOCI. After instrumentation, the
canals were irrigated with 10 mL 17% EDTA, followed by
3 mL 5.25% NaOClI for 3 min and then a final flush with
10 mL deionised water. All root canals were irrigated using
30-gauge irrigation needles (Max-I-Probe; Dentsply
Maillefer) and dried with paper points. The specimens were
randomly distributed into the following three groups, accord-
ing to the sealer type: group AH Plus (n=32), group BC
Sealer (n=32) and group NTS (n=32).

Root canal obturation

Each sealer was prepared according to each manufac-
turer’s directions. To perform analysis under CLSM, the
sealers were labelled with rthodamine B (Sigma-Aldrich,
St. Louis, MO, USA) to an approximate concentration of
0.1% to provide fluorescence and allow confocal laser
microscopy assessment. The single cone technique was
used for obturation. All root canal sealers were placed
into the canal 1-mm short of the working length, using a
size 30 Lentulo spiral (Dentsply Maillefer, Ballaigues,
Switzerland). The Lentulo was used in small pecking mo-
tions within the canal for at least 5 s. A single gutta-
percha cone (ProTaper Universal F4, Dentsply Maillefer)
was then lightly coated with the sealer and placed in the
root canal to the WL. The cone was cut at the level of the
orifice and slightly condensed with a plugger. The coronal
opening was filled with a temporary filling material
(Cavit, 3 M; ESPE, St. Paul, MN), and the specimens
were stored at 100% humidity and 37 °C for 2 weeks to
completely set.

Root sectioning and root surface preparation

After 2 weeks, the teeth were inserted centrally and ver-
tically in orthodontic resin (Dentsply Caulk, Milford, DE,
USA). The samples were stored in a humidity chamber at
room temperature until the end of the study (6-7 weeks).
The root canals were cross-sectioned perpendicular to
their long axes using a diamond disk (Buehler, Lake
Bluff, IL, USA) with a slow speed (25,000 rpm) hand-
piece 1 mm and 5 mm from the root apex. The specimens
were then mounted onto glass slides, and the coronal sur-
face were polished using sand papers number 500, 700
and 1200 under continuous water to eliminate the debris
product coming from the cutting procedure. The sample
thickness submitted to confocal laser microscopy was
2 mm.
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Confocal laser scanning microscopy analysis
of the roots

Specimens were examined with a Zeiss confocal laser
scanning microscope (Zeiss, LSM 780, Germany) at x 5
magnification with a wavelength of 514 nm. Digital
images were imported into the Imagel software program
(ImageJ, NIH) to determine the total dentinal tubule
penetration area. The sealer penetration depths into the
dentinal tubules were evaluated for each specimen at the
maximum depth using the method described by Bolles
et al. [20]: the deepest penetration was measured from
the canal wall to the point of maximum sealer penetra-
tion using the measuring tool in ImageJ. Each measure-
ment was performed twice to ensure consistency and
reproducibility. Furthermore, the mean sealer penetration
depths were measured by averaging the penetration
depths at four circumferential points (12, 3, 6 and 9
o’clock) [21] corresponding to the buccal, mesial, lin-
gual and distal directions, respectively [22]. While
analysing images, we used a superimposed grid to stan-
dardise the four directions (12, 3, 6 and 9 o’clock). The
penetration depth was then measured twice in each di-
rection using the measuring tool in Image J. The sealer
penetration depths were calculated for each direction
and averaged, yielding the mean penetration depth
values (Figs. 1, 2, and 3).

Statistical analysis

The statistical software SPSS for Windows (Version 22.0,
Chicago, IL, USA) was used for statistical analysis of the data.
The level of significance was set at 0.05. The normality dis-
tribution of continuous variables was assessed with
Kolmogorov-Smirnov tests.

The maximum depth penetration and mean penetration
depth of the sealer into the dentinal tubules were compared
between the three types of cement (NTS, AH Plus, BC Sealer)
at 1 and 5 mm from the apex. Two-way analysis of variance
was conducted, followed by univariate analyses and multiple
comparisons tests of Tukey (HSD).

Fig. 1 The sealer penetration depth (AH Plus) at I mm (left) and 5 mm
(right) from the apex

Fig. 2 The sealer penetration depth (BC Sealer) at 1 mm (left) and 5 mm
(right) from the apex

Results

Maximum depth penetration of sealer in dentinal
tubules

The maximum depth penetration was not significantly differ-
ent between the three types of cement at 1 mm from the apex
(p =0.692). At 5 mm, there was a significant difference be-
tween the three groups. The sealer depth penetration at 5 mm
was significantly lower for AH Plus, followed by NTS, and it
was higher for BC Sealer (p =0.012) (Table 1).

The maximum depth penetration was significantly higher
at 5 mm from the apex compared to the 1 mm level for the AH
Plus (p<0.001), BC Sealer (p<0.001) and NTS groups
(p<0.001) (Table 1).

Mean penetration depth of the sealer in dentinal
tubules

The mean depth penetration was not significantly different
between the three groups at 1 mm from the apex (p = 0.496).
At the 5-mm level, the mean penetration depth was signifi-
cantly smallest for the AH Plus sealer (p=0.033), and the
difference was not significant between BC Sealer and NTS
(p>0.05) (Table 2).

The mean penetration depth was significantly higher at the
5-mm level compared to the 1-mm level for AH Plus
(»<0.001), BC Sealer (p<0.001) and NTS (p<0.001)
(Table 2).

Fig.3 The sealer penetration depth (NTS) at I mm (left) and 5 mm (right)
from the apex
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Table 1 The maximum

penetration depths of the different Level AH Plus BC Sealer NTS Sig.
sealers (pm)
1 mm 1088.31£332.41 1154.24 +340.31 1180.70 +443.47 0.692
5 mm 1666.93 +387.17* 1985.15+384.81° 1821.97+£338.51*P 0.012
Sig. <0.001 <0.001 <0.001

Different superscript letters indicate the presence of significant difference in multiple comparisons post-hoc tests
when comparing the mean outcome between different sealers

Discussion

The aim of this in vitro study was to assess the dentinal tubule
penetration of three different sealers, AH Plus, BC Sealer and
NTS, in terms of the penetration depth into dentinal tubules
under CLSM.

In the current study, the sealer penetration depth was eval-
uated under confocal microscopy. Different microscopic tech-
niques, such as light microscopy, scanning electron microsco-
py (SEM) and CLSM have been used to show root canal
sealers within dentinal tubules. In the present study, CLSM
was used instead of SEM because it allows the detection of
sealer penetration along the canal circumference of each sam-
ple using fluorescence. With CLSM, the formation of high
contrast points shows the sealer penetration within the dentin-
al tubules. Another advantage when using CLSM in segments
is that the sealer can be visualised at various depths. It offers
several advantages over conventional wide-field optical mi-
croscopy and SEM [23-25], including the ability to control
the depth of field, reduction of background information away
from the focal plane and the ability to assemble many optical
sections, even from thick specimens. Picoh et al. [26] have
reported that when using CLSM, artefacts can be practically
excluded. When using CLSM, the sealer must be labelled with
a fluorescent dye for evaluation. Rhodamine B (Sigma-
Aldrich, St Louis, MO, USA) has been used as an indicator
under CLSM because it allows for the identification of sealers
within the dentinal tubules [27] and does not affect the phys-
ical properties of the sealers, as long as a small amount of dye
(less than 0.2%) is mixed with the sealers [28].

In the current study, for the three groups, both the mean and
maximum penetration depths were higher at the 5-mm level
compared to the 1-mm level, in accordance with results from

Table 2 The mean penetration depths of the different sealers (im)

Level AH Plus BC Sealer NTS Sig.

I mm 568.96+222.89 600.84+23593  656.89+272.93  0.496
5mm 984.29+271.55* 1152.81+257.51° 1063.61+£293.52° 0.033
Sig.  <0.001 <0.001 <0.001

Different superscript letters indicate the presence of significant difference
in multiple comparisons post-hoc tests when comparing the mean out-
come between different sealers
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Camilleri [ 18], who found that AH Plus completely penetrated
the dentinal tubules in the coronal and mid-root portions,
while in the apical region, penetration was not always ob-
served. These findings are also similar to those reported by
McMichael et al. [29], who found that the BC Sealer penetra-
tion depth was significantly higher at 5 mm from the apex
compared to the 1-mm level. One explanation may be that
the number and diameter of dentinal tubules decrease apically
in the root canal. Furthermore, some areas in the apical third
are dentinal tubule free, and tissue-like cementum can contour
the apical root canal wall, obstructing tubules [30]. Another
explanation may be the better removal of the smear layer in
the coronal region.

This study demonstrated that the maximum and the mean
depth penetrations were significantly lower with AH Plus at
5 mm from the apex compared with NTS and BC Sealer.
These results show that a calcium silicate-based sealer can
penetrate dentinal tubules without applying intra-canal com-
paction pressure, which is usually used in gutta-percha filling
techniques. This finding would be clinically significant be-
cause it would remove the necessity to use excessive force
during obturation techniques, which could lead to the genera-
tion of root canal cracks or fractures. Compaction is not used
in the single-cone technique, but this technique may result in
voids in irregular canals [31, 32]. Celikten et al. found that at
all levels, void volumes were the highest for the SC technique
with the tested bioceramic sealer [33]. Persisting gaps allow
for leakage and bacterial contamination, contributing to the
failure of endodontic therapy. In the current study, the small
particle size of BC Sealer may explain why it penetrated the
deepest at this level (5 mm). McMichael et al. [29] have
shown that BC Sealer penetrated tubules as deep as 2 mm
when a single cone technique was applied. Jeong et al. [21]
have also shown that penetration of a tricalcium silicate sealer
into the dentinal tubules occurred independently of the obtu-
ration technique, a finding that is in accordance with our study,
in which NTS penetrated tubules as deeply as 2000 um
(2 mm). Other studies comparing the sealer penetration depths
of AH Plus, BC Sealer and MTA Fillapex have reported pen-
etration depths varying from 23.4 to 84.3 um [34, 35]. These
shorter depths in dentinal tubules were attributed to the limi-
tation of scanning electron microscopy (SEM), which only
allows the specimen surfaces to be viewed. According to
Mamootil et al. [13], physical and chemical properties, such
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as particle size, solubility, viscosity and surface tension, influ-
ence the depth and consistency of the material’s dentinal tu-
bule penetration. However, this study included only maxillary
central incisors, in order to control the confounding factors
and eliminate the effect of root canal anatomy on sealer pen-
etration into dentinal tubules. Further study should be per-
formed on different root canal anatomy to confirm the results
obtained.

Sealer penetration in dentinal tubules has the benefit of
improving the mechanical retention of sealer to the dentinal
walls [12, 36]. It may operate as a blocking agent, which could
inactivate bacteria or prevent their repopulation inside tubules.
It can also form a physical barrier to prevent bacterial
microleakage and recontamination of the root canal system
[12]. Additionally, sealers that penetrated into dentinal tubules
can maintain their bactericidal action [37, 38], which is
favourable for healing periapical lesions and preventing rein-
fection. This study did not examine the interface between the
gutta-percha and dentin wall. Indeed, the incidence of voids in
root canal filling material can result in the proliferation of
residual microorganisms and may jeopardise the treatment
outcome. Further studies are necessary to analyse the interfa-
cial adaptation of these sealers to root canal walls.

Conclusions

Within the limits of this study, it can be postulated that BC
Sealer and NTS demonstrated better dentinal tubule penetra-
tion results compared to AH Plus.
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