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In vitro comparison of the marginal
adaptation of cold ceramic sealer with the
single-cone obturation technique versus
AH-26 sealer with the lateral compaction
technique in single-canal teeth

Jalil Modaresi', Fatemeh Mokhtari' and Elahe Khodarahmi'

Abstract

Objectives This study aimed to compare the marginal adaptation of a cold ceramic (CC) sealer with the single-cone
obturation technique with that of an AH-26 sealer with the lateral compaction technique in single-canal teeth.

Materials and methods In this in vitro experimental study, the root canals of 24 extracted single-rooted single-canal
teeth were instrumented to F3 files by the crown-down technique and randomly assigned to 2 groups (n=12). The
root canals were obturated with a CC sealer and single-cone obturation technique with 4% gutta-percha in group 1
and with an AH-26 sealer and lateral compaction technique with 2% gutta-percha in group 2. After 4 weeks of storage
at room temperature and 100% humidity, the root ends were sectioned horizontally 3 mm from the apex, and the
mean linear distance between the root filling material and the root dentinal wall was measured under a scanning
electron microscope (SEM). Comparisons were made by the Mann-Whitney test (alpha=0.05).

Results The mean linear distance (gap) was significantly smaller in the CC sealer/single-cone group than the AH-26/
lateral compaction group (6.72+2.57 vs. 12.94+4.82 um, P=0.001).

Conclusion Marginal adaptation was significantly higher with the CC sealer and single-cone obturation technique
than with the AH-26/lateral compaction technique, suggesting the suitability of the CC sealer and single-cone
obturation technique for a hermetic seal in single-canal teeth.
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Introduction

Despite the high success rate of root canal therapy (78—
91%), treatment failure still occurs [1]. Evidence shows
that over 88% of endodontic failures occur due to apical
microleakage [2]. Residual bacteria in the root canal sys-
tem are mainly responsible for treatment failure [3].

The main goal of endodontic treatment is to create a
three-dimensional hermetic seal to prevent the invasion
of microorganisms and their recolonization in the root
canal system [4]. Gutta-percha and sealer are currently
the most commonly used combination for root canal
obturation [5]. Sealers fill the irregularities in the root
canal walls to enhance an optimal seal [6]. Nonetheless,
none of the currently available sealers can provide an
ideal seal [7].

The success of endodontic treatment can be maximized
to 96% by creating a hermetic seal [8]. An ideal sealer
should be biocompatible, nontoxic, and radiopaque. It
should have antimicrobial activity, completely fill the root
canal, and have dimensional stability and proper adhe-
sion to the root canal walls [9]. Several sealers with dif-
ferent formulations have been proposed over the years to
improve apical seal, including zinc oxide eugenol (ZOE)-
based sealers, calcium hydroxide-based sealers, silicone
sealers, urethane methacrylate sealers, resin-based seal-
ers, and bioceramic sealers.

AH-26 is currently the most commonly used epoxy
resin-based sealer and has optimal properties, such as
easy mixing and application, suitable flow, antimicro-
bial activity, acceptable adaptation to root dentinal walls,
and proper working time [10]. It has been reported that
AH-26 has excellent sealing ability [11]. However, discol-
oration, relative insolubility in solvents, relative cytotox-
icity of its fresh unset form, and relative solubility in oral
fluids are among its drawbacks [12].

Bioceramic sealers are ceramic compounds with excel-
lent biocompatibility due to their resemblance to bio-
logical hydroxyapatite (HA). In the process of hydration,
they produce different products, such as HA, which can
induce a regenerative response. Mineral HA has osteo-
conductive properties in contact with bone, resulting in
bone formation at the contact interface. This inherent
ability appears to be due to the ability of bioceramics to
attract osteoinductive components to the healing site
[13]. Dentin remineralization, acceptably low cytotox-
icity, optimal antibacterial activity (due to a high pH of
up to 12), favorable penetration into dentinal tubules, no
polymerization shrinkage, high sealability, and minimal
microleakage by chemical bonding to dentinal walls are
among the other advantages of bioceramic sealers [14,
15]. Mineral trioxide aggregate (MTA), BioAggregate,
Biodentine, iRoot FS and Cold Ceramic (CC) are among
the calcium silicate-based bioceramic materials [16].
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CC has an almost similar composition to MTA, which
was introduced in 2000 as the first white bioceramic
material [17]. It is supplied in the form of powder and liq-
uid and is used as a root-end filling material, for perfora-
tion repair, as an apical barrier in open-apex teeth, as a
potential root canal filling paste, and as a pulp capping
agent and in pulpotomy [18-21]. It has a tricalcium sili-
cate base, and its powder contains fine hydrophilic parti-
cles that are set in the presence of moisture. It is prepared
by mixing its white powder with water at a proper ratio
[22]. Its main constituents include silicon oxide, calcium
oxide, sulfur trioxide, and barium oxide, accounting for
93% of its ingredients. Other ingredients include K20,
Na20, Fe203, MnO, MgO, and TiO2 [23]. Its initial and
final setting times are 15 min and 24 h, respectively [17,
24].

The CC sealer is a new bioceramic sealer created by the
addition of a proper solvent to CC material. It is based
on CC and is supplied in the form of powder and liquid.
It sets in the presence of moisture of the dentinal tubules
and the environment.

The single-cone obturation technique is commonly
adopted when calcium silicate sealers are used. In this
technique, gutta-percha only serves as a carrier. This
technique is less operator-dependent and can potentially
minimize root canal wall degradation [25]. It is simpler
and faster than the conventional lateral compaction
technique [26]. However, some irregularities in the root
canal wall may remain unfilled with this technique and
serve as potential areas for the accumulation of micro-
organisms and reinfection [27]. Nonetheless, acceptable
obturation quality of the single-cone technique has also
been reported [28]. However, information regarding the
seal provided by the use of a single-cone obturation tech-
nique in combination with a CC sealer is scarce. Thus,
the purpose of this study was to compare the marginal
adaptation of the CC sealer with the single-cone obtura-
tion technique versus the AH-26 sealer with the lateral
compaction technique in single-canal teeth. The null
hypothesis of the study was that no significant difference
would be found in marginal adaptation between the CC
sealer and the single-cone obturation technique versus
the AH-26 sealer and the lateral compaction technique.

Materials and methods

This in vitro experimental study was conducted on 24
single-rooted single-canal human teeth extracted due
to periodontal problems or as part of orthodontic treat-
ment. The study protocol was approved by the eth-
ics committee of the university (IR.SSUDENTISTRY.
REC.1402.006).
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Sample size

The minimum sample size was calculated to be 10 in each
group by PASS 15 software according to a previous study
[18], with a 95% confidence interval, 80% study power, a
standard deviation of 3, and a 2-unit difference between
the CC and AH-26 groups in terms of the mean distance
between the root-filling material and canal wall.

Eligibility criteria
The inclusion criteria were the presence of one single
root and one single canal; the absence of cracks, frac-
tures, root caries, or resorption; the presence of a mature
apex, straight canals; and the absence of dystrophic
calcification.
Teeth with defective obturations and those that were
broken during sectioning were excluded and replaced.
The teeth were inspected radiographically, and also
under a surgical microscope with x15 magnification to
ensure absence of cracks and fractures.

Specimen preparation

The teeth were initially immersed in 5.25% sodium
hypochlorite (AV Dent, Iran) for 30 min to eliminate
debris. The samples were then stored in saline. A #15
K-file (Mani, Japan) was introduced into the canal. Upon
observing its tip at the apex, 1 mm was subtracted from
its length to determine the working length.

The root canals were cleaned and shaped by ProTa-
per nickel-titanium rotary system (EF-Blue, Sentadent,
China) with an endomotor (Endo Mate DT, NSK. Japan)
by the crown-down technique using SX, S1, S2, F1, F2,
and F3 files to the working length in an orderly manner
as instructed by the manufacturer. The root canals were
then irrigated with 10 mL of 17% EDTA (NikDarman,
Iran), followed by the addition of 10 mL of 5.25% sodium
hypochlorite for another 5 min. Finally, the root canals
were irrigated with 5 mL of distilled water (Saamen, Iran)
and dried.

The teeth were then randomly assigned to 2 experi-
mental groups (n=12).

In group 1, the root canals were obturated with CC
sealer (Sarv Javid Modarres, Iran) and #30/4% gutta-per-
cha (Aria Dent, Iran) by the single-cone technique. For
this purpose, CC sealer was delivered into the canal by
using a rotary instrument (Endo Mate DT, NSK. Japan)
and F2 ProTaper files (EF-Blue, Sentadent, China) by con-
tra-angle rotation of the files; this process was repeated
three times to ensure that the canal walls were coated
with the CC sealer.

In group 2, the root canals were obturated with AH-26
sealer (Dentsply, Switzerland) and the cold lateral com-
paction technique. A #35 finger spreader (Mani, Japan),
#30/2% gutta-percha as the master point, and also acces-
sory gutta-percha points (Meta BioMed, Korea) were
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used for this purpose. The teeth were radiographed again
to ensure the optimal density of obturation. The teeth
were subsequently stored at room temperature and 100%
humidity for 4 weeks. Next, horizontal sections were
made at the root end 3 mm from the apex with a high-
speed handpiece under a water coolant.

Assessment of marginal adaptation
Tooth sections were inspected under a scanning electron
microscope (ZEISS Leo-1430 VP, Carl Zeiss AG, Jena,
Germany) at x205-303 magnification. For this purpose,
the samples were first gold sputter coated (5 um thick) by
the plasma technique, and then the distance between the
sealer and the root canal wall was measured in 4 different
directions, and the mean linear distance was reported for
each section in micrometers (um) (Figs. 1 and 2).

The specimens were coded and were then assessed
microscopically. The operator was blinded to the group
allocation of specimens.

Statistical analysis

The normality of the data distribution was analyzed by
the Kolmogorov-Smirnov and Shapiro-Wilk tests, which
revealed a normal distribution of data (P=0.295) in
the AH-26 group and a nonnormal distribution of data
(P=0.025) in the CC sealer group. Thus, the marginal
adaptations of the two groups were compared by the
nonparametric Mann-Whitney U test at the 0.05 level of
significance.

Results

As shown in Table 1, the mean linear distance (gap) was
significantly smaller in the CC sealer/single-cone group
than the AH-26/lateral compaction group (P=0.001).

Discussion
This study compared the marginal adaptation of the CC
sealer with the single-cone obturation technique versus
the AH-26 sealer with the lateral compaction technique
in single-canal teeth. The null hypothesis of the study was
that no significant difference would be found in marginal
adaptation between the two groups. The apical 2—-3 mm
of the root was assessed in this study since this area is
the most critical part in the success of endodontic treat-
ment [29]. The results revealed significantly higher mar-
ginal adaptation (smaller gap at the interface) in the CC
sealer/single-cone obturation technique. Thus, the null
hypothesis of the study was rejected. This result could be
due to the formation of a layer of apatite crystals between
the bioceramic sealer and the dentinal wall, which can
enhance the seal [30].

A search of the literature by the authors yielded only
a few studies on the properties of CC sealers. However,
many studies are available on other bioceramic sealers
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Fig. 1 SEM micrograph of the linear distance between the AH-26 sealer and the root canal wall. Separation of the sealer from the gutta-percha and

dentinal wall can be observed

and CC materials. Oshaghi [31] compared the solubil-
ity of the CC sealer and the AH-26 sealer and reported
that both sealers had solubilitiy within the standard
range. The solubilitiy of the two sealers were not signifi-
cantly different on day 1. However, the solubility of the
CC sealer was significantly higher than that of AH-26
after 7, 14, and 28 days, which can be attributed to its
solvent. Ballullaya et al. [32] compared the microleakage
of ZOE-based, epoxy resin-based, and bioceramic (Endo-
Sequence BC) sealers and reported that EndoSequence
BC had the lowest microleakage, whereas the ZOE-based
sealer had the highest microleakage. They reported that
the hydrophilicity of bioceramic sealers results in higher
sealability than that of resin-based and ZOE-based seal-
ers. Patri et al. [33] compared the marginal adaptation of
epoxy resin-based, MTA-based, and bioceramic sealers
via SEM and reported significantly higher sealability and
marginal adaptation of bioceramic sealers. Their results
were in line with the present findings, although they used
a different bioceramic sealer in their study. Bakhtiari-nia

et al. [34] compared the marginal adaptations of root
canals filled with gutta-percha and CC sealer with those
of gutta-percha and AH-26 sealer via SEM and reported
a significantly smaller gap between the root filling and
dentin in the CC group. These findings support the use
of CC as a root-filling material as an alternative to gutta-
percha and AH-26 sealers because of its higher seal-
ability and superior marginal adaptation. Padmawar et
al. [35] compared the marginal adaptations of EndoSe-
quence BC, AH-26 and EndoRez via SEM and reported
a significantly smaller gap at the interface in the bioc-
eramic sealer group, which was in agreement with the
present findings, although they used the EndoSequence
BC bioceramic sealer. Mirzaeeian et al. [36] compared
the marginal adaptations of AH-26, Endoseal MTA, and
CC sealers via the lateral condensation technique and
reported significant differences among the three seal-
ers such that the CC sealer resulted in the smallest gap,
whereas AH-26 yielded the largest gap at the sealer-root
dentin interface. Compared with AH-26, Bagheri-Hariri
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Fig. 2 SEM micrograph of the linear distance between the CC sealer and the root canal wall

Table 1 Comparison of the mean linear distance (gap) between the CC sealer/single-cone group and the AH-26/lateral compaction

group in microns (um)

Group Mean and std. deviation Median Minimum Maximum Pvalue
AH-26/cold lateral compaction 4.82+12.94 13.54 6.83 23.77 0.001
CC/single-cone 257+6.72 5.85 4.07 1291

et al. [37] also demonstrated a significantly smaller gap
between the CC sealer and root dentin, both of which
were achieved via the lateral condensation technique.
Rafiee et al. [38] compared the microleakage of root fill-
ings with gutta-percha and AH-26 versus gutta-percha
and CC sealer by the dye penetration test and reported
significantly lower microleakage in the CC sealer group.
The abovementioned findings were all in accordance with
the present results.

However, some studies reported contrary results.
Polineni et al. [39] assessed the marginal adaptation of
resin-based, MTA-based, and bioceramic sealers to den-
tin via SEM and reported the smallest gap in the resin-
based sealers. Additionally, Kim et al. [40] reported no
significant difference in microleakage between Endoseal

MTA and AH-Plus. Remy et al. [41] reported superior
marginal adaptation of AH-Plus compared with MTA
Fillapex and Endo Fill sealer. The difference between the
abovementioned results and the present findings may
be attributed to different methodologies, i.e., the use of
different types of tests for the assessment of microleak-
age or marginal adaptation, duration of the experiment,
formulation of sealers, or root canal instrumentation and
irrigation protocols.

The optimal sealability of bioceramic sealers could
be due to the formation of a layer of apatite crystals
between the bioceramic sealer and the dentinal wall,
which can enhance the seal [42]. The formation of this
layer increases with increasing pyrophosphate activity,
which is enhanced by the formation of calcium ions [42].
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Khedmat et al. [43] reported that both CC and MTA can
increase the enzymatic activity of alkaline phosphatase,
which plays an important role in initial mineralization
and the induction of HA deposition.

Several mechanisms have been proposed to explain the
bonding of bioceramic sealers to root dentin, such as the
formation of biomechanical bonds by the penetration of
sealer particles into dentinal tubules, the alkaline pH of
these sealers, which can cause collagen denaturation and
enhance sealer penetration into intertubular dentin, the
reaction of phosphate with calcium silicate hydrogel and
the formation of calcium hydroxide through the calcium
silicate reaction in the presence of moisture in dentinal
tubules, and the formation of HA [44]. Owing to the
small size of bioceramic particles (2 pm), their hydrophi-
licity, and small contact angle, bioceramic sealers easily
form chemical bonds with root dentin, fill the accessory
microcanals, and create a gap-free seal. Additionally,
hydrophilic sealers have higher tubular penetration than
hydrophobic sealers [45, 46].

As mentioned earlier, the single-cone obturation
technique is often selected for bioceramic sealers [47]
and was therefore selected for root canal obturation
with gutta-percha and CC sealer in the present study.
Najafzade et al. compared the marginal adaptation and
tubular penetration depth of bioceramic and epoxy resin
sealers with cold lateral compaction and single-cone
obturation techniques. They reported significantly supe-
rior marginal adaptation and higher tubular penetration
depth in the coronal, middle, and apical thirds of the root
in the bioceramic sealer group, irrespective of the obtu-
ration technique [48]. Thus, owing to easier and faster
root canal obturation with the single-cone technique, this
technique may be recommended as an alternative to the
conventional cold lateral compaction technique with bio-
ceramic sealers.

This study had some limitations. The gap at the
sealer-dentinal wall interface was measured via SEM.
Although accurate, this technique has some drawbacks.
For example, it only assesses the adaptation in one sur-
face two-dimensionally. Additionally, sectioning of sam-
ples to obtain transverse cross-sections of the root may
cause artifacts [49]. Additionally, the size of the gap at
the sealer-root dentin interface, which may be problem-
atic in the clinical setting, has yet to be clearly identi-
fied. Nonetheless, it is obvious that a sealer with higher
marginal adaptation is preferable for use in the clinical
setting. Moreover, this study had an in vitro design and
could not simulate complex intraoral conditions, such
as host defense mechanisms. Thus, the results should
be interpreted with caution. The limited sample size and
the unavailability of several longitudinal and transverse
cross-sections for a more precise assessment of the root
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canal system were among the other limitations of this
study.

Further in vitro and in vivo studies are needed to bet-
ter simulate the clinical setting and obtain more gener-
alizable results. Also, the relationships between marginal
adaptation and bacterial leakage and the development
of periapical inflammation should be investigated in
future studies. Additionally, future studies should assess
a greater number of longitudinal and transverse root sec-
tions with different methods of microleakage assessment
to obtain more comprehensive information. Finally, clini-
cal trials on the application of CC sealer after confirm-
ing its other physical and chemical properties through in
vitro investigations are needed. Last but not least, future
studies with a longer period are required to assess the
marginal adaptation of CC sealer in the long-term.

Conclusion

Marginal adaptation was significantly higher with the CC
sealer with the single-cone obturation technique than
with the AH-26/lateral compaction technique, suggesting
the suitability of the CC sealer and the single-cone tech-
nique for a hermetic seal in single-canal teeth.
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