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Abstract: The purpose of this randomized controlled clinical trial was to assess the short-term clinical
effectiveness of sealer-based root canal obturation using calcium-silicate-based sealer (CSBS) and
epoxy-resin-based sealer (ERBS). A total of eighty patients (eighty teeth) were enrolled and seventy-
two patients (seventy-two teeth) were randomly assigned into four different sealer groups: AH Plus
(AH, Dentsply Sirona), ADseal (AD, Meta Biomed), CeraSeal (CS, Meta Biomed), or EndoSeal TCS
(ES, Maruchi). At the first visit, root canal treatment was performed using ProTaper. Next, the NiTi
file system and passive ultrasonic irritation was applied with 2.5% NaOCl. At the second visit, the
teeth were obturated with a sealer-based obturation technique using the assigned sealer. The quality
of filling obturation was evaluated with postoperative radiographs in terms of the presence of voids
and sealer extrusion. The patients were recalled at 1-week, 1-month, and 3-month intervals, and pain
levels were measured using visual analog scales (VAS), and clinical examination performed with
percussion and palpation. Radiographs were also taken. The results were statistically compared
by using the χ2 test or Fisher exact test. Among the 80 teeth included, 72 teeth received allocated
intervention and 71 teeth were included in the analysis (98.6% recall). There was no significant
difference among the sealers in void and sealer extrusion (p > 0.05). Postoperative pain was not
indicated prominently regardless of the type of sealer. For a 3-month follow-up period, all cases
were maintained successfully except for one case from AD. According to the findings, there was no
significant difference between CSBS and ERBS in terms of postoperative pain or the healing process,
and the variation in filling quality appears to be linked to the properties of each product.

Keywords: calcium silicate; root canal filling; sealer; sealer-based obturation

1. Introduction

Since the mid-19th century, gutta-percha (GP) has been used as a root canal filling ma-
terial after removing the diseased pulp tissues. GP itself cannot seal the canal completely; as
such, it is always used with sealers to seal off the minor gaps between the GP and canal wall
and irregularities of the root canal systems [1,2]. Sealer itself also has shortcomings, such
as microleakage, dimensional stability, and biocompatibility; therefore, it is recommended
to use as thin sealer as possible [3,4]. The warm vertical compaction or continuous wave of
condensation technique using GP and epoxy-resin-based sealer (ERBS), the gold standard
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for root canal sealers, is the most popular and suitable technique for increasing the amount
of GP and decreasing the amount of sealer in the root canal area.

Along the advancement in rotary nickel–titanium (NiTi) instruments, the single-cone
technique using a matching single-cone has increasingly gained popularity owing to its
simplicity, lesser technique-sensitivity, and short working time [5]. However, several
studies reported that the single-cone technique showed inferior filling quality to other
warm vertical obturation or pressured condensation techniques [6,7]. Such shortcomings
are presumably due to the disparity between the round tapered GP and the irregular canal
shape, resulting in a relatively larger amount of sealer used in the single-cone technique
compared to other obturation techniques.

ERBS has been regarded as the gold standard for root canal sealers due to its resorption
resistance and dimensional stability, but it does have drawbacks, including the possibil-
ity of mutagenicity, cytotoxicity, an inflammatory response, and hydrophobicity [8–11].
Recently, calcium-silicate-based sealer (CSBS) was introduced as an alternative to ERBS.
CSBS has superior physicochemical and biologic properties. A growing body of evidence
supports a notion that CSBS materials are biocompatible, stimulate biomineralization, have
antibacterial activity, have a higher binding strength to dentin than traditional sealers, and
provide a superior seal on par with ERBSs [3,4,12–14], suggesting that CSBS may potentially
replace and minimize complications related to ERBS.

The first commercialized CSBS, iRoot SP (Innovative Bioceramix, Vancouver, BC,
Canada), was developed in 2007 and demonstrated biocompatibility and hydrophilic-
ity [13]. Since then, various sealers have been brought to the market, such as EndoSequence
BC Sealer (Brasseler USA, Savannah, GA, USA), MTA Fillapex (Angelus Soluções Odon-
tológicas, Londrina, Brazil), and so on. CeraSeal (Meta Biomed, Cheongju, Korea) is a pre-
mixed calcium-silicate-based material sealer composed of calcium silicates and zirconium
oxide [14]. EndoSeal MTA (Maruchi, Wonju, Korea) has been marketed as a pozzolan-based
MTA sealer [12]. With the specific chemical composition and manipulation method using a
syringe, it has shown to have a superior filling ability, showing a low void percentage and
lower solubility compared to conventional CSBS [15,16]. Both were marketed as injectable
pastes that were premixed and ready to use. Although the physicochemical properties were
evaluated and compared in many articles recently published [4,12,13,15], there is relatively
little information in the literature on its clinical performance. Therefore, the purpose of
this pilot study was to assess the short-term clinical effectiveness of sealer-based root canal
obturation using ERBSs and CSBSs.

2. Materials and Methods
2.1. Study Design and Inclusion/Exclusion Criteria

This prospective clinical study was conducted for the patients who were recruited at
a university dental hospital from November 2020 to October 2021. The study protocol of
this project was approved by the Institutional Review for Research on Human Subjects
(PNUDH-2020-045-MD), and informed consent was acquired from all participants.

The teeth were examined with periapical radiographs, periodontal probing, percussion
testing, and sensibility assessment. The teeth diagnosed as asymptomatic irreversible
pulpitis and/or pulp necrosis with/without chronic apical periodontitis were included in
the study. Teeth with excessive mobility, a crack, radiographic evidence of internal/external
resorption, or calcification of the pulp chamber or canals were excluded. Teeth diagnosed
as acute periapical periodontitis or alveolar abscess were excluded. Patients who have
systemic diseases (e.g., severe diabetes mellitus) that may have an effect on the outcome
of root canal treatments and who need intentional endodontic treatment for a certain
purpose were also excluded. C-shaped root canal, identified during shaping procedure,
was excluded from this study as well.
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2.2. Sample Size Calculation and Randomization

The sample size was determined using the G*power program that is commonly used
to calculate the minimum required sample size for various statistical analyses (t-test, F-test,
chi-square test, z-test, etc.) [17]. We obtained a total of 69 sample size with a significance
level (α) of 0.05, power (1 − β) of 0.8, medium effect size (ω) of 0.4, and the degree of
freedom (Df) of 3. The initial goal is to enroll a total of 83 subjects based on the assumption
that 20% of the patients may fail to attend the follow-up. We determined that this number
is appropriate by referring to previous similar studies [18,19].

Total 80 patients (80 teeth) were eligible for this study, and they were randomly
assigned to the 4 root canal sealers used in this study (n = 20): AH Plus (group AH;
Dentsply Sirona) and ADseal (group AD; Meta Biomed, Cheongju, Korea) as ERBS, and
CeraSeal (group CS; Meta Biomed) and EndoSeal TCS (group ES; Maruchi, Wonju, Korea)
as CSBS. The sealers were randomly applied to the teeth using pre-set order made by
randomization (Figure 1). Because the handling properties of the sealers are different, the
study was not able to perform in a blinded manner by the endodontist.
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Figure 1. CONSORT flow diagram of this study.

2.3. Treatment Procedure

A two-visit common root canal treatment was performed by the endodontist, who was
experienced more than 20 years. On the first-visit, tooth was isolated with rubber dam after
anesthesia. Access cavity was made after removal of caries dentin and old restoration if
existed. The coronal canal was flared using OneFlare (MicroMega, Besançon, France), and
glide-path was prepared using PathFile #1 (Dentsply Sirona, Ballaigues, Switzerland). Root
canal was instrumented using ProTaper Next rotary NiTi file systems (Dentsply Sirona) with
endodontic motor (E-connect S; Eighteeth, Changzhou, China), and final instrumentation
sizes, X2, X3, X4, and X5, were decided according to the size of natural canals. During the
canal preparation, copious amounts of sodium hypochlorite (NaOCl, 2.5%) were used for
canal irrigation, and passive ultrasonic irrigation (PUI) was applied using UC-One (EP
dent, Gimpo, Korea). After drying the canals with paper points (Meta Biomed), calcium
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hydroxide paste (Calcipex II; Nishika, Shimonoseki, Japan) was applied and access was
temporarily restored using Caviton (GC, Tokyo, Japan).

On the second visit for root canal obturation, the patient was asked if any symptoms re-
mained. Patients without any clinical symptoms were confirmed and continually included
in this study. Teeth were isolated and temporary restoration was removed completely.
Intracanal medication was also removed, and canal was irrigated thoroughly with NaOCl
and ethylenediaminetetraacetic acid (EDTA) using PUI unit. After drying the canals with
paper points, sealers were randomly assigned and delivered by using the premixed syringe
and master GP cone for the groups CSBS and ESBS. For groups AD and AH, sealers were
applied using master GP cone. The master cone was introduced to the working length.
Then, multiple times pumping motion of the master GP cone was performed to improve
sealer flow and remove entrapped air void. At the level of the canal orifice, the coronal part
of GP was severed and compacted with hand plugger.

2.4. Clinical and Radiographic Evaluation

Postoperative radiographs were taken using the paralleling technique to evaluate
the canal filling quality and sealer extrusion. From all root canals, the number of voids
entrapping below the canal orifice was counted using the two different radiographs with a
shifted direction. Sealer extrusion was counted per both canal and tooth.

Patients were recalled at around 1 week (7 to 10 days) after canal obturation for
coronal restoration or core build-up for full coverage restoration. Then, patients were
recalled at 1 month and 3 months to check for any unexpected postoperative symptoms
and clinical signs (responses on percussion and palpation) or flare-ups related to the treated
teeth. At every visit, subjective clinical symptoms were evaluated for the pain levels using
visual analog scales (VAS), and for clinical examination with percussion and palpation.
Radiographs were also taken at every visit to evaluate the resolution of apical radiolucency.
In cases in which the patient has unexpected symptoms and pain during the follow-up
periods, proper procedures were planned for retreatment.

2.5. Statistical Analysis

To analyze the frequencies of void and sealer extrusion according to the materials,
a Pearson chi-square test or Fisher’s exact test was used with a significance level of 0.05.
Statistical analyses were performed by using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Among the 80 patients (80 teeth) who were initially eligible for this randomized
controlled trial, 72 patients (72 teeth) were included in this study, and one patient (one tooth)
was dropped due to unavailability to follow up within 3 months (98.6% recall). Table 1
listed the distribution of the analyzed cases according to the sealer used. Representative
case samples are presented in Figure 2.

From the radiographs taken after canal filling, ES (60%) and AH (56.3%) showed
higher void numbers than AD (31.6%) and CS (29.4%) (Table 2). Sealer extrusion was found
more frequently in AH (56.3%, 33.3%) and CS (58.8%, 29.7%) than ES (35%, 17.8%) and
AD (21.1%, 12.2%) on evaluation per tooth and canal. However, there were no significant
differences among the sealers in void and sealer extrusion (p > 0.05).

Postoperative pain was not remarkably different among the tested sealers (Table 3).
All the groups indicated a similar postoperative pain level, ranging from 0 to 0.06 VAS at 1
week after canal filling, and did not show any change except for the AH group. The VAS in
the AH was 0.06 at 1 week and increased to 0.13 at 1 month and 3 months. AD showed a
positive response to percussion in only one case. Besides one case of AD, there was no case
having a positive response to percussion and palpation at any assessed time interval.

For the 3-month follow-up period, all cases were maintained successfully except for
one case from AD. AD showed one case of recurring sinus tract at one month after canal
filling. Radiographic changes occurred in some cases having a periapical lesion in each
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group. AD showed the most regression of periapical radiolucency in three out of seven
cases, followed by ES (four out of ten), AH (two out of six), and CS (two out of eight cases)
(Table 4).

Table 1. Case distribution.

AH Plus
(n = 16)

ADseal
(n = 19)

CeraSeal
(n = 17)

EndoSeal TCS
(n = 20)

Sex
Male 7 8 5 9
Female 9 11 12 11

Age
≤30 2 2 3 1
30~60 5 7 7 13
61≤ 9 10 7 6

Arch
Maxilla 5 10 10 10
Mandible 11 9 7 10

Tooth type
Anterior 3 5 4 1
Premolar 3 3 2 5
Molar 10 11 11 14
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Figure 2. Representative cases obturated with 4 sealers used in this study. Radiographs of pre-
operative, post-obturation, and 3-month follow-up from above to bottom. Dot circles show healing
or healed apical lesion on 3-month recall. A case with CeraSeal shows sealer extrusion (full circle). A
case with EndoSeal shows minimal void (white arrows, scored as 1) in the obturation.
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Table 2. Filling quality evaluation immediately after canal filling (n = 72).

Void (%) Sealer Extrusion (%)

Tooth p Value Tooth p Value Canal p Value

AH Plus 56.3 (9/16)

0.145

56.3 (9/16)

0.067

33.3 (12/36)

0.139
ADseal 31.6 (6/19) 21.1 (4/19) 12.2 (5/41)

CeraSeal 29.4 (5/17) 58.8 (10/17) 29.7 (11/37)
EndoSeal 60.0 (12/20) 35.0 (7/20) 17.8 (8/45)

Table 3. Postoperative pain after root canal filling (n = 71).

VAS (Mean) Percussion (+) (n) Palpation (+) (n)

1-Week 1-Month 3-Month 1-Week 1-Month 3-Month 1-Week 1-Month 3-Month

AH Plus (16) 0.06 0.13 0.13 0 0 0 0 0 0
ADseal (18) 0 0 0 1 0 0 0 0 0
CeraSeal (17) 0 0 0 0 0 0 0 0 0
EndoSeal (20) 0.05 0.05 0.05 0 0 0 0 0 0

VAS: visual analog scales.

Table 4. Radiographic change (healing) of periapical lesion.

Cases with Lesion
1-Week 1-Month 3-Month

Worse C * Healing Worse C * Healing Worse C * Healing

AH Plus 6 0 16 0 0 14 2 0 14 2
ADseal 7 0 18 0 0 16 2 0 15 3

CeraSeal 8 0 17 0 0 17 0 0 15 2
EndoSeal 10 0 20 0 0 18 2 0 16 4

* C: constant.

4. Discussion

The introduction of CSBS has been a key advance in the field of filling materials
over the previous decade, as well as having brought a shift in the concept of obturation
procedures [20]. Sealer-based obturation using CSBS is similar to the traditional single-cone
technique in the aspect of using a pre-fitted single GP cone. However, there is a typical
distinction in that the sealer is responsible for providing the seal as the main contents of
the canal space [21]. To achieve a successful outcome of root canal therapy, CSBS should
have an efficient clinical assessment, as well as excellent physicochemical and biological
properties in vitro and in vivo. Therefore, this study assessed CSBSs in terms of filling
quality, postoperative pain, and radiographic change compared with two different ERBSs.
Considering that the canal obturation technique might be one of the affecting factors on the
postoperative pain and sealer extrusion [21–23], sealer-based obturation was used for all
types of sealers in this study.

To evaluate the quality of the canal filling, void formation and sealer extrusion (per
canal) were investigated. The voids may act as a reservoir for bacteria, resulting in mi-
croleakage and endangering the long-term success of root canal therapy. Several factors,
including the obturation technique, physical qualities of the materials (e.g., film thickness,
flowability, and wettability), and the anatomical structure of the root canal system, might
impact the void formation [24,25]. CSBS has been known to show comparable or superior
flowability compared to the ERBS [26] and demonstrate less void during root canal fill-
ing [27]. However, this study showed a high percentage void in AH Plus and EndoSeal
without showing the tendency according to the type of sealer. Previous research has shown
that the incidence of voids is higher in oval root canals, especially when using the single-
cone technique [28,29]. This study showed that void was found to be more common in
molars (50%, 23/46 teeth) than premolar (38.5%, 5/13 teeth) or anterior (30.7%, 4/13 teeth)
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teeth. The void incidence seems to be more related to root canal anatomy rather than the
type of sealer in this study as well [30].

In this study, we did not find any differences in sealer extrusion among the tested
sealers, albeit with higher frequencies noted in AH Plus and CeraSeal (Table 2). Filho et al.
reported that CSBS showed more sealer extrusion compared to ERBS [31], whereas Tan et al.
showed that AH Plus is more related to cases with sealer extrusion rather than TotalFill
BC, one of the CSBSs [23]. However, the clinical outcome is not associated with sealer
extrusion [32,33]. Nonetheless, depending on the type of sealer used, it may trigger an
adverse tissue reaction, such as an inflammatory or foreign body reaction [34]. Despite
the fact that this is a rare occurrence, some research has suggested that root canal sealers
may cause an inflammatory response and sensory nerve activation [35,36]. Given that the
chemical composition of the extruded sealer is essential in triggering side effects, CSBS
has the advantage of having biocompatible ingredients without resin, which is supported
by Riccuci et al., who demonstrated that the histologic section that extruded CSBS has no
foreign body or inflammatory response [37]. The high pH of CSBS sealers may also provide
several biological advantages, such as promoting hard tissue formation and interfering
with osteoclastic activity, leading to favorable healing [26,36].

In this study, postoperative pain was rarely found in all the groups for the follow-up
period (Table 3). The presence of preoperative pain is one of the predisposing factors
to postoperative pain [21,38]; as such, symptomatic teeth were excluded to minimize
the variables. Sealer-based obturation without the use pressure may be linked to rare
postoperative pain. Indeed, the VAS score was slightly increased from 0.06 to 0.13 in the
AH Plus group (Table 3). However, the other groups did not change, and neither percussion
nor palpation revealed a significant response in all the groups. Our study is in line with
many other studies in which the postoperative pain is associated with preoperative pain
and sealer extrusion, not the type of sealer [21,38]. However, Ruparel et al. reported that,
unlike CSBS, a low concentration AH plus sealer evoked calcitonin-gene-related peptide
(CGRP) release [35]. This may be considered a cause of higher levels of postoperative pain.

Except for one case from the ADseal group, all the cases were effectively maintained
for the short-term outcome up to three months. The failed case showed a sinus tract after
a month, which originated from a cemental tear on the mesial root surface. Even after a
month, the radiolucency of the AH Plus, ADseal, and EndoSeal groups had decreased in
some cases. At 3-month recall, ERBS and CSBS exhibited similar radiographic changes
in cases with preoperative periapical radiolucency, with 38.5% (5/13) and 33.3% (6/18),
respectively. This study showed favorable short-term outcomes in both types of sealers.
However, there are concerns about the hydraulic resorption of the calcium silicate sealers
in some previous studies [8,25]. Nonetheless, our study is significant in that it presented
the clinical efficacy of CSBS compared to ERBS. This study has limitations, including a
small number of cases and a short-term evaluation. Therefore, long-term clinical studies
are required to further evaluate this concern.

5. Conclusions

In conclusion of the present pilot clinical study, we found no significant differences in
postoperative pain, void, and sealer extrusion among different CSBSs and ERBSs in 1-week,
1-month, and 3-month evaluations. Collectively, calcium-silicate-based sealer with sealer
based obturation may provide comparable clinical efficiency to epoxy-resin-based sealer.
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