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Abstract
Objectives This randomized, controlled, pilot study assessed the outcome of non-surgical primary/secondary root canal treat-
ments either with a novel bioactive sealer and the single-cone technique or with gutta-percha, zinc oxide-eugenol sealer (ZOE),
and warm vertical compaction.
Materials and methods Sixty-nine patients were randomly divided into two groups that were treated using the single-cone
technique with BioRootTM RCS (Septodont) (BIO group) or warm vertical compaction with gutta-percha and ZOE sealer
(PCS group). Two subsamples (BIOAP and PCSAP) comprised the cases with apical periodontitis. Treatment was undertaken
by four residents using a standardized instrumentation and disinfection protocol. The periapical index (PAI) was recorded, and
clinical and radiographic follow-up performed at 1, 3, 6, and 12months. Treatment success was assessed according to “periapical
healing” and “tooth survival”. The test for the equality of proportions, t tests for the equality of means, and non-parametric K-
sample tests for the equality of medians were applied when appropriate.
Results The survival rate was similar in the BIO and PCS (p = 0.4074) and the BIOAP and PCSAP groups (p = 0.9114). The
success rate was higher in the BIO groups, but not statistically significant (p = 0.0735). In both BIOAP and PCSAP groups, a
progressive decrease in the PAI was observed.
Conclusion At 12 months, both techniques showed reliable results. Further studies and longer follow-ups are needed.
Clinical relevance This study documents the feasibility of using a bioactive sealer in conjunction with the single-cone technique
to obturate the root canal and obtaining a predictable outcome.
Trial registration ClinicalTrials.gov Identifie: NCT04249206
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Introduction

Apical periodontitis (AP) is a chronic inflammatory disease
caused by an endodontic infection and is characterized by hard
tissue resorption and destruction of periapical tissues [1, 2].
Apical periodontitis can be prevented or treated by an appro-
priate root canal treatment (RCT) [3]. According to the recent

literature, the estimated weighted success rates of primary and
secondary RCTs range between 68–85% and 70–86%, re-
spectively, when strict criteria are used [3–7]. The quality of
the root canal filling is a very important potential prognostic
factor influencing the success of RCTs [6]. A state-of-the-art
endodontic obturation obtained using gutta-percha (GP) cones
together with a sealer adapted to the canal walls should pre-
vent microorganisms and fluids from passing through the ca-
nal to the apical tissues by sealing the entire system [8, 9].

In recent years, bioactive endodontic cements (Portland’s
bioceramics) have been introduced to the market; they have
been used as pulp capping agents, as filling materials to seal
endodontic/periodontal joins or, more recently, as sealers to be
used in conjunction with GP [10]. The precursor of these
cements, mineral trioxide aggregate (MTA), which is a
Portland-derived cement, exhibited excellent hydraulic prop-
erties (since it sets and seals well in the presence of moisture
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because its properties are enhanced by the interaction with
tissue fluids), biocompatibility, and induction of hard tissue
formation [11, 12]. Subsequently, developed products have
different compositions, most of which contain calcium and
silicate [10, 13–17], and show similar performances [18–20].
A common property of these cements is their “bioactivity”;
when they are in contact with tissue fluids, they release calci-
um ions and produce calcium hydroxide and apatite on their
surfaces with the potential to create an interfacial layer be-
tween the sealer and the dentin walls [11, 12, 21].
Researchers have also reported a decreased inflammatory re-
sponse in bone in the presence of these products [22–25].
BioRootTM RCS (Septodont, Saint-Maur-de-Fossés, France)
is a tricalcium silicate–based bioactive cement developed to
be used as a sealer together with GP points and the single-cone
technique or with cold lateral condensation for permanent root
canal obturation [26, 27]. There is a paucity of information in
the specialized literature on the outcomes achieved with the
new bioactive sealers used with the single-cone obturation
technique in vivo; the latter (sealers and technique) are often
advertised.

The purpose of this pilot study was to evaluate the outcome
of endodontic primary and secondary treatment of teeth pre-
pared with a similar protocol and obturated using either the
single-cone technique with gutta-percha and a bioactive sealer
or warm vertical compaction with gutta-percha and a ZOE
sealer at a 1-year follow-up. This is intended to be the first
part of a modular project that will provide data on the behav-
iour of the two groups over time (at 1 year, 2 years, and 4
years).

Materials and methods

The pilot study was approved by the Ethics Committee
(PROT. PG/2017/16759, Ca, November 2017) and was con-
ducted in the Department of Conservative Dentistry and
Endodontics of the University Hospital in accordance with
the Declaration of Helsinki of 1975 (as revised in 2000) be-
tween 1 May 2016 and 31 December 2017.

Inception cohort

Fifty-five Caucasian subjects aged between 18 and 80 years
who were referred for endodontic treatment at the university
clinic were included in the study. The selected subjects had at
least one permanent single or multi-rooted mature tooth with
signs and/or symptoms indicating the need for endodontic
treatment (primary or secondary) according to ESE guidelines
[9], and teeth requiring retreatment with a poor prognosis (root
canal morphology altered) were excluded. Clinical and med-
ical data were recorded before treatment. During the visit,
each tooth was clinically examined to determine whether it

needed endodontic treatment; the history of pain was assessed,
and responses to sensitivity tests, palpation, and percussion
were performed [28]. One or more periapical radiographs of
the involved teeth were obtained at baseline and evaluated to
assess the crown, root, and periapical status.

Patients with any medical condit ion, immune-
compromised status, or with an overall poor prognosis for
their treatment were not included.

Informed consent to undergo the treatment and follow-up
and a second consent to participate in the study were obtained
from all patients before treatment commenced.

The 55 selected patients required root canal treatment of 84
single or multi-rooted teeth.

Endodontic therapy was performed using a standardized
protocol that varied only in terms of the technique and sealer
used for the obturation of the root canal. Four endodontic
residents performed the primary and secondary RCTs, who
were divided into two groups of two (depending on the day
of the week they worked in the hospital). The clinical super-
visor of the day assigned each resident either Bioactive ce-
ment or ZOE sealer respectively. This was randomly done by
a flip of the coin. Every day, each patient was randomly
assigned to one technique or another: the first patient who
arrived on the same day of treatment was randomly assigned
(by a flip of the coin) to one of the two obturation groups,
while the second was assigned to the other group; the third
patient was assigned to the initial group, and so on until the
end of the day.

Dental treatment and follow-up

Local anaesthesia was administered, the teeth were isolated
under a rubber dam, and the root canals were subjected to
preflaring using K-files 08/10/15 (Kerr© Corporation,
Orange, California) and NiTi Protaper NextTM X1, X2, and
X3 rotary files (Dentsply Sirona, Ballaigues, Switzerland)
when necessary. For the secondary RCTs, the GP and sealer
were removed by hand and with rotary instrumentation by
using Gates-Glidden drills #4, #3, and #2 (in this sequence)
and 0.1 mL of solvent (Endosolv® E, Septodont, Saint-Maur-
des-Fossés, France); the canals were then renegotiated by
hand with K-files. In all cases, the working length was
assessed with the apex locator (DentalPort ZX, J. Morita
MFG. CORP©, Kyoto, Japan) and confirmed with one or
more periapical radiographs Kodak ultra-speed dental film,
size 31 × 41 mm (Carestream Health©, Stuttgart, Germany)
andX-safe 70 70KV/8mA (CeflaMedical Equipment, Imola,
Italy). The root canals were continuously irrigated with 5%
sodium hypochlorite (Niclor 5-Dentale, Ogna lab, Muggiò,
Italy) throughout the instrumentation.

Following instrumentation, the canals were dried with ster-
ile paper points and obturated as follows:
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(a) BIO group: A standardized GP master cone that fit snug-
ly at the working length was selected; BioRootTM RCS
(Septodont) was prepared according to the manufac-
turer’s instructions. A coating of the sealer was applied
onto the canal walls using the GP point. Obturation was
completed by inserting the GP master cone that had been
previously coated with the sealer into the canal; a hot
instrument was used to remove the excess GP.

(b) PCS group:Warm vertical compaction with GP and Pulp
Canal SealerTM EWT (Kerr© Corporation, Orange, CA)
was performed [29].

A periapical radiograph was obtained to assess the quality
of the root canal fillings, and subsequently, all teeth were
restored with direct composite.

Clinical and radiographic follow-up were performed at 1,
3, 6, and 12months for each tooth, and data were recorded in a
dedicated chart and updated at every follow-up.

All radiographs were digitally scanned, saved in JPEG for-
mat and imported into ImageJ software version 1.41 (National
Institute of Health, Bethesda, MD). The application Turbo
Reg (Biomedical Imaging Group, Lausanne, Switzerland)
was used to reduce the distortion factors of the radiographs
[30].

Two trained and calibrated examiners (weighted kappa
values, k = 0.8 for inter-examiner agreement and k = 0.9 for
intra-examiner agreement) [31] assigned a PAI score to each
radiograph [32]; in the case of a disagreement, the highest of
the two scores was retained. In multi-rooted teeth, the root
with the highest score was used as the reference. Following
the assignment of a PAI score, the radiographs of each tooth
were divided into two groups: absence of AP (score 1) or
presence of AP (score 2–5).

The same examiners then assessed the quality of the coro-
nal restorations according to the criteria described by Ng et al
[3, 6].

Outcome assessment

Treatment success was assessed using two outcomemeasures.
The primary outcome measure was “periapical healing”,

including clinical and radiographic evidence of the healing
of each tooth or the absence of apical periodontitis [3].
Treatment success was defined according to strict criteria as
the absence of pain or clinical evidence of inflammation or
swelling and by conventional radiographic measures of com-
plete healing/continuous presence of a normal periodontal lig-
ament space (PAI score < 2).

The secondary outcome measure was “tooth survival”.
Success was achieved if the tooth was asymptomatic and con-
sidered to be functional regardless of its PAI score [33].

If a tooth had been extracted because of endodontic prob-
lems (persistent pain, swelling, or sinus or periapical

radiolucent lesion), treatment was considered to have failed.
Tooth extraction without any exit data regarding the postop-
erative periapical status excluded the tooth from further anal-
ysis for “periapical healing”. The whole tooth was considered
the assessment unit.

Statistical analysis

Continuous variables were reported as the mean ± SD, while
dichotomous variables were reported as the number of cases
and the percentage; qualitative ordinal variables were reported
as the number of cases and the median value. Different tests
were used to verify the presence of a statistically significant
difference between the BIO and PCS groups; the test for the
equality of proportions, t tests for the equality of means, and
non-parametric k-sample tests for the equality of medians
were applied when appropriate. The level of significance
was set at 5% (p < 0.05); STATA version 14 (STATA
Corp., TX, USA) was used to perform all statistical analyses.

Results

The follow-up rate of this study was 82%. Of the 55 patients
originally enrolled, who had 84 treated teeth, 13 patients with
15 treated teeth (2 of which were extracted without further
information collection) failed to attend the follow-up appoint-
ments and were excluded from the analysis. The patients who
were excluded from the statistical analysis exhibited charac-
teristics similar to those of the patients included.

Sixty-nine teeth from 42 patients were then included in the
outcome assessment (Table 1), and they were therefore dis-
tributed as follows:

BIO group = 39 teeth in 23 patients (26.09% males and
73.91% females, average age = 53.17 years) obturated using
the single-cone technique and BioRootTM RCS (Septodont).

PCS group = 30 teeth in 19 patients (47.37% males and
52.63% females, average age = 51.26 years) obturated with
the warm vertical compaction technique using gutta-percha
and Pulp Canal SealerTM EWT (Kerr©).

The teeth with AP from both groups were then further
divided into two subsamples: BIOAP = 28 teeth in 18 patients
from the BIO group, and PCSAP = 24 teeth in 16 patients
from the PCS group (Table 1).

The BIO and PCS groups were homogeneous in terms of
age and initial periapical status; the majority of the BIO group
comprised females, while the subsamples of patients with
teeth with AP were homogeneous in terms of gender. The
BIO group included more secondary RCTs than the PCS
group. The test used to assess whether the type of treatment
was equally distributed between groups indicated that there
was no significant difference and that the two groups were
comparable (Table 1).
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The overall survival rate of treated teeth at 12 months was
97.44% in the BIO group and 93.33% in the PCS group (p =
0.4074). The success rate at 12 months was higher in the BIO
group than in the PCS group (76.92%versus 56.67%), although
the difference was not significant (p = 0.0735). Similarly, the
survival rates in the BIOAP and PCSAP groups were compa-
rable at 12 months, and the healing rate was higher in the
BIOAP group than in the PCSAP group (67.86% versus
50.00%), but the difference was not statistically significant (p
= 0.1908) (Table 2). A successful treatment was found at the
12-month follow-up for all teeth without a preoperative
periapical lesion. The PAIs for each treatment group and sub-
group are shown in Figs. 1 and 2, respectively. Globally, all
PAIs decreased over time. For all teeth with a PAI of 5 or 4 at
baseline, the score was decreased at the 12-month follow-up in
the BIOAP groups, while teeth with a PAI of 4 did not show a
change at 12 months in the PCSAP groups (Figs. 1a and 2a).

Discussion

The aim of endodontic filling is to finalize the treatment by
sealing, as hermetically as possible, the root canal space and
prevent microleakage, which may cause treatment failure [8,
9]. Endodontic obturation is traditionally performed with a GP
master cone combined with a sealer, which may be further
adapted to the prepared canal using a compaction technique
with heat [29] or multiple accessory cones [28]. The use of a
well-fitting cone in conjunction with a bioactive sealer that
should enhance the sealing properties when in contact with
fluids and lead to successful single-cone obturation has been

recently advocated [21]. The technique is easy and fast and
aims to create a biological seal [10–16, 18–20, 22, 23, 26, 27].
We designed this randomized pilot study to obtain the first
insights into this technique because there was, and still is, a
paucity of clinical information in the specialized literature on
the use of the new bioactive cements as sealers with single-
cone obturation. This article reports the 12-month follow-up
of a modular project in which the outcomes of primary and
secondary root canal treatments were assessed in teeth
obturatedwith either the single-cone technique and a bioactive
sealer or with continuous compaction with GP and ZOE seal-
er, which is considered a classic reference treatment [34].

To minimize bias, four endodontic residents performed all
the treatments in the same clinical setting using a standardized
instrumentation and disinfection protocol. In addition, each
tooth was restored with direct composite upon the completion
of RCT. The sample size was small, but the follow-up rate was
good (Table 1). We have combined primary and secondary
endodontic therapies to empower the statistical analysis. This
choice was also supported by the literature, as the documented
success rates of initial treatment and retreatment were similar
as long as the teeth to be retreated did not exhibit visibly
altered root canal morphology [3, 35–37].

The follow-ups were conducted at short intervals (1 month, 3
months, and then every 3 months) to obtain detailed information
on the healing course of the teeth during the first year of treatment
to evaluate a new material with supposedly better sealing ability
(Figs. 1 and 2) [21]. This information may be useful in clinical
practice, especially for teeth with extensive lesions requiring
prosthetic rehabilitation. This is also the reason we intend to
report the treatment outcomes progressively (at 1, 2, and 4 years).

Table 1 Descriptive data for the groups: general samples and subsamples

All teeth (N = 69) Teeth with AP (N = 52)

BIO group (n = 39) PCS group (n = 30) Test BIOAP group (n = 28) PCSAP group (n = 24) Test

Sex Female 27 (69.23%) 12 (40.00%) 0.0152* 20 (71.43%) 11 (45.8%) 0.0608*
Male 12 (30.77%) 18 (60.00%) 8 (28.57%) 13 (54.2%)

Age Mean ± st.dev 55.44 ± 15.04 56.37 ± 20.21 0.8270** 56.79 ± 16.02 52.67 ± 19.97 0.4132**

Type of treatment Primary 13 (33.33%) 20 (66.67 %) 0.0060* 8 (28.57%) 17 (70.83%) 0.0024*
Secondary 26 (66.67%) 10 (33.33%) 20 (71.43%) 7 (29.17%)

Initial PAI Mean 2.54 ± 1.43 2.70 ± 1.29 0.6292** 3.14 ± 1.24 3.13 ± 1.08 0.9563**

Median 2 2.5 0.4760*** 3 3 0.8780***

1 11 (28.21%) 6 (20.00%) - -

2 13 (33.33%) 9 (30.00%) 13 (46.43%) 9 (37.5%)

3 4 (10.26%) 6 (20.00%) 4 (14.29%) 6 (25.00%)

4 5 (12.82%) 6 (20.00%) 5 (17.86%) 6 (25.00%)

5 6 (15.38%) 3 (10.00%) 6 (21.43%) 3(12.50%)

*Test for the equality of proportions

**t tests for the equality of means

***Non-parametric K-sample test for the equality of medians
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The overall survival and success rates at 12 months were
good and comparable in both treatment groups (Table 2).

All teeth without a preoperative periapical lesion did not
develop signs and/or symptoms of AP at 12 months.

The degree of healing in the teeth with AP at the first-year
follow-up was slightly but not significantly better in the
BIOAP group than in the PCSAP group, confirming the va-
lidity of both the established and the relatively new technique.

Interestingly, in the BIOAP group, all teeth with extensive
lesions with an initial PAI of 5/4 showed a significant reduc-
tion in the PAI to 3/1 at 12 months (Fig. 2a). This result seems
promising, since the odds of healing for AP decrease for larger
lesions [3, 38]. Unfortunately, the roots were not matched in
terms of the PAI in the two groups when the study was started.
The potential benefits of the single-cone/bioactive sealer com-
bination are that this technique is simple and can be
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Fig. 1 a PAI value distribution
per treatment group at every
follow-up—general samples. b
Median values of PAI over time
per treatment group—general
samples

Table 2 Between-group comparison in terms of the two outcomes (healing and survival) in the general samples and subsamples

All teeth (N = 69) Teeth with AP (N = 52)

BIO group (n = 39) PCS group (n = 30) Test BIOAP group (n = 28) PCSAP group (n = 24) Test

Healed No 9 (23.08%) 13 (43.33%) 0.0735* 9 (32.14%) 12 (50%) 0.1908*
Yes 30 (76.92%) 17 (56.67%) 19 (67.86%) 12 (50%)

Survival No 1 (2.56%) 2 (6.67%) 0.4074* 1 (3.57%) 1 (4.17%) 0.9114*
Yes 38 (97.44%) 28 (93.33%) 27 (96.43%) 23 (95.83%)

*Test for the equality of proportions
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implemented with a more conservative root canal preparation,
and the biocompatibility of the sealer is reportedly optimal [11,
12, 39].

To the best of our knowledge, this is the first clinical trial that
has compared the outcomes of the treatment of teeth obturated
with a bioactive sealer and a single cone and teeth subjected to
warm vertical compaction with gutta-percha and a ZOE sealer,
which is a standard endodontic procedure for obturation [9].
These results are encouraging and consistent with those obtain-
ed from a recent retrospective study by Chybowski et al. [38],
who reported an overall healing rate of 83.1% after an average
of 30.1 months for 307 teeth that were endodontically treated or

retreated with a bioactive sealer (EndoSequence Bioceramic
Sealer, BC; Brasseler USA, Savannah, GA) and the single-
cone technique. The better results obtained in their study are
probably related to the longer follow-up time compared with
that used in this initial prospective report. Unfortunately, the
two investigations are not fully comparable because the tested
sealers were both bioactive but different, and the authors dichot-
omized the outcomes as either healed or healing cases, all of
which were considered “successful”, while we used strict
criteria [3, 4]. Furthermore, in the other study, four endodontists
performed the RCTs using different protocols in private prac-
tices, while in this study, four residents performed the RCTs in
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Fig. 3 Representative case from
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BioRootTM RCS group, at month
0 (a) and 12 months follow-up
(a1). Representative case from the
warm vertical compaction of
gutta-percha with zinc oxide-
eugenol sealer group, at month 0
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a university setting with the same protocol. These differences
make the data collected for single-cone obturation with a bio-
active sealer in this study even more reliable. The most inter-
esting difference in the results of the two clinical studies is that
Chybowski et al. [38] found a negative predictive value for
healing for lesions > 5 mm, while we observed a fast reduction
in the sizes of larger lesions at 12 months (Fig. 2a).

Among the limitations of this study, the number of patients
enrolled was not high, which reduces the statistical power of
the research and produces extreme variability in the dental
conditions, which may lead to obvious difficulties in the com-
parisons of the samples (Fig. 3).

Conclusion

Based on the findings of this pilot investigation, it is possible to
advance the hypothesis that the use of a bioactive sealer togeth-
er with the single-cone obturation technique may represent a
good filling alternative to the use of warm vertical compaction
with GP and ZOE sealer. To confirm this hypothesis, the cases
included in this report will need to be followed up for a longer
period of time, and further trials should be performed.
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