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Abstract: Background: Recently several calcium silicate flowable sealers have been introduced as
endodontic materials for the root canal. This clinical study tested the use of a new premixed calcium
silicate bioceramic sealer in association with the Thermafil warm carrier-based technique (TF). Epoxy-
resin-based sealer with the warm carrier-based technique was the control group. Methodology:
Healthy consecutive patients (n = 85) requiring 94 root canal treatments were enrolled in this study
and assigned to one filling group (Ceraseal-TF n = 47, AH Plus-TF n = 47) in accordance with operator
training and best clinical practice. Periapical X-rays were taken preoperatively, after root canal
filling and after 6, 12 and 24 months. Two evaluators blindly assessed the periapical index (PAI)
and sealer extrusion in the groups (k = 0.90). Healing rate and survival rate were also evaluated.
Chi-square tests was used to analyze significant differences between the groups. Multilevel analysis
was performed to evaluate the factors associated with healing status. Results: A total of 89 root canal
treatments in 82 patients were analyzed at the end-line (24 months). The total drop-out was 3.6%
(3 patients; 5 teeth). A total of 91.1% of healed teeth (PAI 1-2) was observed in Ceraseal-TF, with 88.6%
in AH Plus-TF. No significant difference was observed on healing outcome and survival among the
two filling groups (p > 0.05). Apical extrusion of the sealers occurred in 17 cases (19.0%). Of these,
6 occurred in Ceraseal-TF (13.3%) and 11 in AH Plus-TF (25.0%). Three Ceraseal extrusions were
radiographically undetectable after 24 months. All the AH Plus extrusions did not change during
the evaluation time. Conclusions: The combined use of the carrier-based technique and premixed
CaSi-based bioceramic sealer showed clinical results comparable with carrier-based technique and
epoxy-resin-based sealer. The radiographical disappearance of apically extruded Ceraseal is a possible
event in the first 24 months.

Keywords: carrier-based obturation; bioceramic sealers; calcium-silicate-based root canal sealer;
calcium silicates; calcium silicate cements; bioceramics; periapical healing; apical extrusion; premixed
CaSi; flowable CaSi; gutta-percha carrier endodontic

1. Introduction

Calcium silicate cements (CaSi) were introduced in clinical use more than twenty years
ago as root-end filling materials for their hydraulic properties [1,2].

Afterwards, thanks to the continuous modification of their chemical composition and
mechanical properties, CaSi cements have been proposed as sealers for cold obturation
techniques [3-5]. Recently, the formulation of these materials (now named “bioceramics”)
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changed from powder-liquid to premixed, flowable, “ready to use materials” [6-10]. Sev-
eral CaSi-based (i.e., mainly containing CaSi particles) and CaSi-containing (i.e., containing
minor amounts of CaSi) sealers are now available.

Ceraseal is a premixed CaSi-based bioceramic sealer which includes tricalcium silicate
(20-30%) and dicalcium silicate (1-10%) as bioactive components. Zirconium dioxide is
the radiopacifier (45-50%) [11]. The chemical-physical properties have been investigated
in only two studies [11,12]. These studies reported lower radiopacity, lower setting time
and similar flowability when compared to AH Plus [11,12]. The ability to release calcium
and to alkalize the environment was reported in one recent in vitro study [11]. These
properties appear attractive for their clinical use in warm filling techniques, such as the
warm carrier-based gutta-percha technique.

The clinical advantages of the warm carrier-based gutta-percha technique are well
documented, including the easiness of the use, short learning curve, reliability in obtain-
ing technical results [12-15] and adequate clinical results [15-18]. Traditionally, warm
procedures such as carrier-based ones are associated with the use of epoxy-resin-based
sealers [13]. Previous studies on carrier-based techniques reported success rates ranging
from 81 to 96% after 3-5 years [15,16,18,19]. One of the drawbacks of the warm carrier-
based technique is the higher risk of sealer extrusion in the periapical bone area [16,18].
In this context, the use of a CaSi-based bioceramic sealer may be clinically attractive in
case of periapical extrusions. Clinical data on CaSi-based sealers used with cold filling
techniques have been reported in recent short-term studies (12 months), reporting high
percentages of success [20-22]. No clinical study reported the use of Ceraseal with warm
carrier-based techniques.

This clinical study analyzed the use of a new premixed CaSi-based bioceramic sealer
in association with the warm carrier-based technique. Epoxy-resin-based sealer with the
warm carrier-based technique was the control group. The null hypothesis was that both
filling techniques and sealers provide a similar outcome after 24 months.

2. Materials and Methods
2.1. Study Design and Sample

This prospective cohort study was conducted between May 2019 and March 2022.
The patients were treated in the Endodontic Clinical Section, Dental School, University of
Bologna. Patients were treated by a pool of postgraduate master students in accordance
with standardized protocols and under the strict supervision of the experienced tutors of
the master degree. The study was approved by the local ethical committee as a prospective
cohort study (OUTENDOPROSP; CE 20079).

All patients were treated according to the principles established by the Declaration
of Helsinki as modified in 2013 [23]. Before enrolment, written and verbal information
were given by the clinical staff and each patient gave their written consent according to
the above-mentioned principles. An additional signed informed consent was obtained
from all patients concerning the acceptance of the treatment plan and to follow the hygiene
program. This study was designed according to the STROBE checklist [24] and to the
guidelines published by Dodson in 2007 [25].

2.2. Sample Size

The sample size was estimated before the recruitment of patients. The primary out-
come was the survival status of teeth after root canal treatment with 2 different filling
techniques. We assumed a 24-month survival rate of 0.80-0.90, according to previous stud-
ies [15,16]. Accepting a probability of a non-significant decrease in endodontic survival rate
of 0.10 for patients whose teeth were filled with flowable premixed CaSi-based bioceramic
sealer, we calculated that to test the null hypothesis of the equality of treatment at « = 0.05
with 80% power, a total of 40 teeth per group was considered sufficient. This number
was increased to 47 per group (94 root canal treatments) to compensate for losses during
follow-up.
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Table 1 summarizes the criteria for the inclusion in the clinical protocol. Exclusion
criteria are reported in Table 2.

Table 1. Inclusion criteria.

v Aged 18-75 years

v Healthy status (ASA 1 or 2)

v No use of antiresorptive or antiangiogenic drug

v Needing one or more root canal treatments

Table 2. Exclusion criteria.

v ASA >3

v  Lack of occlusal contacts

v Heavy smoking (>15 cigarettes/day)
v Pregnancy or breast feeding

v Teeth with fewer than 2 walls of structural integrity

v Any pathology that could compromise bone healing or the immune response
v Malignant disease directly involving the jaws

v Exposure to radiation therapy focused on the head and neck region

Patient enrolment started in May 2019 and ended in February 2020. During this period,
129 patients went in the endodontic clinical section in need of root canal treatment. Of these,
17 were excluded as unable to attend to regular follow-up examinations, 8 for geographical
location (patients from other cities), 3 for presenting with multiple fixed rehabilitations,
1 for medical conditions, 15 for a tooth with insufficient structural integrity or for the tooth
being considered hopeless (Figure 1).

129 patient visited the endodontic
clinical section in need for root canal
treatment from May 2019 and
February 2020

85 patients fulfilled the inclusion
criteria and were enrolled.
N= 94 root canal treatments

44 patients excluded due:
17 unable to attend to follow-up
8 for geographical location
1 medical condition
3 presented multiple fixed
rehabilitations
15 presented a hopeless tooth

1 patients died
N= 1 root canal

2 patients did not comply to follow-up
N= 4 root canals

82 patients with

N= 89 root canal were analysed

Post graduate Master Students
Trained with Ceraseal

Group |
(Ceraseal +TF):
N=45

Figure 1. Flow chart of the study, patient enrolment and group constitution.

Post graduate Master Students
Trained with AH Plus

Group 2
(AH Plus+TF):
N=44
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2.3. Root Canal Treatment Procedures

Root canal treatments adhered to a standardized operative protocol. The procedures
were made under local anesthesia (Carboplyne 30 mg/mL Dentsply, Germany) and rubber
dam isolation.

For primary root canal treatment, a straight-line access was prepared using a diamond
bur mounted on high-speed water-cooled hand-pieces (Cefla, Imola, Italy). Working length
(WL) was determined at 0.5 mm from the radiographic apex with periapical radiographs
and an electronic apex locator (Root ZX, Morita Europe, Dietzenbach, Germany). Root
canals were first pre-flared with K-file instrumentation up to #15. Then, a series of NiTi in-
struments were used to shape the canals (Mtwo, VDW. Germany or Rotate, VDW, Munchen,
Germany). During the instrumentation, 5 mL of 5% NaOCI (Niclor 5, OGNA, Muggio,
Italy) were used as root canal irrigant. In the presence of calcified root canals, 3.0 mL of 10%
EDTA solutions was used as a calcium chelating agent. A final irrigation of 2.0 mL sterile
water was made before root canal filling procedures [26-28]. No intracanal medication was
placed in accordance with previous studies [26,29].

Secondary root canal treatments were performed using reciprocating NiTi instrumen-
tation (Reciproc Blue, VDW, Munchen, Germany) and ultrasonic tips (StartX Dentsply
Maillefer, Ballaigues, Switzerland).

An initial pathway was created with ultrasonic tips to approximately 4 mm in depth in
the gutta-percha. Reciproc Blue #25 was activated with a Silver Reciproc Endomotor (VDW,
Germany) using the “Reciproc All” program and gently inserted into the pathway and
pushed to remove the coronal part of gutta-percha [30]. The instrument was then removed,
and the material entrapped among the instrument threads was removed using a sterile
sponge. The working length was established at the apical constriction after the removal of
filling debris using periapical radiographs and an electronic apex locator (Root ZX, Morita
Europe, Dietzenbach, Germany).

Then, an apical enlargement was performed using Reciproc Blue #40 that was gently
forced to the apex, avoiding excessive pressure on the root canal wall.

During the instrumentation, 5 mL of 5% NaOCI (Niclor 5, OGNA, Muggio, Italy) were
used as the root canal irrigant. In the presence of calcified root canals, 3.0 mL of 10% EDTA
solutions was used as a chelating agent. A final irrigation of 2.0 mL sterile water was
made before the root canal filling procedures [26,27]. When necessary, a dental surgery
microscope (Pico, Zeiss, Germany) was used to detect the access to root canal orifices and
to identify the presence of residual filling materials.

2.4. Root Canal Filling Techniques and Filling Group Constitution

The premixed CaSi-based bioceramic sealer (Ceraseal, MetaBiomed, Cheongju, Repub-
lic of Korea) was used in association with the warm carrier-based technique (Thermafil,
Dentsply, Konstanz, Germany). The sealer contained tricalcium silicate (20-30%), dicalcium
silicate (1-10%), tricalcium aluminate (1-10%), zirconium dioxide (45-50%) and thicken-
ing agents [11]. Epoxy-resin-based sealer (AH Plus, Dentsply, Konstanz, Germany) in
association with the warm carrier-based technique was used as a clinical control.

The root canal filling treatments were performed by 2 different operator groups previ-
ously trained for only one technique. Before the start of the study, (February—April 2019)
post-graduate operators (n = 12) of the Master Program in Endodontics were randomly
assigned to receive a full training course on the clinical use of the warm carrier-based
technique with Ceraseal (Ceraseal-TF) or the use of the carrier-based technique with AH
Plus (AH Plus-TF).

In both filling groups, the carrier was pre-heated using a dedicated obturation oven
(Thermaprep obturator oven, Dentsply, Konstanz, Germany)

Ceraseal-TF (Ceraseal with Thermafil): Ceraseal was applied with a K-file #20 inserted
into the canal to reach the WL—3 mm and gently moved around the root canal walls. Pre-
heated carrier was inserted in the canal at WL—0.5 mm. The carrier excess was removed
with a round bur.
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AH Plus-TF (AH Plus with Thermafil): AH Plus was prepared, mixed and immediately
inserted into the root canal using a K-file #20 to reach the WL—3 mm and gently moved
around the root canal walls. Pre-heated carrier was inserted in the canal at WL—0.5 mm.
The carrier excess was removed with a round bur.

Finally, each filled root canal was sealed by a small cotton pellet and a hygroscopic
radiopaque temporary restoration (Coltosol, Coltene, Switzerland).

2.5. Tooth Restoration

The post-endodontic restoration protocol was similar in the 2 groups. Two weeks
after root canal filling, the temporary restoration was removed using ultrasonic tips, and
crown was restored under rubber dam isolation. Self-etching dentinal bonding agent
primer and bonding (Clearfil SE BOND, Kuraray, Osaka, Japan) were applied, photo-cured
(Elipar 3M ESPE, St. Paul, MN, USA) for 30 s and layered by flowable (G-Aenial Flow,
GC Corporation, Tokyo, Japan) and composite (G-Aenial, GC Corporation) resins. The
composite was incrementally applied with 1.0 mm layers and photo-cured for 30 s. All
definitive restorations were occlusally loaded. No post was applied in any cases.

When indicated, provisional and definitive prosthetic rehabilitations were performed
after approx. 6 months or later from root canal fillings.

2.6. Radiological Evaluation

Periapical radiographs were taken after the root canal filling using a parallel technique.
The following parameters were used: the target-film distance was approx. 30 cm, with 0.41 s
exposure at 70 kV and 8 mA. The radiographs were developed in a standard developer
unit at 25 °C, (Euronda s.p.a., Vicenza, Italy), with 12 s developing time and 25 s fixing
time, according to the manufacturer instructions. Patients were asked to undergo a new
X-ray, when these characteristics were not fulfilled.

The filling was considered “adequate” when the carrier was detected at 0-1.0 mm
from the radiological apex. Overfilling and short filling were recorded.

Each patient was monitored at 6 (T6), 12 (T12) and 24 (T24) months follow-up by
trained operators during a routine hygiene appointment. X-rays were digitalized using a
slide scanner with a mean resolution of 1000 dpi and a magnification factor of x20.

The periapical index (PAI) [31] was used to score the preoperative diagnosis and the
endpoint evaluations. PAI was evaluated in single blind by two additional operators (who
did not participate in the root canal treatment) at baseline, at T6, T12 and T24 after root
canal treatment. The presence of sealer extrusion was recorded and measured (in mm
on the long axis diameter) on each periapical X-ray using open-source software (Image J,
Bethesda, MD, USA). According to the long axis diameter, extrusions were categorized into
4 groups: 0 mm, 0.1-1.0 mm, 1.1-3.0 mm and >3 mm.

PAI calibration was performed using well-defined instructions and periapical ra-
diographs with different periapical lesion scores (weighted kappa value, k = 0.90 for
intra-operator assessment and k = 0.90 for inter-operator assessment).

2.7. Definition of Success and Survival Criteria

Teeth were defined as healed if they demonstrated no signs of periapical lesion (PAI
1-2) and no other clinical signs of symptoms (pain, mobility, fistula, swelling). These teeth
defined the success rate [26].

The endodontic lesion group was defined when periapical radiolucency (PAI score > 3)
was detected during follow-up. A subdivision was made to discriminate between healing or
stable lesions (improved or stable PAI during the follow-up) or worsened lesions (improved
PAI during the follow-up)

The total of healed teeth and endodontic lesion teeth constituted the survival rate of the
study [26]. The cause of extractions during the follow-up was recorded in a spreadsheet.
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2.8. Statistical Analysis

Analyses were performed using Stata 17 software (StataCorp LLC, College Station,
TX, USA). Chi-squared and Fisher exact tests were used to evaluate differences in the
parameter distribution between the 2 filling groups. Preoperative parameters were age (<30
vs. 30-55 vs. >55 years), gender (female vs. male), tooth location (anterior vs. premolar
vs. molar) and pre-operative PAI (1-2 vs. 3-5). Intraoperative parameters were endodontic
treatment (primary treatment vs. secondary treatment), obturation quality (underfilled
vs. adequate filling vs. overfilled), sealer extrusion (yes/no) and diameter of extrusion
(0 mm vs. 0.1-1.0 mm vs. 1.1-3.0 mm vs. >3.0 mm). The post-operative parameter was
definitive restoration (composite vs. crown). Multilevel mixed-effect logistic regression was
performed to determine the parameters related to healed status. This outcome measure
was dichotomous as healed status included all teeth that did not present a periapical lesion
after 24 months (PAI score 1-2) while the endodontic lesion group (non-healed) included all
teeth that revealed a periapical lesion after 24 months (PAI score 3-5).

The analysis was carried out at patient and tooth level. Age and gender were set as
person-specific fixed effects, while clinical parameters (filling technique, tooth location,
diagnosis, initial PAI, endodontic treatment, obturation quality, sealer extrusion, diameter
of extrusion and definitive restoration) were set as tooth-specific random effects. The
clustering effect within patients was considered and estimates of coefficient standard errors
were adjusted using a robust estimator. Statistical significance was previously set at 0.050.

3. Results
3.1. Demographic Information

A total of 85 patients were initially enrolled with 94 root canal treatments. Total drop-
out consisted of three patients with five root canal treatments. At the end-line, 82 patients
with 89 root canal treatments were analyzed.

Information of preoperative, intraoperative and postoperative parameters between
the two obturation groups is reported in Table 3. The two groups were homogeneous and
did not significantly differ in almost all parameters (p > 0.05), with the only exception being
age (p = 0.020, Ceraseal-TF included a higher percentage of filled teeth in patients younger
than 30 years) and sealer extrusions (p = 0.040, Ceraseal-TF included a lower percentage of
root canal teeth with sealer extrusions).

3.2. Outcome Measures

Cumulative 24-month survival rate was 97.8% as two teeth were lost (2.2%); one was
filled with Ceraseal-TF and 1 with AH Plus-TF. The reasons for extraction were horizontal
root fracture in both cases. No clinical manifestations, including pain, fistulae, or swelling
were observed during the follow-up.

After 24 months, the percentage of healed teeth (teeth with no periapical lesion,
PAI < 3) was 91.1% (Ceraseal-TF) and 88.6% (AH Plus-TF), respectively. No differences
were observed between the groups (Pearson chi square = 0.9427, p = 0.624; Fisher exact
test = 0.714) (Table 4).

Table 5 reports the comparison of healed status between the two filling groups accord-
ing to the operative parameters. Some parameters showed differences in the percentages
of healed teeth, such as tooth location, initial PAI, type of endodontic treatment, sealer
extrusion, and diameter of extrusion (Table 5).
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Table 3. Demographic characteristics of root canal treatment followed-up in the study. Data expressed

as number of root canal treatments (n) and their percentage (%) of the total sample. Bold indicates

statistically significant differences (p < 0.05).

Parameters Ceraseal-TF AH Plus-TF Chi Square Test
<30 15 (33.3) 7 (15.9) .
Age 30-55 12 (26.6) 19 (43.8) Chl_‘ol(l)ﬁ)%
>55 18 (40.0) 18 (40.9) p=0
Cender Males 18 (40.0) 20 (45.4) Chi = 0.810
Females 27 (60.0) 24 (54.6) p =0.667
Incisors 10 (22.2) 4(9.1)
Canines 2(44) 2 (4.6) Chi = 8.400
Tooth type Premolars 11 (24.4) 10 (22.7) p=0.078
Molars 22 (48.8) 28 (63.6)
. Maxilla 27 (60.0) 29 (65.9) Chi =5.05
Tooth location /- dible 18 (40.0) 14 (31.8) p =0.080
Prosthetic
reasons 3 (6.6) 2 (4.6)
Dinenosis Pulpitis 15 (33.3) 17 (38.6) Chi = 15.672
& Pulp Necrosis 18 (40.0) 13 (29.5) p=0.109
Re-exacerbated 9 (20.0) 12 (27.2)
lesion
. PAI <2 19 (44.2) 21 (47.7) Chi = 0.5332
Initial PAL PAI >3 26 (55.8) 23 (42.3) p =0.052
Primary root
Endodontic treatment 36 (80.0) 32(72.2) Chi=1.05
treatment Secondary 9 (20.0) 12 (27.8) p =0.608
treatment
. Underfilled 2 (4.4) 4(9.1) .
Of;ﬁtra“o“ Adequate filling 38 (84.4) 38 (86.3) Chl_‘o?géf
quaitty Overfilled 5(11.1) 2 (4.6) p=5
Sealer extrusion No 39 (86.6) 33 (75.0) Chi = 6.451
Yes 6 (13.4) 11 (25.0) p = 0.040
Lons axis 0 39 (84.4) 33 (75.0)
o mg o 0.1-1.0 mm 2 (4.4) 3(6.8) Chi =5.53
Ximeieno 1.1-3.0 mm 1(2.2) 6 (13.6) p=0477
EXIrusio >3.0 mm 3 (6.6) 2 (4.5)
Definitive Composite 36 (80.0) 37 (84.1) Chi=1.678
restoration Crown 9 (20.0) 7 (15.9) p=0.416
Total 45 44

Table 4. Percentage of healed, healing and extracted teeth after 24 months in the two groups. Data

expressed as number of root canal treatments (n) and their percentage (%) of the total samples.

n Healed Healing Extracted
Ceraseal-TF 45 41 (91.1) 3 (6.8) 1(2.3)
AH Plus-TF 44 39 (88.6) 4(9.2) 1(2.2)
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Table 5. Comparison of healed status in the two filling groups in terms of pre-operative and intra-

operative parameters. Data expressed as number of root canal treatments (n) and their percentage

(%) of the total sample.

Parameters Ceraseal-TF AH Plus-TF
n Healed Healing n Healed Healing
<30 15 15 (100) 0 (0) 7 7 (100%) 0(0)
Age 30-55 12 11 (91.6) 1(8.4) 19 16 (84.2%) 3(15.8)
>55 17 15 (88.2) 2(11.8) 17 16 (94.1%) 1(5.9)
Cend Males 17 16 (94.1) 1(5.9) 19 18 (94.7%) 1(5.3)
ender Females 27 25 (92.5) 2(7.5) 24 21 (87.5%) 3 (12.5)
Incisors 10 7 (70) 3 (30) 4 4 (100) 0(0)
Tooth Canine 2 2 (100) 0 (0) 2 2 (100) 0(0)
type Premolars 10 10 (100) 0 (0) 10 9 (90) 1 (10)
Molars 22 22 (100) 0 (0) 27 24 (88.8) 3(11.2)
Tooth Maxilla 26 23 (88.4) 3(11.6) 29 27 (93.1) 2(6.9)
location Mandible 18 18 (100) 0 (0) 13 11 (84.6) 2 (15.4)
Initial PAT PAI <2 18 18 (100) 0 (0) 20 20 (100) 0 (0)
nitia PAI >3 26 23 (88.4) 3 (11.6) 23 19 (82.6) 4(17.4)
Prosthetic
reasons 3 3 (100) 0 (0) 2 2(100) 0 (0)
Diagnosis Pulpitis 14 14 (100) 0 (0) 16 16 (100) 0(0)
Pulp necrosis 18 18 (100) 0(0) 13 12 (92.3) 1(7.7)
Re-
exacerbated 9 6 (66.6) 3(33.4) 12 9 (75) 3(25)
lesion
. Primary root
Endodontic (o2 35 35 (100) 0 (0) 31 30 (96.7) 1(3.3)
treatment Secon dary
oeatment 9 6 (66.6) 3(33.4) 12 9 (75) 3 (25)
. Underfilled 2 1 (50) 1 (50) 4 4 (100) 0(0)
Of;{i‘tra“"“ Adequate 37 37 (100) 0(0) 37 34 (91.8) 3(82)
quattty Overfilled 5 5 (100) 0 (0) 2 1 (50) 1 (50)
Extrusi No 38 37 (97.3) 1(6.7) 32 29 (90.6) 3(9.4)
xtrusion Yes 6 4 (66.6) 2 (33.4) 11 10 (90.9) 1(9.1)
L , 0 38 37 (97.3) 1(2.7) 32 29 (90.6) 3(9.4)
ong axis 0.1-1.0 mm 2 2 (100) 0 (0) 3 3 (100) 0(0)
diameter of
! 1.1-3.0 mm 1 1 (100) 0 (0) 6 5 (83.3) 1(16.7)
extrusion >3.0 mm 3 1(33.3) 2 (66.7) 2 2 (100) 0(0)
Definitive Composite 35 33 (94.2) 2(5.8) 36 32 (88.8) 4(11.2)
restoration Crown 9 8 (88.8) 1 (11‘2) 7 7 (100) 0 (0)

Multilevel-mixed logistic regression confirmed that only initial PAI and endodon-
tic treatment parameters were statistically associated with a different healing outcome
at 24 months (p < 0.05) (Table 6). A preoperative Initial PAI >3 and the presence of a
previous endodontic treatment were predictors of a non-healing status at 24 months.
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Table 6. Multilevel-mixed logistic regression of parameters related to healed status after 24 months.
Bold indicates significant values (p < 0.05).

Parameters Robust 95% Confidence Interval
Coefficient Standard Error p Value Lower Boundary Upper Boundary

Intercept 1.488 0.201 0.000 1.0953 1.882
Age —0.934 0.582 0.108 —2.075 0.206
Gender —1.125 1.036 0.277 —3.156 0.905
Tooth location 0.643 0.542 0.235 —0.418 1.706
Diagnosis 0.044 0.715 0.951 —1.358 1.447
Initial PAI —0.134 0.047 0.005 —0.228 —0.040
Endodontic treatment —2.347 0.956 0.014 —4.216 —0.461
Filling technique 0.398 0.484 0.410 —0.551 1.348
Obturation quality —1.60 0.917 0.081 -3.39 0.197
Sealer extrusion 0.410 0.995 0.680 —1.540 2.360
Diameter of extrusion —0.099 0.064 0.124 —0.2271 0.027
Definitive restoration —0.609 0.435 0.162 —1.463 0.244

3.3. Sealer Extrusion and Sealer Resorption

Table 7 reports the apically extruded sealer modifications in Ceraseal-TF and AH Plus-
TF groups. Ceraseal-TF displayed 6 extrusions out of 44 root canal treatments (13.3%), while
AH Plus-TF displayed 11 extrusions (25%). Three apical extrusions in the Ceraseal-TF group
were resorbed after 24 months, and the other three were stable. Graphs reporting the sealer
radiographical modification during follow-up are reported in Figure S1, Supplementary
Materials. Representative periapical X-rays on apical extruded sealer modifications are
reported in Figures 2 and 3.

Table 7. Modifications of apical extrusions at 24 months according to the two filling groups. Data
expressed as number of root canal treatments (n) and their percentage (%) of the total sample.

n Stable Resorbed Total
Ceraseal-TF 45 3(6.8) 3(6.8) 6 (13.3)
AH Plus-TF 44 11 (25) 0(0) 11 (25)

Figure 2. Ceraseal-TF group. (A) Tooth #25 presented a large periapical lesion (PAI 5) and a wide
apical diameter (& 45). (B) Apical extrusion of the sealer occurred during the root canal filling
procedures. (C) Apical extrusion was almost completely resorbed after 24 months.
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Figure 3. Ceraseal-TF group. (A) Tooth #25 was treated due to deep carious lesion and irreversible
pulpitis. (B) Follow-up at 12 months from root canal filling (C) Note that apically extruded sealer
showed a slight resorption after 24 months.

AH Plus-TF displayed 11 extrusions out of 44 root canal treatments (25%). The size
and morphology of the resulting extrusion was stable and well-detectable after 24 months
(Table 7 and Table S1, Supplementary Materials). One case of root canal treatment filled
with AH Plus-TF is reported in Figure 4.

Figure 4. (A) Pre-operative periapical X-ray of a root canal treatment filled with AH Plus-TF group.
Tooth #15 presented a deep caries lesion (PAI = 1). (B) No sealer extrusion was observed after
root canal filling. (C) Follow-up at 24 months. Periapical area appears healthy with no signs of
periapical exacerbation.

4. Discussion

This clinical study innovatively tested the use of a premixed CaSi-based bioceramic
sealer with the warm carrier-based gutta-percha technique and demonstrated similar results
when compared to epoxy-resin-based sealer used with the warm carrier-based techniques.
Both filling procedures reported a high success rate (around 90%) after 24 months.

In the present study, all the treatment procedures were conducted by post-graduate
master operators after 3 months of specific training and under the strict supervision of the
University Dental School tutors. The possibility of using warm carrier-based techniques
in association with a premixed CaSi-based bioceramic sealer is useful and attractive for
root canal obturation, as it combines the advantages of a carrier-based technique with the
biological and bio-interactive properties of the sealer.

CaSi materials showed innovative properties including the ability to set in a wet
environment and to release biologically active ions [32-34], to expand [35-37] and to
nucleate an apatite layer in phosphate-containing solutions [32,38—41]. Several studies
reported a positive bio-interaction with periapical tissues and mineralizing cells [40,42-44]
and osteoinductive properties with dynamic biomineralization processes [45].

These properties represent the rationale for the design of hydrophilic bio-interactive
CaSi-based sealers and justify the expected good clinical outcome.
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A warm carrier-based technique was selected as it is widely considered the “gold stan-
dard” obturation technique [15,16,18,46]. Moreover, it is easier and more reproducible than
other clinical techniques when proposed in a post-graduate master program, as reported
in a large number of studies [15,16,18,46]. No previous studies clinically tested premixed
CaSi-based bioceramic sealers with warm obturation techniques. The effect of heat applica-
tion on CaSi-based sealers has been investigated in different in vitro studies [47-49]. Sealer
dehydration and the degradation of organic components was observed on CaSi-based
materials at high temperatures (100-225 °C degrees). Setting time, flowability [47-49] and
film thickness [48] were critically affected. High temperatures may induce the thermal
degradation of polyethyleneglycole (PEG), the water-soluble solvent included in the pre-
mixed sealer [49]. Actually, in vivo temperature is significantly lower than those reported
in the previous studies. Donnermeier et al. demonstrated a maximum temperature rise
to 58 °C when using warm-filling techniques [50]. Therefore, only limited modification of
Ceraseal physical properties are expected when applied with a carrier-based technique.

In the present study, the percentage of periapical healing increased from the initial
preoperative status in both groups. The percentages of healed teeth (PAI 1-2), and the
survival rate was similar in both groups. It is important to underline that no new periapical
lesions or apical re-exacerbation was observed during the study.

Ceraseal-TF groups showed lower a percentage of periapical sealer extrusions (13.3%)
when compared to the AH Plus-TF group (25%), which is likely attributable to the different
chemical and physical properties of the two sealers. AH Plus used with warm techniques
increase its fluidity and ability to flow out of the apex and penetrate deeper inside dentinal
tubules [51]. Moreover, the radiopacity of AH Plus is markedly higher than Ceraseal (which
is clinically evident from the periapical radiographs shown in Figure 3) and this may explain
the high detectability and the greater diameter of the apically extruded AH Plus-TF.

It is known that the radiopacity of AH Plus is one of the highest among the current
sealers, ranging from 10.00 mmAl to 11.8 mmAl [52,53]. Authors found Ceraseal radiopacity
to be around 6.5 mmAl in a recent study [11]. The lower radiopacity of Ceraseal may
require a greater volume of apical extrusion to be detected as a radiopaque mass in the
periapical area.

In our study, three Ceraseal extrusions were resorbed and completely undetectable
after 24 months. On the other hand, AH Plus extrusions proved stable results in all observa-
tional times. Our data on the stability of apically extruded AH Plus are in accordance with
previous studies [54,55]. Limited information is reported regarding apical extrusion modi-
fication on CaSi-based sealers (and Ceraseal). Only two articles evaluated the frequency
of apical over-extrusions of premixed CaSi-based bioceramic sealers [20,56]. Interestingly,
both studies reported a higher apical over-extrusion of the premixed CaSi-based bioceramic
sealers when compared to epoxy-resin-based sealer. Both studies considered cold filling
techniques [20,56].

It should be underlined that the morphology and size of the extrusion is influenced
by root diameter and most likely by the presence of a periapical lesion. Indeed, we
found that the presence of periapical bone defects (observed in teeth with lesions PAI
3-5) were associated with sealer extrusions characterized by a circular morphology, while
the (radiographic) integrity of apical bone that enveloped the apex was associated with a
smaller extrusion (See Figures 2 and 3).

The effect of the periapical extrusion of the sealer on healing outcome has been debated
in the literature. We would underline that the biological response to the extruded sealer
strongly depends on the chemical composition of the material, on its release of biologically
relevant ions or toxic components. A previous study reported that sealer extrusion lead to
an unfavorable healing outcome as the sealer may act as a chronic source of inflammation
in the periapical tissues [57]. More recent studies [54,55,58] found a not-significant effect of
traditional extruded sealers on healing outcome.

We highlight that a different behavior in a biological environment must be supposed
for Ceraseal and other premixed CaSi-based bioceramic sealers. The solubility of CaSi-based



J. Funct. Biomater. 2023, 14, 164

12 of 16

sealers was, in vitro, associated with high calcium release and was related with bioactivity
(the ability to nucleate apatite), and with the consequent modification of the sealer structure
in the apical region [32,39,43,59—-61]. Animal models confirmed the bioactivity and the
sealing ability of previous CaSi-based materials [62]. On the other hand, epoxy-resin-
based sealers completely set and remained chemically and dimensional stable and inert in
biological tissues, as demonstrated in a recent study [63].

The solubility of premixed CaSi-based sealers may be correlated with the (radio-
graphic) disappearance of extruded sealers (Figure 2). The solubility of CaSi-based materi-
als has been interlinked with their high calcium release [7,64,65]. The release of biologically
active ions exerts a positive role in activating mineralizing stem cells [44,66]. CaSi compo-
nents showed the ability to activate bone marrow cells [59], adipose-derived mesenchymal
stem cells [67] and other cell types [68], in relationship with their biointeractive propri-
eties [32,43-45,59]. This could be clinically useful when the CaSi sealer is extruded into
periapical bone defects or different bacteria-related bone resorptions.

Future studies are necessary to establish the long-term stability of the root canal seal,
to verify if the sealer resorption also occurs along the root canal.

The use of NaOCl and EDTA as root canal irrigant solutions create a deep deminer-
alized and deproteinized substrate [69] and increase dentin porosities and permeability,
which are all conditions that may be responsible for root fracture. CaSi-based sealers can
induce a new interfibrillar mineralization of demineralized dentine collagen, a mechanism
described as dentin biomineralization [37,70-72]. Moreover, CaSi-based sealers showed,
in vitro, their ability to penetrate into dentinal tubules of radicular dentine and to improve
their sealing over time by filling potential interface voids [73] and by forming apatite [38]
with associated dentine remineralization [38,70,71]. This is a further biological rationale in
support of the use of CaSi-based sealers.

In the present study, instrumentation techniques were similar in the two groups and
adhered to a standardized operative protocol. Root canal instrumentation were performed
with NiTi rotating systems—having a similar final diameter (0.25), taper (0.06) and cross
section (S-shape)—in presence of primary root canal treatment, whereas a NiTi reciprocating
system was used for secondary root canal treatment.

A K-file #10 and 15 manual stainless system was used only for the initial preliminary
scouting step and WL establishment. The technique was adopted to prevent any influence
from the type of instrument.

All post-graduate master students were skilled in the use of the rotary and reciprocat-
ing instruments. All efforts were made to follow the principles of best clinical practice.

Preoperative tooth condition and a different initial diagnosis may influence root canal
treatment healing (as reported in the multilevel analysis in Table 5). A long healing time
increases the risks of apical reinfection in teeth affected by pulp necrosis or periapical
abscesses [74-76], due to the presence of highly pathogenic Gram-negative anaerobic
bacteria (as Porphyromonas Gingivalis, Tannerella Forsithia, Prevotella Intermedia) found in
several clinical studies [76,77].

The study has some limitations including the short follow-up (24 months) and the
prospective study design. A 24-month period may appear inadequate for the complete
healing of teeth with a previous periapical lesion. ESE guidelines recommend a minimum
period of 4 years to state the healing [78]. However, both groups showed a similar healing
outcome and no periapical lesion re-exacerbation.

We highlight that primary and secondary root canal treatments were not separately an-
alyzed, leading to a potential bias in the presentation of the tooth survival results. Another
limit could be considered the randomization of the operators. We decided to randomize
the operators considering the importance in obtaining experience and confidence with the
clinical use of premixed CaSi-based sealers, in particular with a warm technique. Therefore,
we deemed it important to create a homogeneous group of trained operators. In this way,
only the randomly selected operator was able enough for the treatment with a specific
material and technique. Technical skills did not influence the clinical outcome, as no root
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canal perforations or iatrogenic complications occurred. Data on survival and success rate
are high and in line with previously studies reporting an average success rate of 81-96%
after 2-5 years [14,15,17,46]. For these reasons, the impact of the skills of post-graduate
master students on the root canal treatment outcome was considered negligible.

5. Conclusions

The study supports the clinical use of premixed CaSi-based sealer with the warm
carrier-based technique. The two techniques showed a comparable clinical outcome.

The study demonstrated that premixed CaSi-based sealer had less radiopacity, lower
extrusion occurrence, but higher radiographic disappearance when apically extruded. This
condition is likely in relationship with its solubility and calcium release. Interestingly, the
sealer extrusion did not affect the healing outcome of root-canal-treated teeth.

Solid clinical scientific data may support the use of a flowable CaSi bioceramic sealer
with a warm carrier-based gutta-percha technique and reduce some of the limits of epoxy-
resin-based sealers. Further long-term studies may be important to validate these new
filling materials.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jfb14030164/s1, Figure S1: Graphs reporting the cases where
sealer apical extrusion occurred. Periapical radiographs during the follow-up at 6, 12 and 24 months
revealed the complete radiographical resorption of 3 extrusions in Ceraseal-TF group, one at 6 months
and 2 at 12 months respectively. Differently, AH Plus-TF extrusions were stable along all the
24 months follow-up; Table S1: Quantification of radiographic apically extruded sealer in rela-
tion to PAI. Ceraseal +TF group displayed radiographic resorption of the sealer, while AH Plus+TF
displayed no modification of extruded sealer.
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