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Abstract

The aim of the study was to compare the sealing of two different core techniques (SoftCore and
Guttafusion) associated to a bioceramic sealer (NeoSealer Flo). Eight tooth models (upper first molar)
with simulated canals were used in this study. The models were divided into two groups: Group 1
(samples 1 to 4): Root canals were obturated with GuttaFusion. Group 2 (samples 5 to 8): Root canals
were obturated with SoftCore. Both groups were filled with NeoSealer Flo sealer. Only the P and DV
canals were obturated for each model. The models were sectioned at Imm and 3mm from the apex.
The total area of each canal segment was measured, and the areas were converted into the percentage
of “Gutta-percha-filled areas”, ” Cement-filled areas”, “Void areas”. At Imm from the apex
GuttaFusion (GF) produced a higher PGFA and a lower PSFA value compared to SoftCore (SC).
Additionally, SC produces a higher PGVA compared to GF. The values of PGFA, PSFA, and PVA are
also comparable in the sections taken at 3mm from the apex. Comparing the two different techinques,
a higher PGFA in GuttaFusion (GF) and a higher PSFA in SoftCore (SC) were found, while the VA
was greater but comparable in both techniques, with a slight increase in percentage in the SC
technique. At 3 mm, a higher PGFA was found compared to the PGFA at 1 mm.

Keywords: core technique; SoftCore; Guttafusion; Bioceramic sealer; gutta-percha; sealer;
obturation system

1. Introduction

The primary objectives of endodontic treatment are achieving a three-dimensional filling of the
root canals with an atoxic, stable material, and creating an hermetically sealed apical area [1,2]. The
filling of the canals, prevention of communication between the periodontal and endodontic spaces, and
the mechanical preparation and irrigation are all essential steps to counteract the defense mechanisms
of bacteria [1-5]. Gutta-percha, along with cement, has been successfully used, like core materials, for
filling the root canal space. However, a hermetic seal cannot be achieved without the use of cement.
This is because gutta-percha is unable to adhere to the dentinal walls of the canals, and the cement plays
a critical role in filling imperfections and enhancing adhesion [6,7]. It has been reported that some
cements shrink during setting, while others are subject to dissolution when in contact with tissue fluids
[8,9]. Nevertheless, the amount of cement used should be kept to a minimum, while the amount of
gutta-percha should be maximized to the greatest extent possible in order to optimize the filling of the
canal [10,11]. Many techniques have achieved good adaptability for three-dimensional root canal
obturation. One of the first described is the hot vertical condensation technique. Among the more
modern techniques, SoftCore aims to fill the canal with heated “alpha guttapercha”, which contains a
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plastic carrier made of polysulfone [12,13]. In contrast, the Guttafusion technique, also a hot vertical
condensation core technique, uses a carrier made from crosslinked gutta-percha (hardened gutta-
percha with a modified lattice structure) [14,15]. To assess the quality of the root canal obturation,
techniques such as cross-sectional analysis of obturated canals, infiltration tests, and the combination
of both have been widely used. The methodology followed in our study is based on approaches used
in previous studies by significant authors [16-19]. Some previous studies [20,21] have evaluated the
possibility of avoiding the combination of endodontic cement with carrier-based obturation techniques.
However, in our view, there has been a continuous improvement over the years in root canal obturation
techniques, particularly in apical preparation, as many studies report good filling percentages and
effective minimization of void spaces. Our goal is to confirm the effectiveness of these techniques in
root canal obturation by minimizing excess cement and optimizing the space occupied by cement,
Gutta-percha and Void spaces. The two core techniques we compare, SoftCore and Guttafusion, will be
examined to evaluate their efficiency in cement usage and the quality of the canal filling. This
preliminary study aims to analyze two "core" root canal obturation systems: SoftCore and GuttaFusion,
using the NeoSealer Flo sealer, and to compare the results between them. The primary objective of this
study is to compare the percentage of the Gutta-Percha-filled areas in the canals obturated with
SoftCore and GuttaFusion, both with the same bioceramic sealer.

2. Materials and Methods

Eight identical models of upper first molars, made of resin (Figure 1), were examined. All the
models had simulated canals (canal P; canal DB; canal MB1 and canal MB2). For our study, canal P
and canal DB were chosen for each sample. The canals were instrumented to obtain the following
working lengths (WL) for each sample (Table 1).

Table 1. WL of instrumented canals.

Ref: MP cuspid
Apex: K-file (30)

Ref: DV cuspid
Apex: K-file (30)

SAMPLES P DB MB2 MB1
ROOT CANAL ROOT CANAL ROOT CANAL ROOT CANAL
1-8 WL: 22.5mm WL: 20.5 mm WL: 22 mm WL: 22 mm

Ref: MP cuspid
Apex: K-file (30)

Ref: MV cuspid
Apex: K-file (30)

Figure 1. element model used.
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The working length (WL) was determined using a #10 K-file (Dentsply Maillefer, Bellaigues,
Switzerland) until the tip of the instrument was clearly visible from the apical foramen. The
mechanical preparation was performed using only a reciprocating file from the “Zarc4Endo” series,
the Excalibur 25/05. The file was mounted on a Morita endodontic micromotor set to reciprocation
(150°/30° 450 rpm). During the preparation, the canals were irrigated using 30-G side-vented
syringes, with 2 mL of 5.25% sodium hypochlorite and 10 mL of 17% EDTA. Apical gouging was
verified using a #30 K-file. All the simulated canal samples were dried with paper points and then
grouped into two groups:

e  GuttaFusion (samples 1 to 4)
e SoftCore (samples 5 to 8).

A total of 16 CBO 25 obturators (ISO Red color) were selected, 8 for the first 4 samples and the
remaining 8 for the last 4 samples. The obturators were thermoplasticized using the SoftCore Oven
[22]. The NeoSealer Flosealer was used as the endodontic cement [23-25]. The samples were kept for
14 days at 37°C and 100% humidity to allow complete setting of the cement. The teeth were then
embedded in epoxy resin blocks (Buehler Ltd; Evanston, IL) (Figure 2).

Figure 2. element model embedded in epoxy resin.

The teeth were sectioned at 1 mm and 3 mm from the apex, orthogonally to their long axis, using
a 320-um disc cutter (Remet s.a.s., Bologna, Italy) (Figure 3a) with water cooling (Figure 3b). The
coronal face of the sections was polished with abrasive paper of decreasing grit (320, 1200, and 2500
grit) to obtain a smooth surface without obvious deformations [26]. The sections were analyzed using
a Nikon TS100-F microscope, with a modified light plane, at 40x magnification. Images were captured
with an iPhone 15 Pro Max camera (Apple Inc.). The images were analyzed in a nano compressed
TIFF format, and measurements were taken using Adobe Photoshop CS3 (Adobe, San Jose, CA). The
following areas were evaluated:
e  Gutta-percha area
e Cement area
e Void area

The values obtained were expressed as percentages of the total area (PGFA, PSFA, and VA). The
data were recorded in Excel tables (Microsoft), with corresponding pie charts and histograms.

Additionally, the percentage of error due to human error during the processing with Adobe Photoshop was
calculated, and this error was included in the total percentage.
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3a: 320-um cutting machine settings (Remet s.a.s. Bologna, Italy). 3.b: cutting machine in action.

Figure 3.

Images of two samples sectioned 3mm from the apex: the arrows indicate the sections of the DV
and P canals (Figure 4.a; Figure 4.b)

4.a:model 4 sectioned 3mm from the apex (GuttaFusion). 4.b: model 7 sectioned 3mm from the apex (SoftCore).

Figure 4.

Images of the same two samples from Figure 6 (Figure 6.a; Figure 6.b; Figure 6.c; Figure 6.d),
with 40x magnification on the palatal canal.
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Figure 6.c: model 4 (GuttaFusion, section 3mm). Figure 6.d: model 7 (SoftCore, section 3mm).

Figure 6.

2. Results

Comparing the two techniques with the endodontic cement, we found the following results at
Imm from the apex. GuttaFusion (GF) produced a higher PGFA and a lower PSFA value compared
to SoftCore (SC) (Graph 1). Additionally, SC produces a higher PGVA compared to GF. The values
of PGFA, PSFA, and PVA are also comparable in the sections taken at 3mm from the apex (Graph 2-
2.1-2.2). The values shown are clinically relevant but do not have a statistically significant value. Pie
charts are also provided for simplicity of evaluation (Graph 1.1-1.2). The PFSA values increase in the
SC technique compared to GF. Noting that the PSFA in SC occupies a good portion of the total %
area. In the SC technique, it was also observed that the VA is increased), while the VA in the GF
samples is decreased
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AVERAGE (%)

PSFA
MATERIALS
v SC ®GF

Graph 1. Percentage area of material at 1 mm from the apex palatal root.

4

* PGFA ™ PSFA = Void ¥ PGFA ™ PSFA = Void

Graph 1.1-1.2. Percentage area of material at 1 mm from the apex palatal root Illustrated in pie charts.

AVERAGE (%)

PSFA
MATERIALS

¥ GF wSC

Graph 2. Percentage area of material at 3 mm from the apex palatal root.
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¥ PGFA = PSFA w® Void ¥ PGFA ® PSFA = Void

Graph 2.1-2.2. Percentage area of material at 3 mm from the apex palatal root Illustrated in pie charts.

4. Discussion

The quality of root canal obturation, calculated through the percentage of gutta-percha, cement,
and void, was used to evaluate the differences in quality between the two core materials [27-29]. The
apical seal should create a tight seal, especially since only 3-4 mm of length remains in the canal after
post-space preparation. However, studies have shown that numerous lateral canals are present in the
apical third [30]. For this reason, sections at 1 mm and 3 mm from the apex—critical points for
evaluating the apical seal —were analyzed in this and other studies. In our study, comparing two
obturators with different core materials and endodontic cement, we found a higher PGFA in
GuttaFusion (GF) and a higher PSFA in SoftCore (SC), while the VA was greater but comparable in
both techniques, with a slight increase in percentage in the SC technique. However, as previously
mentioned, these results lack statistical significance but do have clinical relevance. Our study, based
on the measurements obtained, is consistent with the findings reported in reference studies. Previous
studies on gutta-percha core techniques, including SoftCore and GuttaFusion, report a higher gutta-
percha-to-sealer ratio compared to techniques like Microseal or System B. At 3 mm, our results show
a higher PGFA compared to the PGFA found at 1 mm (for the palatal canal). Some earlier studies
emphasized that Thermafil, like SoftCore, exhibited lower microleakage values compared to lateral
condensation techniques or System B. In our study, the two core techniques, when compared to other
studies conducted with different techniques, show that the PGFA is still acceptable at both 1 mm and
3 mm, albeit lower than that found with techniques like Microseal or System B, as reported in the
reference study for this preliminary study. On the other hand, SC and GF present a lower percentage
of VA and a higher PSFA at the second cutting level, indicating better cement adaptability.
Nevertheless, the obtained values align with the statistical evidence of the cases.

5. Conclusions
Based on the PSFA, we conclude that for core endodontic techniques, the use of cement is

important, if not essential, to achieve proper filling, particularly at 1 mm and 3 mm from the apex.
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