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Abstract: Introduction: The aim of the present study was to compare the quality of the root canal ob-
turation obtained with two different techniques, i.e., thermoplastic gutta-percha introduced through a
carrier (GuttaCore) and fluid gutta-percha (GuttaFlow2). Materials and Methods: The study included
40 permanent single-rooted human teeth, divided into two groups and obturated with Guttaflow
(group G) and with GuttaCore (group T). The teeth were fixed and transversely sectioned, they
were examined by scanning electron microscopy. The dentin–cement–gutta–percha interface and
the percentage of voids produced by the two techniques were statistically analyzed. Results: Gutta-
Core showed a better filling in the apical third of the canal with a percentage of voids equal to 5%.
GuttaFlow showed a lower percentage of voids in the middle and coronal thirds of the canal, 1.6%
of coronal voids. Statistical analysis showed a statistically significant difference in the percentage
of voids in the two groups (GuttaCore and Guttaflow2) in each portion. Conclusions: GuttaFlow2
seems to flow optimally in the middle and coronal third of the canal, with greater difficulty in filling
the apical third. Due to the rigidity of the carrier, GuttaCore is able to reach better the most apical
portions of the canals, with greater difficulty in creating the three-dimensional seal at the level of the
middle third and coronal third.

Keywords: three-dimensional seal; marginal gaps; GuttaCore; GuttaFlow; microleakage

1. Introduction

The formation of a three-dimensional seal is of fundamental importance in achieving
long-term success following root canal therapy. Endodontic therapy includes several
phases with specific goals. The first phase involves mechanical instrumentation and
chemical irrigation of the root canal with the primary objective of eliminating infected
tissue, microorganisms and their byproducts [1]. The next step is to perform obturation of
the root canal system that leads to the formation of a three-dimensional and hermetic seal
that is able to prevent any recontamination and also prevent periapical fluids to provide
nourishment to microorganisms that survived cleansing and shaping procedures, in order
to prevent possible multiplication [2]. In fact, it has been demonstrated that it is not
possible to carry out complete cleaning and disinfection of the root canals because of the
persistence of certain bacterial species [3]. The aim of endodontic treatment is therefore
to reduce bacterial populations to levels compatible with healing [4], followed by filling
the root canal system with a material capable of creating a three-dimensional seal in order
to prevent bacterial micro-infiltration, the main cause of reinfection and failure of root
canal treatment [5]. Gutta-percha is considered the gold standard material for root canal
fillings [6]. Due to its superior properties, it allows a significantly lower percentage of
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voids (1.02%) [7] compared to previously used materials. Through this study where we
compare two different root canal filling techniques we want to evaluate if one can be
considered better than the other. One of the most recent techniques involves filling the root
canal with “GuttaFlow2” fluid gutta-percha, using a cold filling technique. “GuttaFlow2®”
(Coltene/Whaledent, Altstatten, Switzerland) is a combination of gutta-percha powder,
poly-dimethylsiloxane, and silver particles. Its ability to expand slightly and its higher
flowability allow good adaptation to the root canal walls, with an average marginal gap
of 2.38 ± 1.43 µm [8] and good adaptation at the level of the apical third [9]. Moreover,
several studies have demonstrated the high biocompatibility and lower cytotoxicity of
GuttaFlow2 [10,11] compared to other root canal sealants (GP). Despite its homogeneous
composition, it produces a certain level of surface porosity [12]. Another filling method
involves the use of core carriers coated with thermoplastic gutta-percha. The carriers
examined so far are cores made of polysulfone plastic material (Thermafil Plus) or of Vectra,
a liquid crystal polymer (Thermafil). The studies carried out on these systems have shown
their effectiveness in performing three-dimensional fillings of the root canal, with higher
volumes of obturation of the lateral canals compared to other techniques of hot obturation,
in a shorter period of time than the lateral condensation technique [2,13]. A new core-carrier
system is the GuttaCore, whose core is made of cross-linked thermoplastic gutta-percha
(GuttaCore, Dentsply Tulsa Dental Specialties, Tulsa, OK, USA). Previous studies have
shown how these carriers allow quicker and easier removal of the material from the root
canal in case of retreatment [14]; however, there are not enough studies in the literature
to demonstrate the quality of the root canal obturation achieved with this core-carrier
system. The aim of the present study is to analyze the three-dimensional seal obtained with
the new core-carrier system made of thermoplastic cross-linked gutta-percha (GuttaCore),
compared to Guttaflow2. The study assesses the filling capacity using scanning electron
microscopy and analyze the percentage of voids of the GuttaCore system and compare
it with the GuttaFlow2 system. Therefore, by calculating the percentage of voids and
the quality of root canal filling at the level of the apical, middle, and coronal third, and
determining if one method is better than the other.

2. Materials and Methods
2.1. Preparation and Filling of Root Canals

The study included 40 single-rooted lower premolar permanent human teeth extracted
for periodontal or orthodontic reasons. Root length standardized to 13 mm. Teeth with
cracks, resorption, calcification, or open apex were excluded. Three different operators were
selected, and with the toss of the coin we randomized a technique to be performed to each
operator. Standard access cavities were made: a k-file of size 10 (Maillefer) was introduced
into each canal; the working length was determined by periapical radiography using the
parallel ray technique, thus avoiding deformations and allowing precise measurements.
Each individual tooth was checked radiographically for correspondence between the tip of
the file introduced into the canal and the root apex, thus determining the working length.
We proceeded with the instrumentation of the canals: the coronal third of each canal was
countersunk using a Largo bur (Largo, Dentsply, St Quentin en Yvelines, France) of sizes
4, 3, 2, and 1. The root canals were then prepared using hyflex CM nickel-titanium (NiTi)
(coltene-Waledent, Allstetten, Switzerland) files, cleaning and shaping the root canal by
crown-down technique using the sequence of files: 08/25, 06/20, 04/20 reaching the apex;
we then proceeded to the final preparation with 04/25, 04/30, 04/35.

Canals were irrigated with 2 mL of 5% NaOCl after each instrument change. Apical
patency was maintained by introducing a 10 k file 1 mm beyond the working length
after each instrument. Measurement of the circumference of the apical foramen was
performed using Ni-Ti k-file with 0.2 taper. According to the measurement, the apical
portion was increased to a maximum of 0.35 mm or 0.40 mm (with hyflex 06/35-06/40).
After completion of the preparation, all samples were dried with sterile paper tips (Dentsply
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Maillefer, Tulsa, OK, USA). Once the root canal preparation was completed, the teeth were
randomly divided into two experimental groups: T, GuttaCore, and G, GuttaFlow2.

Group T: GuttaCore Obturator (Dentsply Tulsa Dental Specialties). A verifier was
selected that would passively fit the canal, and then the corresponding size obturator (size
35 or 40) was selected. A thin layer of sealant (Argoseal, Milton Keynes, UK) was placed
along the walls of the entire canal, the GuttaCore obturator was then heated in the oven
for 30 s (in accordance with the manufacturer’s recommendations). The heated GuttaCore
obturator was then slowly inserted into the canal at the previously established working
length, without twisting or forcing it.

Group G: The filling of the root canal was carried out according to the manufacturer’s
instructions. A small amount of GuttaFlow2 was placed into the canal; next, the main cone
of GuttaPercha, of the size corresponding to that of the last file used for the instrumentation
of the canal, was slowly inserted into the canal until it reached the previously determined
working length. It was then slowly retracted and twisted back, ensuring the complete
wetting of the cone and of the canal walls.

Periapical radiographs with mesial and buccal projection were taken for each element
in order to obtain a complete evaluation of the examined specimens (Figure 1).

Figure 1. Rx GuttaFlow, Rx GuttaCore, Rx buccal, Rx mesial respectively.

Statistical analysis was then performed using Graphpad Prism software. Data were
analyzed by Student’s t-test (one-way analysis of variance, ANOVA), with statistical signif-
icance set at p < 0.05.

2.2. Preparation of Scanning Electron Microscopy

The teeth were fixed on a polycarbonate block with cyanoacrylate-based glue to secure
them during cutting (Figure 2) and were then transversely sectioned at 3, 6, 9, and 12 mm
from the apex.

Figure 2. Tooth fixed on block.

The sections were made perpendicular to the longitudinal axis of the root. A first
cut was made, using a 0.3 mm diamond blade (Micromet SECOTRON 200, Svogerslev,
Denmark) at 1500 rpm under continuous cooling with water jet creating a notch on the
tooth surface.

The final section was obtained by means of a blade and hammer, causing complete
fracture of the tooth. This type of fracture made it possible to reduce the formation of debris
that is normally generated during cutting.
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In order to flatten the sample, each surface to be examined was polished with sand-
paper (4000 grit SiC paper) a single grain size was used to minimize artifacts and finally
treated with an application of 17% EDTA for 18 min under ultrasound was made to obtain
a shiny surface to be examined with the scanning electron microscope (SEM).

This removed the smear layer exposing the surface. Finally, the polished surface was
rinsed with deionized water.

In order to evaluate the interaction between the samples and the electron beam, the
samples must be conductive. Therefore, they were mounted on metal supports and treated
with chromium. Finally, the samples were examined using a scanning electron microscope
(Zeiss, Auriga, Germany), at 1000× magnification.

Observations were made at the dentin–cement–gutta–percha interface (Figures 2–10).
The digital images were processed with the ImageJ program (Rasband WS, ImageJ; US
National Institute of Health, Bethesda, MD, USA), measuring the gutta-percha, the sealant
and the voids present (Figures 2–10), procedure that automatically calculates the software.
The minimum size of the voids considered is 0.7 micron as this is a good approximation
of the minimum space in which biofilm formation can occur. The measurement of the
voids was carried out using the software “analyze particles”. To obtain the percentage of
voids present, the linear dimensions of the voids were compared with the perimeter of the
dentin–sealant interface. By analyzing the percentages thus obtained for each section, we
are able to compare the two materials and to have a 3D statistic of the voids produced by
the two methods.

Figure 3. Interface between dentin and sealant. Section of third apical third T system.

Figure 4. Interface between dentin and sealant. Section of medium third T system.
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Figure 5. Interface between dentin and sealant. Section of second medium third T.

Figure 6. Interface between dentin and sealant. Section of coronal third T system.

Figure 7. Interface between dentin and sealant. Section of apical third G system.
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Figure 8. Interface between dentin and sealant. Section of medium third G system.

Figure 9. Interface between dentin and sealant. Section of the second medium third G system.

Figure 10. Interface between dentin and sealant. Section of coronal third G system.
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Statistical analysis was then performed using Graphpad Prism software. Data were
analyzed by Student’s t-test (one-way analysis of variance, ANOVA), with statistical signif-
icance at p < 0.05.

3. Results

The results of this pilot study highlight the percentage of voids present at the interface
between the material used in filling the canal and the dentinal wall. They were analyzed by
subdividing the teeth into four portions (Figure 11a–d): coronal portion, middle 1, middle
2, apical third, through cross-sections at 3, 6, 9, and 12 mm from the apex.

Figure 11. (a) Percentage (%) of voids in the coronal third: 12.1% group T–1.6% group G; (b) Percent-
age (%) of voids in the middle third 2: 20.5% group T–6.8% group G; (c) Percentage (%) of voids in
the middle third 1: 17.25% group T–12.5% group G; (d) Percentage (%) of voids in the apical third:
5% group T–26% group G.

The analysis of the results shows that:

- The GuttaCore System shows a better filling at the level of the apical third with a
percentage of voids equal to 5%. The percentage of voids increases at the level of the
coronal third and middle third of the root canal equal to: 12.1% coronal voids; 20.5%
in the middle portion 2; 17.25% in the middle portion 1 (Table 1).

- On the contrary, because of its greater fluidity, the GuttaFlow System allows a better
filling at the coronal level and in the middle third, with a percentage of voids equal
to 1.6% coronal; 6.8% in the middle portion 2; 12.5% in the middle portion 1; on the
contrary, the percentage of voids at the apical interface increased significantly, equal
to 26% (Table 1).

The difference in the percentage of voids in the two groups (GuttaCore and Guttaflow2)
was statistically significant at all levels, coronal third, middle third, and apical third
(Figure 11a–d). In particular, in the coronal third, there is a p value < 0.0001; in the middle
third 2 p < 0.0001; middle third 1 p < 0.0001; and apical third p < 0.0001.

The results of the statistical analysis were then represented in Table 1 and in four
graphs, by which it is possible to observe an inversion of the trend passing from the coronal
third to the apical third. The gaps present at the coronal level (Figure 11a) increase in the
GuttaCore technique compared to the Guttaflow2 technique; in the middle third 2 and
middle third 1 (Figure 11b,c), the difference between the two methods reduces, retaining,
however, a higher percentage for the GuttaCore technique; in the fourth graph (apical
portion) (Figure 11d), we see an inverse trend due to the fact that the percentage of gaps is
higher with GuttaCore than with GuttaFlow2.
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Table 1. Results table. the results show the values for group G and group T, respectively, in terms
of the void dimensions, mean value, and percentage value in their respective four points analyzed:
coronal, mean 2 mean 1 and apical.

Group G (Guttaflow) Group T (Guttacore)

Width + Height
(µm) Mean Void % Width + Height

(µm) Mean Void %

Coronal 49.86 24.92 1.6 Coronal 364.87 182.43 12.1

Middle 2 130.84 65.42 6.8 Middle 2 390.27 195.13 20.5

Middle 1 200.76 100.38 12.5 Middle 1 274.19 137.09 17.25

Apical 321.27 160.06 26 Apical 60.05 30.02 5

4. Discussion

The main cause of endodontic failure is the persistence of microorganisms capable of
causing intraradicular or extraradicular infection [15]. Therefore, it is desirable to perform
an excellent cleaning and shaping of the root canal combined with an obturation technique
that provides a three-dimensional closure of the system, minimizing the formation of gaps
and voids, a possible source of communication with the outside and, therefore, reinfection
and failure of the treatment itself [16]. Previous endodontics studies have shown excellent
physical and chemical qualities of the Guttaflow2 material, demonstrating how, because
of its good adaptation to the canal walls, it is possible to obtain a filling equal to 99.72%,
in terms of total filling. Through this study, it was possible to analyze the difficulties of
the material in penetrating the apical third, leading to an increase in the gaps present
between the root canal wall and the sealant and an increase in the amount of sealant, to
the detriment of the percentage of gutta-percha inserted. On the contrary, the GuttaCore
system showed a better filling of the apical third, with a much lower percentage of gaps
(Table 1); the interfacial gaps increased instead at the level of the middle third and the
coronal third (Figure 11a–c).

The limitations of this study were two: the first did not select a statistically significant
number of samples and the second was that it was decided to dissect the tooth by fracture,
with the risk of altering the gap between gutta-percha and tooth.

In this study, GuttaFlow2 was used in the Single Cone Cold Filling Technique because
of the excellent physical and chemical qualities of the material: low solubility with good
stability over time [17], expansiveness improving the sealing capacity over time [18], and
fluidity and smoothness.

Root canal filling was performed according to the manufacturer’s instructions. After
introducing a minimal amount of fluid gutta-percha, the main cone was slowly inserted
into the canal, and then slowly pulled and twisted back and forth to ensure complete
wetting of the cone and canal wall. Previous studies have shown that GuttaFlow, used
in the single-cone technique, has good adaptation to the canal walls [19], due in part to
its ability to expand following its insertion [20]. It has been demonstrated that the filling
percentage of GuttaFlow2, in terms of total filling, is 99.72% [21]; at the level of the apical
third of the root canal system, the formation of marginal gaps equals to 3.51 ± 1.81 µm has
been reported [9].

This study shows, in agreement with the data present in the literature, that the
GuttaFlow2 system has a higher percentage of voids in the apical third (Table 1); moreover,
it is in fact difficult to control the penetration of the material in the narrow space of the
apical third with this system. Moreover, in the single cone technique, the gutta-percha
master cone is not compacted but is inserted at working length with a considerable amount
of sealant. This does not promote the penetration of the cone into the apical portion, leading
to a high volume of sealant. All this promotes the formation of voids and reduces the
sealing quality of the filling itself [22]. In fact, it has been observed that sealants do not
form a continuous layer between the gutta-percha and the canal wall, thus creating gaps at



Dent. J. 2022, 10, 71 9 of 11

the gutta–percha–dentin interface [23]. The middle third and the coronal third, on the other
hand, present wider sections, allowing a more complete and efficient filling due to the high
fluidity of GuttaFlow2.

The second technique investigated in this study involves the use of GuttaCore. Previ-
ous studies have analyzed the quality of the obturation obtained through the use of systems
based on plastic carriers (Thermafil). The results of these studies show that these systems
produce a higher percentage of gutta-percha compared to other obturation techniques
(System B, cold lateral condensation) [24], with reduced working times compared to the
lateral condensation technique [25]. On the other hand, there is little information in the lit-
erature about carriers made of semi-rigid thermostable gutta-percha, such as the GuttaCore
System. Among the most recent studies, the one conducted by Ruth Pérez-Alfayate et al.
shows that these carriers, in particular the GuttaFusion and GuttaCore Systems, produce
very homogeneous fillings, with a high percentage of areas filled with GuttaPercha and a
low percentage of voids, respectively, at the coronal (GuttaFusion) and apical (GuttaCore)
levels [26–28].

The strength of this study is that it has been shown how the thermoplastic gutta-
percha carrier condenses effectively in the apical third (Table 1): its low viscosity and high
thixotropy allow the material to flow at working length, effectively filling the apical third;
moreover, towards the apex, the section of the canal is round and this allows a better
penetration of gutta-percha. On the contrary, a higher percentage of voids was found in the
middle and coronal third (Figure 11a–c); the cause is due to the anatomical complexity of
the canal system. Moreover, in the different morphology between the gutta-percha carrier
and the root canal: one with a circular section and the other with an oval section, therefore
with the difficulty of sealing the entire surface [29–32].

5. Conclusions

Based on the results of the present study, it can be concluded that GuttaFlow2 is able
to flow optimally in the middle and coronal third of the canal (Table 1), even in canals with
more complex anatomies. Despite its high fluidity, however, difficulties were encountered
in reaching the more apical portions of the canal. In fact, the tip mounted on the syringe,
which distributes the cement inside the canal, cannot reach the portions near the root apex,
thus increasing the percentage of voids between the sealant and the canal wall in this
area (Figure 11d). Moreover, the introduction of the single cone of gutta-percha does not
foresee the vertical compaction, which leads to a difficult penetration of the cone in the
narrow apical space, resulting in an increase in the amount of sealant with an increase in
the gaps [33–36].

On the contrary, the Guttacore System is able to penetrate optimally into the apical
third of the canal, thus reducing the number of voids at this level (Table 1). In fact, the
carrier, being rigid, can reach the working length, thus obtaining an excellent apical seal
(Figure 11d). The number of voids, on the other hand, increases in the middle third and the
coronal third (Table 1), probably due to the discrepancy between the morphology of the
carrier, with its round cross-section, and the morphology of the root canals, with a more
oval cross-section [37–40].

In conclusion, it can be said that both systems have shown excellent filling qualities and
in order to make the most of their advantages and minimize their limitations, a combination
of the two techniques might be considered. However, this remains to be tested [41,42].
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