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Abstract

Objective: This study was performed to determine in vitro the
sealing ability of different endodontic obturation systems and to
compare their efficacy.

Materials and Methods: In the study were used a total of
36 root canals all of which belong to extracted permanent teeth.
Root canals of all samples were prepared with ProTaper Universal
rotary files. The teeth were divided into four groups. In each group
we had 1 molar with 3 canals, 1 molar with 2 canals, 1 premolar
with 1 canal and 3 single-rooted incisors filled by different
obturation technique and AH26 sealer. The teeth in the first group
were obturated with single-cone technique, in the second group
by cold lateral condensation, and the teeth in the third group were
obturated with Thermafil. In the fourth group obturation was done
with GuttaFlow. After radiography of the root canal fillings, the
roots were sectioned horizontally at the level of 2 mm and 4 mm
from the apex. The area of gaps and adaptation to canal walls were
evaluated using stereomicroscopy and calculated.

Results: Evaluation of quality of obturation of root canals
based on X-ray examination exhibited compact seal of root
canals in all research groups, except with single-cone technique.
Evaluation of cross sections revealed that lateral condensation
showed the best hermetic sealing and the single-cone technique
the worst. GuttaFlow and Thermafil have similar sealing effect.

Conclusion: It can be concluded that the density of gutta-
percha was observed to decrease towards the coronal aspect when
the single cone and GuttaFlow were used.
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Introduction

The last-but-not-least stage in endodontic therapy is the
root canal obturation, which is provided by hermetic filling
of the disinfected and shaped root canal system. This is
confirmed by the fact that 60% of the failure of endodontic
therapy is caused precisely by the incomplete obturation
of the root canal (1). This fact underlines the importance
to choose the right material and appropriate technique
that will provide the required goal. The filling is usually
done with a gutta-percha and cement. Our purpose should
always be sealing the root canal completely in the lateral
and vertical directions with the root canal filling material.
This material should be stable in size and not shrink in the
root canal. Furthermore, it should be bacteriostatic but at
the same time should not irritate the vital tissue, should be
insoluble, should not harden too quickly and should have
radio-opacity. It should be easy to apply, but should also be
easy to remove if necessary (2). But none of the techniques
or sealers used nowadays meets all these requirements. That
is why manufacturers of dental materials are still innovating
new techniques and materials.

The most recommended filling material is
polydimethylsiloxane-based cement filling such as
GuttaFlow (Colténe/Whaledent AG, Altstétten, Switzerland)
which combines silicon (3), with incorporated small particles
of a gutta-percha in 1:1 ratio. It is used as a system which is
filled with cold-but-liquid gutta-percha (2) and its application
is a simple, safe and hygienic procedure, in accordance with
ISO standards (4). The base of using this cement is that, it is
considered to be biocompatible and it does not irritate vital

periapical tissue (5). According to the manufacturer, this
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obturation system offers excellent physical properties because
it does not contract after hardening and easily expands by
0.2%, which increases the obturation ability. The material
comes in capsules that are mixed in an ordinary amalgamator
before use, applied to a carrier and then directly inserted
into the prepared root canal by cannulas. Thus, determining
the root canal filling quality using four different obturation
techniques has been chosen as the aim of this study.

Material and Method

For the purposes of this study, we used a total of 36
root canals. After the trepanation of the pulp chamber, we
determined the patency of the root canals and their working
length with K-file. We inserted the K-file till the anatomical
apical foramen. After the K-file has reached the same level
with the anatomical apical foramen, we retracted 0.75 mm
backwards. Thus we determined our working length. We did
the canal instrumentation by ProTaper Universal rotary system
with instruments S1, S2, F1, F2, F3 (Dentsply, Maillefer) and
irrigation was performed with 3% sodium hypochlorite. After
the instrumentation, we irrigated the root canal with 17% of
EDTA to eliminate the smear layer. We finished with 5 ml of
saline, after which we divided the teeth into four groups each
consisting of six teeth with nine canals in total, according to
the filling of the canal. We filled the teeth of the first group
with the classic single-cone technique. In the second group
we used lateral condensation, and in the third we did the
filling with Thermafil (Dentsply Maillefer, Switzerland). We
used AH26 (Dentsply De Trey, GmbH, Konstanz, Germany)
as a sealer for the first three groups. We did the root canal
obturation in the fourth group with GuttaFlow, according to
the manufacturer’s instructions. The coronary part of all teeth
was closed with a temporary cement (GJ Fuji) and then the
samples were stored at 100% humidity for 30 days.

The assessment of quality of the canal filling was done
as follows:

1. In order to estimate the degree of filling of the canals
and its compactness, we made X-ray in two projections:
bucco-oral and mesio-distal.

2. Stereomicroscopy was used with an increase of 16
times to determine the degree of fullness of the root canal at
the level of the cross section. The cross sections were made
at distances of 2 mm and 4 mm from the anatomical apex.

The obtained results were evaluated semi-quantitatively,
with scores of a, b and ¢. Assessment a) indicated complete
canal fullness and good adaptation to the walls; b) meant the

existence of small defects through the compact filling; and
in the samples marked with c) a large part of the filling is
missing and there are clearly visible empty spaces.

All specimens were evaluated by one rater (experienced
dentist) on three different occasions at two days’ intervals.
The data used for further analysis were an average of the
three estimates.

The data were statistically analysed with SPSS 23 for
Windows (SPSS Inc., Chicago, IL, USA) with descriptive
analysis. Chi-squared test was used to detect differences in
the treatment outcomes (excellent, moderate, poor) related
to the method of treatment. Statistical significance was
defined as p<0.05.

Results

The results obtained from radiographic images showed
that root canal filling made with lateral condensation (Figure
1), Thermafil and GuttaFlow (Figure 2) provide a compact
filling of the entire endodontic space. The X-ray of samples
obturated with classic single-cone technique were of the
lowest quality and most unequal (Figures 3 and 4). Bucco-
oral projection could be assessed as more successful than in
mesio-distal X-rays.

Figure 1. X-ray of teeth filled with lateral condensation.

L

Figure 2. GuttaFlow-toothed tooth.
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Figure 3. X-ray of a tooth
filled with single-cone
technique in the bucco-oral
direction.

Figure 4. RTG recording of
teeth filled with single-cone
technique in mesio-distal
direction.

According to the stereomicroscopic analysis, the most
compact fillings showed the cross sections of the lateral
condensation at both examined levels (Figure 5). Fillings with
Thermafil and GuttaFlow have shown approximate quality of
the obturation (Tables 1 and 2), where small cracks in Thermafil
filling were always between the plastic carrier and the molten
gutta-percha (Figure 6), while GuttaFlow filling in certain
preparations showed small gaps, which was more evident on
distance 4 mm from the apex (Figure 7). The fillings where the
single-cone technique was used were the least compact, and
in some sections during cement leakage only the gutta-percha
points were observed in the root canal (Figure 8).

Ao

Figure 5. Cross section of 4 mm from apex in tooth filled with
lateral condensation.

Table 1. Stereomicroscopic estimate for filling gaps through
filling and adaptation of the material at a distance of 2 mm from

the apex.
Type of filling Cross section at a distance of 2 mm
from the apex
Semi-quantitative assessment a b c
Single-cone 4 4 1
GuttaFlow 5 4 0
Thermafil 6 3 0
Lateral condensation 8 1 0

Table 2. Estimation of gaps in filling and adaptation of the
material at a distance of 4 mm from the apex with an increase of
16 times.

Cross section at a distance of 4 mm
from the apex

Type of filling

Semi-quantitative assessment ~ a b ¢
Single-cone 3 3 3
GuttaFlow 4 5 0
Thermafil 7 2 0
Lateral condensation 8 1 0

Figure 6. Cross section at a distance of 2 mm from apex in a
tooth filled with Thermafil. It is visible a narrow gap between the
carrier and gutta-percha.

Figure 7. Cross section at a distance of 4 mm in a tooth filled
with GuttaFlow.



4 Popovska et al.
Quality of obturation systems

European Journal of Research in Dentistry 2021; 5(1): 1-6

Figure 8. The empty spaces around gutta-percha are visible at a
tooth filled with single-cone.

Between the specimens obtained by axial cross section at
2 mm above the apex of the tooth’s root, the fourth method of
treatment exhibited the most excellent outcomes with 8 of 9
specimens (88.9%), compared to the third method with 6 of
9 (66.7%), second method with 5 of 9 (55.6%) and the first
method with 4 of 9 (44.9%) excellent outcomes (Table 3).

Table 3. Cross-tabulation of quality and methods for the
specimens obtained by axial cross section at 2 mm above the apex
of the tooths’ root.

Method
ml m2 m3 m4 Total
Quality | excellent | Count |4 5 6 8 23
% withi
owithin | 1 doe 1217% [26.1% | 34.8% | 100.0%
Quality
% withi
oWithin | ) g0y | 55.6% | 66.7% | 88.9% | 63.9%
Method
moderate | Count 4 4 3 1 12
% withi
oW | 33 305 133.3% | 25.0% |8.3% | 100.0%
Quality
% withi
OWihin | ) g0y |aaa% [333% | 110%  |33.3%
Method
poor Count 1 0 0 0 1
% withi
OV 100.0% 0.0%  [0.0% |0.0% | 100.0%
Quality
% within
1% 10.0% |0.0% |00% |28
Method & & o o o
Total Count 9 9 9 9 36
% withi
owithin | < bon 125.0% |25.0% |25.0% | 100.0%
Quality
% withi
owithin | 56 0% | 100.0% | 100.0% | 100.0% | 100.0%
Method

Between the specimens obtained by axial cross section
at 4 mm above the apex of the tooths’ root, the fourth
method of treatment exhibited significantly (p=0.02) the
most excellent outcomes with 8 of 9 specimens (88.9%),
compared to the third method with 7 of 9 (77.8%), second
method with 4 of 9 (44.4%) and the first method with 3 of 9
(33.3%) excellent outcomes (Table 4).

Table 4. Cross-tabulation of quality and methods for the
specimens obtained by axial cross section at 4 mm above the apex
of the tooths’ root.

Method
ml m2 m3 mé4 Total
Quality | excellent | Count |3 4 7 8 22
%
within | 13.6% | 182% |31.8% |36.4% |100.0%
Quality
%
within [ 33.3% |44.4% |77.8% |88.9% |61.1%
Method
moderate | Count | 3 5 2 1 11

%
within | 27.3% |455% |182% |9.1%
Quality
%

within | 33.3% [55.6% |222% |11.1% |30.6%

100.0%

Method
poor Count |3 0 0 0 3

%
within | 100.0% | 0.0% 0.0% 0.0% | 100.0%
Quality
%
within [ 33.3% | 0.0% 0.0% 0.0% |8.3%
Method

Total Count |9 9 9 9 36

%
within | 25.0% [25.0% |25.0% |25.0%
Quality
%

within | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
Method

100.0%

Discussion

Correct obturation is one of the main factors for
successful endodontic therapy. If filling is not compact, the
main problem is microleakage, which is a major factor in
the failure of endodontic therapy. If there is stagnation of
tissue fluid, proteolysis occurs, resulting in persistence of a
periapical lesion or the formation of a new lesion around the
tooth that has already been treated endodontically (6).

This study has been performed to compare the silicone-
based cement filling method with other filling techniques.
The comparison was made with the classic single-cone
technique, which is still widely used, but also with other
methods that have been shown to provide much more stable
results. It is generally accepted in the professional literature
that higher clinical success is achieved with fillings that
have a higher percentage of gutta-percha and less cement
(7). This method is not recommended for several reasons.
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The first problem is the ratio of cement to gutta-percha,
with a large amount of cement making up the filling. Most
of the cements are soluble, so over time the permeability
increases (8). Furthermore, in the classic processing of the
root canal with a cone size of 2%, the filling procedure itself
is unreliable, because the gutta-percha is easily distorted
and retains the small irregularities in the canal. The standard
gutta-percha that are used for this kind of filling are too
soft and are intended more for other techniques that use
compaction of the gutta-percha, such as lateral condensation.
In our examination it was shown that the filling is with
lower quality at cross sections of 4 mm compared to those
of 2 mm. We think the reason for this is that the preparation
made with ProTaper Universal has a larger conicity than
the four-percent-conic-gutta-percha that we used, so the
diameter of the gutta-percha that corresponded to the apical
was insufficient for the more coronal parts of the root canal.
The result would probably be much better if we used gutta-
percha with the adequate conicity to the preparation.

Usually in clinical cases these fillings do not look so
bad due to the anatomy of the root canals. The anatomical-
morphological characteristics of the canals are such that
they are always wider in the bucco-lingual projection
than in the mesio-distal, so that the filling defects overlap
with the other parts (2, 9) which has been proven by this
examination.

Obturation with Thermafil was done by the technique
of a hot gutta-percha inserted with its own plastic carrier.
The root canal is filled quickly and easily and the gutta-
percha penetrates all the lateral canals and irregularities.
Many studies have been done on the quality of filling with
Thermafil, which shown quite contradictory results for (11,
12) and against (5, 13) compared to lateral condensation.
The results of our study showed that the filling with
Thermafil was compact and that small cracks were observed
only between the carrier and the gutta-percha. However, the
ability of the gutta-percha to penetrate anywhere can be
a problem, because if there is a wider apical foramen, the
gutta-percha can easily leak into the periapical tissue (3).
One of the disadvantages when using such a filling material
in curved root canals is the plastic carrier’s inclination to
straighten. However, in our experience, in addition to the
patient’s discomfort, overheating is not a problem that has
permanent consequences.

Lateral condensation is an obturation technique that
provides hermetic root canal sealing. This technique is the
most widely used obturation method in endodontics. About

89.6% of dental faculties around the world teach it as a
primary or classical technique (14). The main material for
filling the root canal is gutta-percha. Due to its good results,
this technique is often used for comparison when examining
other methods of obturation. Our stereo microscopic images
showed that this group was the most successfully filled and
that in root canals there is no empty space left according to
the possibilities of our examination.

GuttaFlow obturation is recommended as a simple
method similar to the classic single-cone method. The
application system provides the possibility for aseptic root
canal obturation without the risk of secondary infection. The
mixed material is soft and hardens within 7-10 minutes. This
allows the material to penetrate all irregularities in the root
canal system (15). Although Pitout et al. (16) and Monticelli
et al. (17) have found that GuttaFlow fillings are just as
successful as lateral condensation obturation, according to
our results, although on X-rays the filling was rated as ideal,
stereomicroscopic sections of certain preparations were
observed small gaps through the filling that were at the level
of the cement. These results in accordance with the findings
of Elayouti et al. (6) and Mali¢ et al. (15), who also detect
these small cracks in the material.

Kontakiotis (9), examined the permeability of root canals
filled with GuttaFlow and lateral condensation immediately
after filling and after 12 months. His findings showed that
after 12 months, teeth filled with GuttaFlow provided better
obturation compared to others that were filled with the other
method. He explained this finding with the expansion of the
cement that improved the filling (9, 18). Bouillaguet et al.
(1) did not confirm a difference in microleakage in teeth
filled with this material 24 hours and one year after filling.

Conclusion

According to the results of this study, but also according
to the data from the literature, it can be concluded that
GuttaFlow as a filling material has incomparably better
characteristics than any other cement used for definitive
filling of the root canals. The teeth filled with this material
showed much more successful final results than the filling
with the single-cone technique with the usual endodontic
cement. If this material was used with another technique,
such as lateral condensation, then the quality of the filling
would probably be closer to perfect.

The obturation quality of the GuttaFlow, even when it is
used with the single-cone technique, is similar to the other
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two techniques, which have been improved to provide much
better optical root canal obturation.
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