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Abstract 
Background: One of the aim of root canal treatment is filling the root canals in a 3D way. It is not always possible to 
achieve due to the existence of anatomical variations. The obturation of oval canal usually provides great difficul-
ties. Its complex anatomy can cause obstacles in instrumentation, irrigation and obturation. Aim: The main aim of 
this study is to quantify the area filled by gutta-percha, the area filled by cement and the area of voids present in oval 
canals, treated by thermoplastic filling techniques in comparison with the lateral condensation technique and obser-
ve the adaptation of the gutta-percha to the anatomy of the oval root canals according to the obturation technique.
Material and Methods: 80 mandibular incisors were selected. The teeth were instrumented with Protaper Gold® 
and divided into 4 groups of 20. Group 1 was filled with Thermafill®; group 2 with GuttaCore®; group 3 with con-
tinuous wave vertical condensation and group 4 with the lateral condensation technique. Two horizontal sections 
were cut at 5mm and 7mm from the apex and they were set in putty silicone. The samples were analyzed with a 
Leica DMS 1000 digital microscope and processed with Leica Suite for Windows XP. The area of gutta-percha, 
cement and voids and the percentages, of each one, were calculated. 
A statistical analysis was performed using the T-Student, ANOVA tests and Kruskal-Wallis tests.
Results: All thermoplastic techniques achieved a high percentage of obturation. The percentages of voids in group 4 
were the highest. Statistically significant differences were found between thermoplastic techniques compared with 
lateral condensation. 
Conclusions: Thermoplastic techniques achieve better adaptation of the gutta-percha in the oval canals and low 
amount of cement and voids in the middle and coronal thirds respect to the lateral condensation group. Moreover, 
comparing termoplasthicized techniques among them, continuous wave vertical condensation got the lowest per-
centage of voids.
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Introduction
One of the main objectives of endodontic treatment is 
the complete preparation of the root canal system and 
correct obturation to obtain a three-dimensional seal.
The anatomical configurations of root canals can vary: 
round, oval, flat or irregular. Each root morphology may 
require a different approach to cleaning, instrumentation 
and obturation (1).
Oval-shaped canals have a maximum diameter in the 
vestibulo-lingual (VL) direction up to twice the mini-
mum diameter, mesio-distal diameter (MD). One variant 
of these canals is long oval-shaped canals, in which the 
maximum diameter (VL) is two to four times larger than 
the minimum diameter (MD) (2). A high prevalence of 
oval-shaped and long oval-shaped root canals (including 
in the apical area) has been reported. Long oval-shaped 
canals account for 25% of cases.  This type of canal is 
found most frequently in mandibular incisors and maxi-
llary premolars with a single canal, where the prevalen-
ce is as high as 50% (2). This complex anatomy can be 
considered one of the biggest challenge for adequate de-
bridement in clinical practice. 
The correct instrumentation of root canals is funda-
mental to achieving a good end result. However, due to 
anatomical variations, it is rarely fully achieved. Accor-
dingly, oval-shaped canals can give rise to even more 
challenges (1). For example, applying the same shaping 
and cleaning protocol for round canals to oval-shaped 
canals may result in an incomplete preparation of the 
oval-shaped canal, leaving uninstrumented areas, main-
ly the vestibular and lingual extensions. Microtomogra-
phy (micro-CT) studies reveal that between 5% and 80% 
of the root surface may remain uninstrumented, making 
subsequent obturation of the canal system difficult (3). 
Some studies state that the shape of the root canal in-
fluences the sealing capacity in the short term. The ob-
turation of oval-shaped canals is in itself a challenge 
for the practitioner (4). The obturation material is most 
effective when used in conjunction with a sealer, which 
can fill imperfections and increase the adaptation of the 
gutta-percha to the canal (5). Therefore, the quality of 
the apical seal is also affected by the amount of cement 
present. According to Wu MK et al., an optimal root 
obturation should maximise the volume of gutta-percha 
and minimise the amount of sealer (6), as sealer-filled 
areas are more vulnerable to dissolution, while gut-
ta-percha is more stable (7). The appearance of new ob-
turation materials and their constant evolution makes it 
necessary to study and compare the different techniques 
available on the market. To assess the sealing ability of 
gutta-percha and cement, several observation methods 
have been used. Observation methods include radiogra-
phs, bacterial filtration, cross-sections with subsequent 
microscopic observation and microtomography (8-11). 
This study compares different obturation techniques in 

oval-shaped canals. The anatomical variations of these 
canals make treatment difficult, which is why it is both 
important and interesting to study and compare the di-
fferent obturation techniques in order to find which is 
the most effective. This study has a very large sample 
size compared to most studies published in the current 
literature comparing four obturation techniques: Ther-
mafil (TF), GuttaCore (GC), Continuous Wave Vertical 
Condensation (VC) and Lateral Condensation (LC).
The aim of this study was to quantify the area filled by 
gutta-percha, the area filled by sealer and the area of 
voids in oval-shaped canals treated by thermoplastic ob-
turation techniques compared to the LC technique and 
observe the adaptation of the gutta-percha to the ana-
tomy of the oval-shaped canals according to the obtura-
tion technique. 

Material and Methods
This study was approved by the ethics and research 
committee of the European University of Madrid under 
internal code number CIPI/18/177.
This in-vitro study was performed using lower incisors 
extracted for reasons unrelated to the study. 80 mandi-
bular incisors with a single root canal were selected. The 
oval-shaped anatomy was confirmed with two radio-
graphs in the LV and MD direction. Teeth with a single 
canal whose largest diameter was at least twice the sma-
llest diameter were selected, and those with accessory 
canals were excluded. Both the instrumentation and the 
obturation were carried out by specialised dentist in en-
dodontics.
After the access opening, a K-file No. 10 was used, and 
the working length (WL) was set at 1 mm from the apical 
foramen by visual observation. The glide path was made 
up to file No. 20, after using the permeability file No. 10, 
at each file pass. All the canals were prepared with Pro-
taper Gold® (Dentsply Sirona, Ballaigues, Switzerland) 
according to the manufacturer’s instructions. Shaping fi-
les Nos. S1 and S2 were used in a circumferential, brus-
hing motion until WL, then finishing files Nos. F1, F2 
and/or F3 were used with a pecking motion at 250 rpm 
and 3 Ncm, using an X-Smart motor® (Dentsply Sirona, 
Ballaigues, Switzerland). The permeability file No. 10 
was used at each file step. After each file was applied, 
the canals were irrigated with 2% NaOCl. To remove the 
smear layer, a final irrigation with 1 mL of 17% EDTA 
(Ultradent, Koln, Germany) was performed and left to 
act for 1 minute. It was then washed with 2 mL of 2% 
NaOCl. The canals were dried with paper points F2 or 
F3 (Dentsply Sirona, Ballaigues, Switzerland) according 
to the apical diameter.
For the obturation, the teeth were randomly separated 
into 4 groups. Top-Seal® sealer (Dentsply Sirona, Bal-
laigues, Switzerland) was used.
Group 1: Obturation with Thermafil. After checking the 
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apical fit with the tester 25 or 30, 20 teeth were obturated 
with TF F2 or F3 after heating in the Thermaprep Plus 
oven® according to the manufacturer’s instructions. The 
sealer was inserted into the canals with paper points and 
then TF was placed at LT. Once the gutta-percha had 
cooled, a round bur was used to cut the carrier.
Group 2: Obturation with Guttacore. The apical fit 
was checked with a tester No. 25 or 30. The sealer was 
applied with a paper tip. The teeth were obturated with 
GuttaCore pink® No. 25 or 30, heated in the Therma-
prep Plus oven® according to the manufacturer’s ins-
tructions. 
Group 3: Obturation with continuous wave vertical con-
densation. The apical fit was checked with Protaper gu-
tta-percha cones® Nos. F2 or F3. The sealing cement 
with the master gutta-percha was inserted using pum-
ping movements. The gutta-percha was cut to 0.5 mm 
less than the WL. The obturation was made using the 
BeeFill 2-in-1® (VDW, München, Germany). The tem-
perature was set at 200°C and the hot plugger was in-
serted 5 mm below the WL for obturation of the apical 
third. After removal, the 1-2 plugger (Dentsply Sirona 
Ballaigues, Switzerland) was used to condense the api-
cal 5 mm. The middle and coronal third of the canal was 
obturated in several increments, using BeeFill Backfill® 
at a temperature of 180°C and the gutta-percha was con-
densed with the plugger after each increment. 
Group 4: Obturation with lateral condensation techni-
que. A master gutta-percha was used with a 2% taper 
and a diameter of 30 or 35, depending on the apical fit 
to WL. The sealer with the master gutta-percha was in-
serted using pumping movements. For lateral condensa-
tion, a digital spacer B and accessory gutta-perchas of 
2% and diameter 20 were used.
All the teeth were stored for 7 days at 100% humidity 
before sample preparation. 
-Preparation of samples for analysis:
The teeth were cut transversely at 5 mm and 7 mm from 
the apical foramen, using a low-speed handpiece with a 
0.3 mm diamond disc (Komet, Lemgo, Germany) with 
continuous irrigation. The cross-sections were inserted 
in silicone putty to facilitate handling and observation. 
The surfaces were dried before being observed under a 
digital microscope Leica DMS 1000® (Leica; Wetzlar, 
Germany) at X6 magnification.
-Analysis of samples:
The image analysis was performed using Leica Suite® 
for Windows (Leica; Wetzlar, Germany). Firstly, the to-
tal area of the canal was measured, the areas occupied by 
gutta-percha and void areas were calculated and finally, 
the areas occupied by sealer.
The areas were then normalised by calculating the per-
centages of cement, gutta-percha and gap for each tech-
nique used, analysed at 5 mm and 7 mm. 
A descriptive analysis of the percentages obtained was 

made using the median. To compare results in the same 
group at 5 mm and 7 mm, a Student’s t-test was used 
with a P-value <0.05, analysing the medians. To compa-
re the different groups at 5 mm and 7 mm, the modified 
ANOVA test (Welch test) was performed, analysing in 
this case the mean (%) and standard deviation, always 
with a P<0.05 (12). In addition, the Krushal-Wallis test, 
with the Bonferroni correction method (P<0.05) was 
used to assess statistically significant differences be-
tween the different groups.
The entire statistical study was carried out with the same 
programme: EZR (13), (Fig. 1).

Results
Table 1 shows the medians of each group and the diffe-
rences of each group according to the distance to the apex.
In group 2 (GC), statistically significant differences were 
obtained in the percentage of voids (P<0.05) according 
to the distance from the apex, with a higher percentage 
of voids at 5 mm (1.81%). 
In group 3 (VC), statistically significant differences were 
obtained in the percentage of voids, gutta-percha and 
sealer, both at 5 mm and 7 mm, with a higher amount 
of gutta-percha and very few voids and sealer at 7 mm.
The highest percentage of gutta-percha filled area me-
dian was found in group 3 (VC) at 7 mm, with 91.36%.
These results tend to show that, in thermoplastic techni-
ques, there are more voids at 5 mm, while in LC there 
are more voids at 7 mm.
Table 2 shows a comparison of the mean and standard 
deviation of the different groups at 5 mm and 7 mm. 
Group 3 (VC) at 7 mm shows statistically significant 
results in terms of fewer voids (0.33%) compared to 
the other groups. The LC technique obtained the lowest 
percentage of gutta-percha filled area at 5 mm and 7 
mm. These results were statistically significant at 5 mm 
(66.56%) compared to the thermoplastic techniques. The 
highest amount of sealer was observed in group 4 (LC), 
with statistically significant differences with all groups 
at 7 mm and with groups 1 (TF) and 2 (GC) at 5 mm. 
Group 2 (GC) at 5 mm corresponds to the lowest amount 
of sealer with respect to the rest of the groups (7.82%), 
showing statistically significant differences with groups 
3 (VC) and 4 (LC).

Discussion
The aim of this study was to quantify the gutta-per-
cha-filled area, the sealer-filled area and the voids area in 
oval-shaped canals treated by thermoplastic obturation 
techniques compared to the LC technique. In the study, 
samples were examined under a Leica DMS 1000 digital 
microscope® (Leica; Wetzlar, Germany) and measure-
ments were taken by digital image analysis and proces-
sing. This analysis allows for an accurate assessment of 
the observed root canal surfaces (14). 
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Group mm
VOIDS GUTTA-PERCHA SEALER

Median % Range P. Value Median % Range P. Value Median % Range
P. 

Value

1
5 1.92 0-23.21

0.48
89.26 46.18-97.86

0.50
8.6 0.20-50.36

0.92
7 1.76 0-26.26 82.3 62.82-95.45 8.33 3.85-31.82

2
5 1.81 0-14.49

<0.05
91 66.83-98

0.80
6.88 0.59-19.63

0.20
7 0.43 0-8.53 90.01 75.9-97.72 8.16 2.27-21.51

3
5 1.8 0-5.66

<0.05
80.7 54.07-95.26

<0.05
17.64 3.77-44.89

<0.05
7 0 0-3.05 91.36 74.65-96.83 9.18 3.17-22.29

4
5 5.24 0-26.91

0.58
67.99 36.16-90.19

0.20
25.37 6.33-74.17

0.08
7 7.59

1.05-
21.35

71.61 68.05-85.75 18.91 3.93-43.32

Table 1: Student’s t-test. Comparison of the 4 groups at 5 mm and 7 mm, analysing the percentage of voids, gutta-percha and sealer.

Fig. 1: Samples at 7 mm. In black total canal area; in red gutta-percha area; in green voids. A, group 1 Thermafil; B, 
group 4 Lateral condensation; C, group 2 Guttacore; D group 3 continuous wave vertical condensation.

It was demonstrated that none of the obturation techni-
ques used in this study achieved a gap-free root obtura-
tion, confirming previous studies (11,15). The incidence 
of voids in root canal fillings can be affected by many 
factors; the anatomical configuration, the quality of the 
canal preparation, the experience of the practitioner and 
the evaluation technique used. As noted by Keleş et al., 
resin-based sealers undergo polymerisation shrinkage, 
which could lead to the formation of voids (11). The-

refore, the higher sealer thickness observed in the LC 
group would explain the higher number of voids compa-
red to the thermoplastic techniques. 
The analysis of the percentages of voids and sealer in 
the canals was associated with large standard deviation 
values, indicating a lower sealer homogeneity and con-
sequently, a higher number of voids (11). These results 
are in agreement with this study, where a high standard 
deviation was observed for the percentage of sealer in 
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mm Group
VOIDS GUTTA-PERCHA SEALER

Mean % SD± P. Value Mean % SD± P. Value Mean % SD± P. Value

5

1 4.12a 6.11

<0.05

84.49ab 15.23

<0.05

11.41a 12.16

<0.05
2 4.86ab 5.37 87.49a 8.20 7.82a 4.35

3 2.07a 1.71 79.36b 10.91 19.45b 12.14

4 6.79b 5.87 66.56c 15.00 28.67b 16.70

7

1 5.77ac 8.50

<0.05

81.64ab 11.09

<0.05

11.75a 7.68

<0.052 1.95a 2.64 88.08a 6.50 9.97a 6.06

3 0.33b 0.91 89.51a 6.33 10.35a 5.64
4 7.77c 5.16 71.89b 10.74 20.89b 10.10

Table 2: Krushal-Wallis. Comparison of the 4 groups with each other at 5 mm and 7 mm, analysing the mean, standard deviation 
(SD±) and P value.

The different letters indicate statistically significant differences. 

all groups studied, except in group 2 (GC) at 5 mm. This 
implies a less homogeneous obturation, which may be 
related to the anatomy of the oval-shaped canals and the 
difficulty in accessing all their surfaces for preparation 
and subsequent obturation. Moeller et al. found a high 
correlation between microscopic examination, involving 
the sectioning of samples, and μCT examination of root 
canal obturations. Furthermore, it was found that in the 
μCT sections, the obturation material could be clearly 
distinguished from the root canal walls. The μCT pro-
vided the ability to investigate the filling quality using 
a detailed scale without destroying the object. The μCT 
images revealed several inadequately prepared and ina-
dequately obturated areas. In fact, all the root canals had 
areas without root canal obturation material (15). 
In the oval-shaped canals, Wu et al. showed that large 
areas of the canal wall were left uninstrumented. Owing 
to the irregular shape of these canals, it may be difficult 
to place accessory cones when using LC, so this techni-
que may lead to more cement and gaps and consequently 
increase bacterial leakage (16). 
Based on the premise that the best long-term seal is 
achieved with a minimum thickness of the sealer, a high 
percentage of the sealer indicates defects in the obtura-
tion. This concept stems from the fact that sealers tend to 
undergo setting shrinkage and dissolve over time, which 
may make way for reinfection of the canal area (17).
De-Deus et al. examined the percentages of gutta-per-
cha area in oval-shaped canals in 50 mandibular incisors. 
The teeth were randomly assigned to three experimental 
groups including LC and thermoplastic techniques. The 
area occupied by gutta-percha was found to be signifi-
cantly larger for all thermoplastic techniques with respect 
to the LC group (4). Similarly, in this study, statistically 
significantly higher percentages of gutta-percha filled 
area were found in teeth obturated with thermoplastic te-
chniques compared to the LC technique (Table 2). 

It has been reported in one article that the Thermafil ob-
turation technique had the lowest percentage of sealer 
and the highest volume of obturation material in the mi-
ddle and coronal third of oval-shaped canals compared 
to cold obturation techniques (single cone and lateral 
condensation); however, in the apical third the obtu-
ration material was observed to be well adapted to the 
canal wall for all techniques. The TF system allowed gu-
tta-percha to flow into the uninstrumented canal spaces, 
providing a better result in terms of adapting to the canal 
shape (17). In this study, similar results were obtained in 
the middle and coronal thirds in terms of the low amount 
of sealer and the high amount of gutta-percha in the TF 
group. The quality of the obturation of the samples ob-
tained in this investigation was not analysed in the api-
cal third because teeth usually have a rounded section 
at that level.  These results are consistent with those of 
the study by Mancino et al., in which, at the level of the 
middle third, the GuttaCore and Thermafil groups had 
significantly more gutta-percha and less sealer compa-
red to the continuous wave and single cone condensation 
group (18). 
In the TF group, a relatively high standard deviation 
was found (±15.23) (Table 2), indicating high variabi-
lity in the amount of gutta-percha in this group. These 
findings contradict those reported by De-Deus et al., 
who reported a very low standard deviation, giving this 
obturation technique greater homogeneity when filling 
round canals (19). Previous studies reported that the 
TF technique allowed the thermoplastic gutta-percha to 
flow better in the lateral canals, generating fewer voids 
and adapting to the root surface (20,21). Despite the fa-
vourable results obtained with TF, the complex anatomy 
of the oval-shaped canals did not allow for complete 
obturation without voids, as has been observed in this 
and other studies (22,7). However, a greater obturation 
capacity was observed in the TF group with respect to 
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WL, with a significantly higher percentage of voids in 
the group obturated with the lateral condensation techni-
que at 5 mm from the apex. This data does not coincide 
with the study by Uzunuqlu et al., in which the percen-
tage of gaps in the lateral condensation technique was 
compared with the Herofill system, and no significant 
differences were found between the two techniques (23). 
These variations in results may be due to the different 
methodology used, such as the instrumentation system 
and the absence of sealer in the obturation. 
A recent study compared the amount of voids pre-
sent in both LC and GC techniques using the μCT and 
cross-sections. The results obtained showed statistically 
significant differences: both non-destructive and des-
tructive observation methods identified significantly 
lower percentages of voids in the canals obturated with 
GC (7). Very similar results have been observed in this 
study. The percentage of voids obtained at both 5 mm 
and 7 mm in the GC group were significantly lower 
compared to the LC group, with values of 1.81% and 
0.43% respectively, and the percentage of gutta-percha 
obtained was higher than 90% (Table 1).
Among the most significant results of this study (TF, GC, 
VC and LC), the vertical condensation technique (VC) 
stood out as having the lowest percentage of voids at both 5 
mm and 7 mm, the difference being statistically significant 
at 7 mm (0.33%). When comparing the values of voids, 
sealer and gutta-percha at 5 mm and 7 mm, statistically sig-
nificant differences were found, with a higher percentage of 
gutta-percha area and a lower amount of voids and sealer at 
7 mm (Table 1). Therefore, it can be said that the obturation 
of the oval-shaped canals was better at 7 mm.
In this study, the samples were cut and this could be a 
weak point of the method used. During the sectioning 
process of the samples, the gutta-percha can be dragged 
in the contact between the cutting object and the obtu-
rated tooth, modifying the original obturation of the ca-
nal. Micro-CT is characterised by good reproducibility 
and accuracy for analysing root canal obturations, as the 
non-destructive technique provides a clear image of the 
samples and produces a three-dimensional view of the 
canal. However, axial sections obtained with micro-CT 
appear to have insufficient resolution to find the origin 
of the gap in the canal obturation when compared to 
microscopy studies (7). The promising development of 
computerised nano-tomography for the study of mate-
rials and the quantitative analysis of the quality of root 
canal obturations may be an interesting avenue of re-
search to pursue (24).

Conclusions
All techniques left areas of the canal unfilled. Howe-
ver, the thermoplastic techniques obtained significantly 
lower percentages of voids area than those obtained with 
the lateral condensation technique. The vertical conden-

sation technique was the thermoplastic obturation tech-
nique with the lowest percentage of voids area with sta-
tistically significant results in the coronal third. 
Based carried obturation techniques (Thermafil®, Gu-
ttaCore®) and the continuous wave vertical condensa-
tion technique achieved significantly higher percentages 
of gutta-percha area than the lateral condensation techni-
que. With regard to the area occupied by sealer, both at 5 
mm and 7 mm the percentage was higher for the lateral 
condensation technique compared to the three thermo-
plastic techniques.
The thermoplastic techniques can produce a better adap-
tation of gutta-percha in oval-shaped canals, leaving 
fewer empty spaces and a smaller amount of sealer in 
the middle and coronal thirds.
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