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Abstract The aim of this study was to compare different
obturation techniques in severely curved canals in terms of
the percentage of gutta-percha filled area and voids. The
obturation times and the incidence of extrusion of filling
material were also compared. Curved root canals (curva-
ture, 25–35°) of 48 extracted human teeth were enlarged
with Mtwo rotary NiTi instruments and obturated as
follows: Group A: 0.04/35 matched-single-cone; Group B:
cold lateral compaction with 0.04/35 gutta-percha master
cone; Group C: warm vertical compaction; Group D: lateral
compaction with standardized gutta-percha master cone. In
all groups AHPlus was used as sealer. The teeth were
sectioned horizontally at 2, 3, 4, 6 and 8 mm from the apex.
The total area of each canal segment was measured and the
areas of gutta-percha, sealer and voids were converted to
percentages of the total area. Data were subjected to the
Kruskal–Wallis and post hoc Dunn test. Obturation times
were compared using ANOVA and post hoc Student–
Newman–Keuls test. The matched-single-cone obturation
(group A) was significantly the fastest method while warm
vertical compaction (group C) required significantly more
time than all other techniques (p<0.05). No significant
differences were obtained between the groups in terms of
percentage of voids at any level (p>0.05). At all levels,
groups B, C, and D produced significantly higher gutta-
percha filled areas (p<0.05) and lower sealer-filled areas

(p<0.05) than group A. No significant differences were
found between groups B, C, and D (p>0.05) regarding
gutta-percha and sealer-filled areas. Within the limitations
of the in vitro study, it can be concluded that lateral
compaction of greater taper gutta-percha cones is a fast and
efficient method for obturation of curved canals.
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Introduction

Besides proper cleaning and shaping of the root canal,
obturation is required to impede the flow of microorganisms
and toxins to the periapical tissue [1]. Several techniques have
been developed to achieve an adequate three-dimensional
obturation of the instrumented root canal [2]. The currently
most accepted and common technique is the cold lateral
compaction of gutta-percha in combination with a sealer [3–
7]. Gutta-percha is dimensionally stable [8, 9], whereas some
sealers shrink upon setting and dissolve over time [10–12].
Thus, the amount of sealer should be kept to a minimum and
a maximum amount of gutta-percha packed into the canal
should be aimed at [3, 13]. Therefore, the sealer should be
found only in a thin layer between the gutta-percha and the
canal wall [9, 14]. To achieve this goal, it has been suggested
to use gutta-percha compaction techniques for obturation, as
they maximize the volume of gutta-percha in the canal [15].
Hence, the assessment of the percentage of gutta-percha filled
area (PGFA) in cross-sections of root canals is an accepted
method to evaluate the quality of obturation [3, 7, 13–22].

Besides the classical cold lateral compaction technique
and modifications of this method [3, 15], techniques have
been introduced utilizing heat to gutta-percha in the canal.
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One of the best-known techniques is the warm vertical
compaction of gutta-percha, the Schilder technique [2].
Recently, it has been advocated to use gutta-percha cones that
match the taper and the size of rotary nickel–titanium instru-
ments [22, 23]. These gutta-percha cones having greater
tapers should be used as a single-cone technique following
rotary preparation using nickel–titanium instruments [22, 23].
Whether or not these matching gutta-percha cones should be
used in a “single-cone technique” or in combination with
accessory cones is currently open to question. Moreover,
information whether these matching gutta-percha cones
provide a seal equally to that obtained when employing the
warm vertical compaction is scarce up to now.

The primary aim of the present study was to compare
four different obturation techniques in severely curved
canals instrumented with rotary nickel–titanium files in
terms of percentage area of filling materials and voids at
different levels of the root. Moreover, the obturation
techniques were compared regarding the incidence of apical
extrusion and obturation times.

Materials and methods

Selection of teeth

A total of 48 extracted human teeth with at least one curved
root canal were selected. After coronal access, apical patency
of the canal was checked. Working length (WL) was obtained
by measuring the length of the initial instrument (size 10) at
the apical foramen minus 1 mm. Only teeth with intact root
apices, no visible signs of fractures or cracks (4× magnifica-
tion), and whose canal width near the apex was approximately
compatible with size 15were included. This was checked with
silver cones sizes 15 and 20 (VDW, Munich, Germany).

Standardized radiographs were taken prior to instrumen-
tation with the initial file inserted into the canal. The tooth
was placed in a radiographic mount made of silicone-based

impression material (Silaplast Futur; Detax, Ettlingen,
Germany) to maintain a constant position. The degree and
the radius of canal curvature were determined using a
computerized digital image processing system [24]. Only
teeth whose radii of curvature ranged between 5.0 and
9.0 mm and whose angles of curvature ranged between 25°
and 35° were included, and the distance between the apex
and the cement–enamel junction (CEJ) was measured.

Root canal preparation

Only one canal was instrumented in each tooth. All canals
were enlarged in the following sequence of Mtwo NiTi
instruments (VDW) using the torque limited automated
device Endo IT (VDW): 0.04/10; 0.05/15; 0.06/20; 0.06/25;
0.06/30; 0.04/35. All instruments were used to full WL.
After each instrument, the canals were flushed with 5 mL of a
2.5% NaOCl solution using a 30-gauge needle (NaviTip,
Ultradent, Munich, Germany). All preparations were com-
pleted by one operator. Before obturation, each canal was
flushed with 10 mL EDTA (17%) to remove the smear layer
and finally with 10 mL NaOCl then dried with paper-points.

Based on the degree and the radius of curvature and the
distance between the CEJ and the apex, the teeth were
allocated into four identical groups of 12 teeth. The
homogeneity of the groups with respect to these three
criterions was assessed using ANOVA and post hoc
Student–Newman–Keuls test (Table 1).

Root canal obturation

Following root canal preparation, master cones were fitted
with tugback at WL, were slightly coated with sealer and
placed into the canal until WL. In all groups, AHPlus
(DeTrey Dentsply, Konstanz, Germany) was used as sealer,
and prior to obturation small amounts were applied to the
canal using a K-file size 25 in a counter-clockwise rotation.
Subsequently, different procedures were followed for each

Table 1 Characteristics of curved root canals (n=12 teeth per group)

Group Curvature [°] Radius [mm] Distance CEJ-apex [mm]

Mean SD Range Mean SD Range Mean SD Range

A 30.98 2.93 25.0–35.0 7.10 1.30 6.3–8.6 13.50 1.61 11–16

B 30.87 3.53 25.8–35.0 7.07 0.99 6.0–8.4 13.62 1.44 11.5–16.5

C 31.03 2.96 25.7–34.8 6.98 1.36 5.0–8.7 13.58 1.49 12–17

D 30.93 2.65 25.1–34.1 6.99 1.49 5.1–8.8 13.54 1.39 11–15.5

p=1.000 p=0.995 p =1.000

Group A: 0.04/35 matched-single-cone; Group B: lateral compaction with 0.04/35 gutta-percha master cone; Group C: warm vertical compaction;
Group D: lateral compaction with standardized gutta-percha master cone

CEJ cement–enamel junction
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group. All obturation were carried out by the same operator
(SB) who was proficient in all the obturation techniques
tested. Prior to this study the operator (BS) was trained in a
pilot study to ensure that he was equally experienced in all
the obturation techniques.

Group A: matched-single-cone obturation with a master
cone (0.04/35 Mtwo gutta-percha, VDW) matching the
final instrument used for preparation.

Group B: cold lateral compaction with a master cone (0.04/
35 Mtwo gutta-percha) matching the final file used for
preparation. A size 25 NiTi finger spreader was introduced
for the first time to 2 mm short to WL. Sealer-coated 0.02/20
accessory cones (VDW) were used for lateral compaction. As
many accessory cones as possible were placed into the canals
until the same level (8 mm from the apex) was reached.

Group C: warm vertical compaction using Machtou NiTi-
(size 0) and stainless steel pluggers (sizes I–IV; all VDW) for
the down-pack and Beefill (VDW) for the backfill. The tip of
a size 35 standardized gutta-percha cone (VDW) was trimmed
back (shortened at the tip by 0.5–1 mm) until tugback was
achieved at WL. Heated pluggers (using a Bunsen burner
flame) were used for compaction of the primary gutta-percha
cone in the apical portion of the canals. Apical pressure with
the pluggers was applied until a distance of 3–5 mm of the
WL was reached. The coronal portion of the canal was
obturated using thermoplasticized gutta-percha (Beefill, set to
180°C), which was vertically condensed in 2–3 mm incre-
ments with hand pluggers.

Group D: cold lateral compaction with standardized
gutta-percha cones (0.02/35; VDW). Lateral compaction
was performed as described for group B.

A heated plugger was used to remove the coronal excess
gutta-percha with no further vertical compaction. Teeth
were stored for 14 days at 37°C and 100% humidity to
allow the sealer to set completely. The time required for
total obturation was recorded and any extrusion of filling
material (sealer and/or gutta-percha) was noted using a yes/
no scheme. No further assessment regarding the quantity of
extruded material was made.

The teeth were embedded in resin blocks (Technovit,
Heraeus-Kulzer, Wehrheim, Germany) and sectioned horizon-
tally with a 0.1-mm-low-speed saw (Leitz, Wetzlar, Germany)
under water-cooling at 2,3,4,6, and 8 mm from the apex.
Sections were photographed at 20× magnification with a
digital camera (Minolta dynax, Leitz, Wetzlar, Germany) using
a stereomicroscope (Leica, Wetzlar, Germany). On these
digital images of each segment, the total area of each canal
segment and the areas of its contents (gutta-percha, sealer,
voids) were measured in a metric system using the ImageJ
software (National Institute of Health, public domain). The
area of gutta-percha, sealer and voids were converted to
percentages of the total area. The analysis of these cross-
sections was made by a second examiner who was blind in

respect of all experimental groups. For each section, measure-
ments were repeated three times and the means were
calculated.

The average area values of each section for each filling
component were compared for the groups. As data were not
normally distributed (Kolomogorov–Smirnov test), they were
subjected to the nonparametric Kruskal–Wallis test and post
hoc Dunn test. The incidence of apical extrusion was analyzed
using the Chi-square test. No further differentiation between
extruded sealer and/or gutta-percha was made. Obturation
times, which were normally distributed, were compared using
ANOVA and post hoc Student–Newman–Keuls test. The
level of significance was set at p<0.05.

Results

Statistical analysis revealed that the groups were well-
balanced concerning the parameters degree and radius of
curvature and the distance CEJ-apex (Table 1).

The results for gutta-percha, sealer and voids ratios in
each section are summarized in Table 2. No significant
differences were obtained between the groups in terms of
percentage of voids at any level (p>0.05). At all levels,
groups B, C and D produced significantly higher PGFA
(p<0.05) and lower sealer-filled areas (p <0.05) than group
A. No significant differences were found between groups
B, C, and D (p>0.05). In all groups, the PGFA increased
and the area of sealer decreased steadily from the apical to
the coronal section.

The mean time taken to obturate the canals is shown in
Table 3. The matched-single-cone obturation (group A) was
significantly faster than the other techniques (p<0.05). The
use of matching gutta-percha cones in combination with
lateral compaction (group B) was significantly faster than
lateral compaction using standardized gutta-percha cones
(group D) and warm vertical compaction (group C), which
required significantly more time than all other techniques
(p<0.05; Table 3).

A significant higher incidence of extrusion of filling
material (Table 3) was recorded for the warm vertical
compaction compared with the matched-single-cone tech-
nique (p<0.05). All other differences were not statistically
different (p>0.05).

Discussion

Experimental setup

Most sealers shrink upon setting and dissolve over time
[10–12], whereas gutta-percha is known to be dimension-
ally stable [8, 9]. Therefore, the PGFA has been used to
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evaluate the quality of obturation in numerous studies [3, 7,
13–23, 25–27]. While most of these studies evaluated
obturation of straight canals [3, 13, 14, 18, 20, 23, 25, 26]
data regarding the quality of obturation of severely curved
canals is limited [21, 22, 27]. Moreover, some investiga-
tions aimed at a comparison of different preparation-filling
combinations [13, 19, 25], while in the present study the
ability of different obturation techniques was analyzed
using severely curved canals, all of them instrumented with
the same preparation technique.

In the present study, Mtwo instruments were selected for
preparation as matching gutta-percha cones for these
instruments have been introduced by the manufacturer
recently, but up to now no information regarding the
quality of obturation they provide is available. Mtwo files
have been reported to be safe and respect canal curvature
very well even in severely curved root canals [28].

The methodology used in the present study is based
primarily on measurements of filled canal areas and voids.
When evaluating the obtained results, it should be taken into
consideration that this method, although used frequently in
previous studies [13–23, 25–27], has some immanent
weaknesses. When cutting the teeth, smearing of the filling
on the section surface might occur despite the fact that water-
cooling was used. Unnoticed smearing might have influ-
enced accurate measurement of small void areas. Moreover,
when using sliced sections only two-dimensional assess-
ments of void areas can be made. Thus, in order to overcome
these shortcomings, the additional use of non-destructive
scans of the teeth would be beneficial.

Due to these limitations of the methods and in view that
the present study is presenting in vitro results, the
extrapolation of the results obtained to the clinical
performance of the different obturation methods must be
taken with the utmost caution.T
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Table 3 Mean obturation time and standard deviation with the
different techniques and number of canals showing extrusion of
filling material

Group Time [s] Extrusion of filling material

Mean SD Number of canals

A 44.00 a 4.32 1

B 105.25 b 4.45 5

C 259.08 d 15.35 9

D 180.50 c 15.61 4

p<0.05 p=0.021

Group A: 0.04/35 matched-single-cone; Group B: lateral compaction
with 0.04/35 gutta-percha master cone; Group C: warm vertical
compaction; Group D: lateral compaction with standardized gutta-
percha master cone. Values with the same letters were not statistically
different at p=0.05
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Principal findings

Similar percentages of gutta-percha and sealer-filled areas
were found in canals filled either with lateral compaction of
matched gutta-percha cones, warm vertical compaction and
lateral compaction of standardized gutta-percha cones at all
levels evaluated, while single cone obturation resulted in
significantly lower values for gutta-percha and higher for
sealer-filled areas (Table 2). These findings agree with
those of a previous study [29] in which matching gutta-
percha cones were found to be more efficient in obturating
straight canals enlarged with rotary NiTi instruments than
standardized gutta-percha cones but are in contrast with
other reports [22, 23]. In the latter studies, curved [22] as
well as straight canals [23], were instrumented either with
ProFile [22] or ProTaper instruments [23] (both Maillefer,
Ballaigues, Switzerland) and obturated with matching
single cones. No significant differences between laterally
compacted and single-cone gutta-percha were detected at
any level. These differences can be attributed to the fact that
straight [23] and less curved canals (19.7°–25.6°) [22] were
used, while in the present study mean curvatures ranged
between 30.87°–31.03° (Table 1). Moreover, it is currently
unknown in how far the Mtwo gutta-percha cones corre-
spond perfectly with the Mtwo instruments regarding taper
and diameter. Finally, other factors affecting results (e.g.,
root canal shape and operator variability) limit direct
comparison between these different studies [23].

The mean PGFA in canals belonging to groups B–D
ranged between 76.2% and 93.4% while for canals filled
with single cones PGFA ranged between 61.1% and
83.6%. Similar values have been reported in earlier
studies [13, 17, 23]. Also, the obvious trend for increase
of PGFA from apical to coronal direction corroborates
with previous reports using the same filling techniques
[13, 22].

Single-cone obturation was significantly the fastest
technique followed by lateral compaction of 0.04 taper
Mtwo gutta-percha cones, which was significantly faster
than the other techniques (Table 3). This finding is in
agreement with previous reports [22, 23]. The two most
time-consuming techniques were cold lateral and warm
vertical compaction, as already reported previously for the
lateral compaction technique [13]. The reason why warm
vertical compaction took significantly more time than cold
lateral compaction might be because the pluggers were
heated using a Bunsen burner flame. It can be assumed that
using an electric heat carrier would have resulted in
markedly shorter obturation times.

No significant differences regarding gutta-percha and
sealer-filled areas were obtained between these two techni-
ques at any level (Table 2), which is in agreement with the
findings of other studies [3, 13, 17].

Conclusion

Under the condition of this in vitro study, it appears that the use
of matching Mtwo gutta-percha cones in combination with
cold lateral condensation of standardized accessory cones
seems to be a suitable alternative for obturation of curved
canals compared to cold lateral compaction of standardized
gutta-percha cones and warm vertical compaction.

Conflict of Interest The authors declare that they have no conflict
of interest.
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