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ABSTRACT

INTRODUCTION: Three dimensional obturation is an essential factor for the success of root canal treatment which is achieved by the
adaptation of the root filling to the canal walls to create a homogenous mass of filling.

OBJECTIVES: To compare the obturation quality of different obturation techniques in curved canals using two rotary systems by CBCT.
MATERIALS AND METHODS: Forty mesial roots of mandibular first molars were selected, decoronated to 12mm length and divided into two
groups (n=20). Group I: instrumented with Protaper Next file system; Group II: instrumented with Wave One primary file, then they were subdivided
into subgroups (A1, A2 and B1,B2) according to the obturation technique used . Subgroups (A1, A2) were obturated with single cone technique while
subgroups (B1, B2) were obturated using cold lateral compaction technique.Pre and post obturation CBCT images were used to assess the volume of
voids in the filled canals. Data were analyzed using Kruskal-Wallis and Mann-Whitney tests.

RESULTS: Subgroup B1 showed the least amount of voids with percentage (14.82%), while subgroup B2showed the highest amount of voids with
percentage (40.16%) when compared to the other subgroups. At the coronal level, subgroup B1 showed less volume of voids with mean percentage
(13.4149.11), while subgroup B2 showed higher amount of voids with mean percentage (23.17+5.27) than subgroups (Aijand Az). At the middle
third, there was no significant difference between the four subgroups. Apically, single cone subgroups (A1 and A) produced significantly less
volume of voids than lateral compaction subgroups.

CONCLUSIONS: Protaper Next group obturated with lateral compaction technique provided the least amount of voids followed by the two

single cone subgroups, while Wave one group obturated with lateral compaction technique provided the highest amount of voids.
KEYWORDS: CBCT, Protaper Next files, Wave one files, AH plus, Lateral Compaction, single cone technique.
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INTRODUCTION

The most important factors for a successful root canal
treatment are biomechanical instrumentation of the root
canal for disinfection and dissolution of organic matter to
eliminate bacterial pathogens and the three-dimensional
obturation of this space (1) for impeding the reinfection and
hampering the flow of microorganisms and toxins to the
peri-apical tissue (2-4).

Several techniques have been proposed to accomplish good
adaptability of the root canal filling to the canal space including
the cold lateral compaction which is considered the gold
standard and the most common technique and the use of
single-cone gutta-percha matching the taper and the
diameter of the canals prepared with engine-driven nickel-
titanium (NiT1) instruments (5).

Recently a new concept for NiTi files has been introduced
with different working motions that finish root canal shaping
with only a single file. One of these single-file systems is
Wave One (WO) (DENTSPLY Tulsa Dental
Specialties, Tulsa,0OK) which is used in a reciprocating
motion and is made of a special NiTi alloy (M-Wire) to
increase flexibility and improve cyclic fatigue of the
instrument(6-8). The primary WaveOne gutta-percha cones
have a taper of 0.08 over the first 3 mL that reduce to 4.3%
and 5.5%, respectively (9).

Another novel NiTi file system is the ProTaper Next (PN)
(Dentsply Maille fer, Ballaigues, Switzerland); it has an offset
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design , progressive and regressive percentage tapers on a
single file and is made from M-Wire technology having
various percentage tapers functions to decrease the screw effect
and dangerous taper lock by minimizing the contact between a
file and dentin(10).In the apical portion, Protaper Next
instruments (X1, X2, and X3) have less taper (0.04, 0.06, and
0.07, respectively) than ProTaper Universal (PU) finishing
files (F1, F2, and F3 and 0.07, 0.08, and 0.09,
respectively)(11,12). The Pro-Taper Next X2 gutta percha
cones have a taper of 0.06 at the first 3mmof apical tip, and the
other parts of the cone have both increasing and decreasing
percentage tapers (13).

Previous studies in this field had limitations including
measuring and calculating the percentage of surface areas of
filling material and voids by analysis of sectioned roots and
analysis of digital imaging software (14-17). These
calculations might not be accurate because some filling
material might be lost in the process of sectioning the teeth.
Although the use of water cooling smearing of filling on the
sectioned surface might also occur which may give inaccurate
measurements of small voids area (18). Moreover these
methods allow two dimensional views only of sections.

Cone beam computed tomography (CBCT) had been used
in the present study to allow 3D reconstruction and
visualization of external and internal anatomy of teeth (18) as
it is considered a noninvasive method aiming to overcome
limitations of previous methods.
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The aim of the present in vitro study was to compare
different obturation techniques (single cone and cold lateral
compaction) in curved canals prepared with two NiTi
systems (Wave One and Protaper Next) in terms of the
percentage of volume of voids and gaps in gutta- percha
filled canals using cone beam computed tomography
(CBCT).

MATERIALS AND METHODS

Forty mesial canals of mandibular first molar teeth with
fully developed root apices were used in this study. Teeth
were thoroughly cleaned from any soft tissue or calculus
deposition using curettes.

Teeth were selected such that the mesial root curvature
angle was equal or less than 20° according to Schneider
technique (19).

Access opening was performed by using high speed
round and endo —Z burs. A size # 10 k-file was inserted
through the canal 1 mm beyond the apical foramen to
establish apical patency, and then the working length was
determined.

The teeth were then divided into two groups (n=20)
according to instrumentation technique as follows:

Group I:

Instrumentation was done using Protaper Next with sequence
PN (X1, X2) in brushing motion with rotational speed of 300
rpm and torque 2.0-5.2 using (X-Smart Plus electric motor),
The ProTaper Next X1 (17/.04) instrument was introduced into
the root canal and slid down the glidepath up to the working
length, and then it was pulled back to approximately 2-3. mm
shorter than the working length, followed by a deliberate back
stroke outward brushing motion away from any external root
concavities. Finally, the file was taken to full working length
apically, then an outward brushing (coronally) was performed
This touch-and-brush sequence was repeated up to three or four
times according to the manufacturer’s recommendations. The
ProTaper Next X2 instrument (25/.06) was introduced to the
full working length using the same protocol discussed above.
Group II:

The canals were irrigated with 3ml of 2.5% NaOCl using a
27gauge needle. Wave One primary file was introduced into
the canal, activated by X-Smart Plus electric motor and applied
in reciprocating motion (according to the pre-saved program
on the motor) in and out movement without pressure. Shaping
procedure was performed until the file met resistance or
reached the full working length. After three pecking motions,
the instrument was removed from the canal, cleaned with
sterile gauze and the canals were irrigated with 3ml of 2.5%
NaOCl using a 27gauge needle. This procedure was repeated
until the instrument reached the original working length.

All specimens were scanned using Cone beam computed
tomography (J.Morita R100 cone beam 3D imaging system)
to scan the specimens at two stages (before obturation and
after obturation of the root canals). The scan was done with
a field of view (FOV) of 100mm x H 80mm. The volumes
of interest were then reconstructed with 0.260 mm isometric
voxel size. The tube voltage was 90kVp and 8 mA and the
exposure time was 9.4 seconds.

Obturation
After CBCT imaging, each group was subdivided into two
subgroups according to obturation technique used:

Subgroup Al: single cone technique with Protaper Next
matching single gutta percha cones corresponding to files (X2)
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Subgroup A2: single cone technique with Wave one
matching single gutta percha cones corresponding to primary
file.

Subgroup Bl:  Lateral compaction technique with
standardized gutta percha cones.

Subgroup B2: Lateral compaction technique with 0.2%
standardized gutta percha cones.

AH-plus was used as sealer for all groups and mixed
according to manufacturer's instructions.

For subgroups Al and A2: small amounts of sealer were
applied to the canal by using a K-file #size 25 in a counter-
clockwise rotation. Then the single cone was coated with
sealer and inserted inside the canal to the full working
length.

For subgroups B1 and B2: master gutta percha cone size
25 (2% taper) was selected and inserted into the canal, tug
back was ensured, the canals were filled using lateral
compaction technique by inserting spreader size #25 coated
with sealer 1 mm shorter than the working length next to the
master cone and the accessory gutta-percha cones were
placed in the space provided by the spreader. This process
was repeated until the spreader did not penetrate more than
1-2:mm from the canal orifice.

After completion of obturation procedures, a heated
plugger was used to remove the excess gutta-percha with no
further vertical compaction.

The teeth were kept at 37 °c with 100 % humidity for 7 days
to allow the sealer to set.

Evaluation of the quality of root canal filling

Before and after obturation, the canal of each specimen was
traced and total volume was measured (as showed in Figure
1). The voids and gaps were determined by subtraction of
the total volume of obturated canal from the unobturated
canal then the volumes of those gaps were calculated.
Vofvoids= V pre = v post

The percentage of volume of voids and gaps was
analyzed separately for the apical, middle and coronal thirds
of roots at intervals of (3, 6, and 9 mm, respectively).

STATISTICAL ANALYSIS

Data were collected, revised, coded and fed to statistical
software IBM SPSS version 20. The given graphs were
constructed using Microsoft excel software.

All statistical analysis were done using two tailed tests
and alpha error of 0.05. P value less than or equal to 0.05
was considered to be statistically significant and the results
were analyzed using Independent sample T-test, Mann
Whitney and Kruskal Wallis tests.

RESULTS

Regarding the volume of voids; all experimental groups
showed voids within the root canal fillings. Although no
significant difference was found between subgroup B1 and
subgroups (Aland A2), subgroup B1 showed less amount
of voids with mean percentage (14.82%) when compared to
subgroups (Al and A2) with mean percentage (24.59%and
26.68%), respectively. Subgroup B2 showed statistically
significant higher amount of voids with mean percentage of
(40.16%) compared to all other groups. (As shown in table
1 and Fig. 2)

Regarding the volume of voids at apical, middle and
coronal thirds (3, 6, 9mm, respectively) from the apex; at
the coronal third subgroup B1 showed the least amount of
voids with a mean percentage (13.41+ 9.11) with no
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significant difference with subgroup Al with a mean
percentage (16.47+6.06) at (p=0.388), while subgroup B2
had significantly higher percentage of voids with mean
percentage (23.17+ 5.27) than subgroup A2 with mean
percentage (16.80+6.54) at (p=0.027). At the middle third
there was no significant difference between the four
subgroups as the mean percentage for subgroup Al was
(33.36+5.26), subgroup B1 was (31.96+7.73), subgroup A2
was (35.3846.63) and subgroup B2 was (33.77+2.90).
Apically, the single cone technique subgroups showed
significantly lower volume of voids than lateral compaction
subgroups. For subgroups (Aland B1) the mean percentages
of voids were (50.17+4.20) and (54.63+5.57), respectively (p
=0.050), while for subgroups (A2and B2) the mean percentage
were (43.06+3.39) and (47.82+5.58), respectively (p =0.033)
(As shown in table 2).

Before

V= 2.5107 mm®

V= 4.7707 mm?* V= 4.6468 mm*

V= 3.9545 mm® V= 3.014 mm®

V= 4.9700 mm? V= 4.7707 mm?

Figure 1: Comparison between the volumes of the canals before
and after obturation for each sub group of the two-groups

DISCUSSION

After proper chemomechanical debridement of the root canal
system, subsequent 3-dimensional (3D) obturation of the canal
space to full working length is another crucial treatment step
that has an impact on the success of treatment outcome
(20,21).

Several techniques combining gutta-percha and sealers
have been proposed to ensure void-free obturation of the
debrided root canal space and to accomplish good
adaptability of the root canal filling material (22).

The present study evaluated the obturation quality of two
techniques (single cone obturation technique and lateral
compaction technique) in terms of the percentage of voids
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using two NiTi systems of two different motions techniques:
reciprocating technique using Wave One single file system
and continuous rotation technique using Protaper Next file
system. Evaluation of the obturation quality of their
matching single cones according to the effect of the
finishing file taper on the prepared canal was done.

The current study showed no significant difference between
the two variable taper single cones of the rotary systems, Shafer
et al (9) also found no significant difference between variable
taper cones when using (Protaper Universal, Wave one and
Reciproc) file systems.

Our study showed that the type of instrument and its
taper had an effect on the quality of obturation where the
Protaper Next group exhibited better results than Wave
One group. This was in agreement with Caper et al (13) who
found higher percentage of gutta percha in canals prepared
with ProtaperNext file than canals prepared with Wave One
file .This could be attributed to Protaper Next file design and
its swaggering action which might increase the volume of
filling material inside the canal enhancing the quality of
obturation .On the other hand, Shafer et al (23) found that
the type of instrument and its taper used had no influence
on the quality of obturation as he found no significant
difference in percentage of gutta percha after using both
variable and constant taper finishing files.

Mesial roots of mandibular first molars were selected for our
study, with standardization of the angle of curvature to be of
moderate curvature (10°-20%) according to Schneider’s
classification(19). Caper et al (13) used mesial curved roots of
mandibular molar as the preparation of a curved canal may
cause canal transportation, and subsequently result in a root
canal shape that does not match the corresponding single gutta
percha cones. This could result in voids on the outer wall of the
curve. However, Farea et al (24) and Zogheib et al (21) used
straight round teeth in their study to minimize anatomical
variation and allow standardization. Gordon et al (22) stated
that the use of single cone relied on the original geometry of
the canal so the use of the matched cones would commonly be
suitable for the cases of mesial and distal roots of maxillary and
mandibular molars of small diameters, while oval-shaped and
root canals with larger diameters required excessive
preparation with thick and more tapered instruments to fit the
cones to the root canal.

After instrumentation and prior to obturation of the
specimens, the teeth were scanned for estimating the
volume of the empty spaces of the canals using cone beam
computed tomography. The J. Morita R100 cone beam 3D
imaging system was used due to its high resolution (125 pm
voxel), as described by the manufacturer. The measurement
of pre-obturation volumes of the canals allowed the precise
estimation of volume of voids of specimens. This regimen
was carried out by Naseri et al (25) who measured the pre
and post obturation volumes for estimation of the volume of
voids in the canals.

The only limitation of cone beam computed tomography
(CBCT) method is that it couldn't distinguish between
sealer and gutta percha. This was in accordance with
Asbheibi et al (26). On the other hand, Yigit et al (27) found
the same limitation when using Micro cone beam computed
tomography.

In the present study, the results showed that there was no
significant difference between subgroup Bl(Protaper Next
group obturated with lateral compacted standardized gutta
percha cones) and subgroups A1&A2 (obturated with Protaper
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Next matching single cone and Wave One single cone,
respectively) , although subgroup Blexhibited less percentage
of voids than those two subgroups. This was in conjunction
with Hammad et al (28), AlHadlaq et al (29), Shafer et al and
(9)Shafer et al (23) who found that lateral compaction
technique produced higher percentage of gutta percha when
compared with single cone technique with no significant
difference between them.

Moreover, we found that there was no significant
difference between the single cone subgroups (Aland
A2),although Protaper Next single cone subgroup exhibited
less volume of voids than Wave One single cone subgroup
.This was in accordance with Caper et al (13) who stated
that matched cones of ProTaper Next files resulted in higher
percentage of gutta percha than Wave One group and he
found no significant differences between the different single
cone groups with regard to percentage of voids at all levels.

Significantly greater percentage of voids was found in
subgroup B2 (oburated with standardized gutta percha
cones and prepared with Wave One primary one) than
subgroups (Al and A2).In contrast to our findings, studies
made by Romania et al (30), ALHadlaq et al (29) and Shafer
et al (23)found that single cone technique produced lower
percentage of gutta percha and higher percentage of voids
than lateral compaction technique.

On comparing the four subgroups at three different
levels. At coronal level, greatest amount of voids was found
in subgroup B2, while subgroup Bl showed. the least
volume of voids with no significant difference with
subgroups (Aland A2) which had approximately equal
values. These findings were in agreement with Monticelli et
al (31) and Shafer et al (23) who stated that lateral
compaction technique produced less volume of voids at
(coronal level) than single cone technique. At the middle
level, there was no significant difference between the four
subgroups (A1,A2,B1,B2).At the apical third, single cone
technique subgroups (Al and A2) produced significantly less
volume of voids than lateral compaction subgroups (Bland
B2). These findings were in agreement with studies carried by
Hammad et al (28), Tasdemir et al (32) and Nica et al(33) who
found that single cone technique was able to fill the apical part
effectively as lateral compaction technique. This could be
attributed to the large taper of single matching cone
corresponding to the last finishing file: In contrast with these
findings, Romania et al (30),Marciano et al (34)and Shafer et
al(9)found no significant difference between single cone
technique and lateral compaction technique at any level.

CONCLUSIONS

It was concluded from this study that:

. None of the filling materials was able to provide a complete
hermetic seal, where all subgroups showed voids.

. Protaper Next group provided the best results at coronal and
middle thirds compared to Wave One group when used with
lateral compaction technique.

. Single-cone obturation technique was able to fill the apical
part effectively when compared to traditional lateral
compaction technique.
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Figure 2: Samples A, B, C, D showed the volumes of the canals

before obturation for subgroups (A1, Bi, Az, B»),
respectively. Samples E; F, J, H showed the volumes
of the canals after obturation for samples (A, B, C, D),
respectively.
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Table 1: Percentage of voids between the four studied subgroups.

Group

Subgroup

Volume of voids

SD

Median
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Volume % of voids

up up

Mean SD Median
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Al
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Next
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0.53 24.59

18.81 19.90 1.2
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14.82 9.58 12.76

Wave One
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B2 10.12 1.51

0.45 26.68
(0.650)

18.62 22.69 23

40.814 (0.049)"

40.16 18.83

6.5 (0.088)

U: Mann-Whitney d: significantly different group
P+: Kruskal-Wallis test

8.8 (0.033)*

Table 2: Percentage of voids at coronal, middle and apical thirds for the four subgroups.
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