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Abstract
Aim: To evaluate canal transportation and centering ability of Protaper and WaveOne systems in
curved root canals by cone-beam computed tomography. Methods: Twenty human molars
were randomly divided into two groups according to the system used: Group GP (ProTaper
Universal®) and group GW (WaveOne™). CT scans were performed before and after the
chemo-mechanical preparation on three points: 2 mm, 3 mm and 4 mm from the tooth apex. The
cuttings in dentin were measured and results were statistically analyzed. Results: In GP, there
was higher percentage in transport at 2 mm and 4 mm toward the mesial wall of the tooth root
compared to GW (p<0.05). There was no difference between the systems regarding their centering
ability. Conclusions: None of the systems was able to touch all the dentin walls and stay
centered during the chemical-mechanical preparation.
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Development of nickel-titanium (NiTi) rotary instruments provided easier
and faster root canal instrumentation 1-8. Many systems have different designs in
their structure to minimize procedural errors and achieve a predictable canal
preparation. Wherefore, it is important to evaluate the mechanical action of these
files in order to improve and optimize the endodontic instrumentation 5,7-12.
The ProTaper® rotary system has variable taper and some rigidity due to the
considerable amount of metal in its structure. These factors may limit its use in
curved and flattened root canals, since the instrument is subject to lock in the
cervical third and does not touch properly all dentinal walls 13. The WaveOne™
reciprocating system consists of biomechanical preparation with a single file that
presents greater flexibility and resistance to cyclic fatigue compared with the
conventional NiTi alloy, due to treatment of the M-Wire alloy. In addition, their
active part have less variation in taper, which could provide greater control of the
instrument by the clinician 2,4,9,11,14-19.
Cone-beam computed tomography (CBCT) is a modern and noninvasive
diagnostic feature with compact equipment, low dose radiation and allows
evaluation of detailed images using different settings. It is useful in comparing
anatomical structure of the root canal before and after biomechanical preparation,
allowing to detect deviations and transportation3,20-23. It may also allow assessment
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of centering ability of endodontic instruments that indicate
the ability of the instrument to remain centered in the root
canal 17,24.
Continuous evaluation of the mechanical behavior of
endodontic files is important to understand their effect on
the chemo-mechanical preparation. Thus, the aim of this study
was to evaluate canal transportation and centering ability of
Protaper and WaveOne systems in curved mandibular molar
mesial canals by CBCT.

Material and methods
After approval by the Ethics Research Committee of
the School of Dentistry of Piracicaba, University of Campinas
(Protocol number 094/2013), 20 human mandibular molars
from the toth bank of the Institute of Health Sciences, Federal
University of Bahia were selected. The method described by
Estrela et al. 22 was used to determine the degree of root
curvature. Only teeth with apical curvature between 20° and
40° in the mesial-distal direction were selected.
The tooth crowns were cross-sectioned with a diamond
disc (Buehler, Lake Buff, IL, USA) mounted in a
metallographic cutter (ISOMET 1000, Buehler) in low
rotation (300 rpm) and under constant water irrigation to
standardize the root length at 16 mm. Pulp tissue removal
from pulp chamber was performed with Endo-Z bur (DentsplyMaillefer, Ballaigues, Switzerland).

Preparation of the specimens

The teeth were randomly divided into 2 groups, n=10
per group (GP and GW) (Table 1), identified and mounted
in a jaw and attached with silicone impression material.
These procedures allowed positioning for tomographic
scanning and for standardizing the test for scans before
and after root canal procedures. The mesial-buccal roots
were marked in all their extension with a gutta-percha point
in order to serve as a reference for the measurement on the
images (Figure 1).

Chemo-mechanical preparation (CMP) of root canals

The working length (WL) was established at 15.0 mm.
The CMP was performed according to the manufacturer’s
recommendations (Table 1). In GW were first used #013 and
#016 PathFiles (Dentsply-Maillefer) to obtain the glide path
of the root canal; in GP the glide path was obtained with
#10 and #15 hand files. In both groups, irrigation/aspiration
at each file exchange was performed with 5.0 mL of 1%
NaOCl using a disposable syringe and needle. After
completing CMP, a final flush was done with 3.0 mL of

Fig. 1. Specimens mounted in a jaw and attached with silicone impression
material for positioning the scanner.

17% EDTA for 3 min followed by 3 mL of 1% NaOCl. Finally,
root canals were dried with absorbent paper points.
The diameter D0 of the final file was standardized at
0.25 mm for both groups, whereas the time spent by each
instrument in GP and the progressive insertion of the file in
GW was 30 s. In GP the “shaping files” were introduced
with brush movements on all root canal walls. The “finishing
files” in GP and the “primary file” of GW were introduced
with slight apical pressure in pecking motion up to the WL.
The electric engine used for instrumentation in both groups
was X-Smart Plus (Dentsply-Maillefer) with speed and torque
pre-established by the handset. All groups were prepared by
a single experienced clinician.

Analysis of images

Teeth were scanned before and after CMP perpendicular
to the beam of the Kodak 9000 3D unit (Trophy, France) CBCT
device with the following settings: 72 kV, 12 mA and 0.1 mm
voxel size. The specimen was allocated in a styrofoam box
with water to attenuate the radiation beams and simulate the
clinical conditions of the soft tissue. Calculation and comparison
of all scans were made by the CS 3D imaging software at 2 mm,
3 mm and 4 mm from the apex (Figure 2). References were
taken in axial, parasagittal and paracoronal dimensions and the
distances mesial-canal, canal diameter, distal-canal and mesialdistal, as well as buccal-canal, canal diameter, lingual-canal
and buccal-lingual were measured (Figure 3).
The parameters used to evaluate the centering ability
followed the proportionality method proposed by Gambill
et al. 17, using the following formula: D1=(x-x’)/(x 1-x 1') in
the buccal-lingual direction and D2=(z-z’)/(z 1-z1'), mesial-

Table 1. Kinematics description and the files used in this study. (Manufacturer: DentsplyMaillefer, Ballaigues, Switzerland)
System
ProTaper Universal®
WaveOne™
Braz J Oral Sci. 14(3):214-218

Motion
Continuous rotation
Reciprocation

Cutting
angle
Slightly positive
Reverse

File

Tip

SX, S1, S2, F1, F2
Primary

No cutting
No cutting
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Fig. 2. Computer screen displaying the multidimensional window of software CS 3D Imaging recording the images according to the selected cuts.

Fig. 3. Representative image of a CBCT scan before (A) and after CMP (B).

distal direction. If these numbers are not equal, the lower
figure is considered as numerator of the ratio. Result 1
indicates perfect centering. The direction of the canal
transportation was observed using the same method by
the following formula: T1=(x-x’)-(x 1-x 1') and T2=(z-z’)(z 1, z 1') 4. Result 0 (zero) means that there was no canal
transport, positive (buccal/distal transportation), negative

(lingual/mesial transportation).
For paired samples was used repeated-measures
ANOVA and Tukey’s multiple-comparison test or the
Friedman test for nonparametric data. The significance
level was set at 5%. Each tooth was evaluated at points 2,
3 and 4 mm in the buccal-lingual and mesial-distal
direction.
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Results

significant results in this study, corroborating with the results
of Kim et al.6 (2012). This indicates that the WaveOne singlefile system does not create excessive transportation compared
with ProTaper, allowing inferring that the reciprocating
systems are an effective alternative and tend to be routinely
used in endodontic treatment, being a safe technique.
According to Berutti et al. 2 (2012), the reciprocating
movement allows a more centralized CMP compared to
continuous rotary motion, especially in the apical third. The
authors report that quality in debris removal is similar to the
sequence of ProTaper instruments up to F2 file. In this study,
despite of WaveOne having touched less mesial and lingual
walls of the root canal than ProTaper, it remained more
centered in the root canal, in the mesial-distal direction as
well as in the buccal-lingual one. However, the fact that the
instrument remained centered does not necessarily imply that
a balanced motion and who managed to touch properly on
the canal walls, possibly due to a clamping of the file in the
coronal third.
Versiani et al. 18 (2013), assessed by micro-computed
tomography the instrumentation of oval canals by WaveOne,
Reciproc, Self-ajusting (SAF) and ProTaper systems. The
authors observed areas with untouched dentin. ProTaper and
WaveOne systems obtained similar results and the lowest
untouched areas compared to SAF. Thus, it is possible to
admit that frequently the number of untouched areas by the
files is due either to a deficiency of the technique, but also
to anatomical irregularities. This study corroborated this idea,
since in both groups it was observed in certain points that
the instrument was not able to touch the dentinal walls. This
fact may result in clinical implications where portions of the
root canal could remain contaminated, especially in the apical
third, and this can maintain the infection.
A differential of this study is the fact that it considered
the centering ability and canal transportation in both root
directions (buccal-lingual and mesial-distal) and not only in
one direction (usually the mesial-distal) as most studies
do4,17,24, allowing a wide approach to the mechanical action
of the tested files.
Considering the methodological limitations of this

The results showed a high rate of transportation at 2
mm level (p<0.05) for the mesial wall of the root canal in
GP (Table 2). Comparing the groups, both presented a high
rate of mesial transportation at the 4 mm level (p<0.05).
In relation to the centering ability, both tested systems
left untouched dentine areas (Table 3) and created transport
the root canal towards buccal and/or mesial directions.

Discussion
The CBCT is an effective tool for comparisons between
mechanical performances of endodontic instruments and has
been widely used to evaluate area, volume, centering ability
of instruments and transportation of the root canal 4-5,7. In
this study we used the CS 3D imaging software (Kodak Dental
Systems), which allows performing measurements in detail
and the analysis of the same point on different dimensions
at the multidimensional reconstructions. The fidelity of this
examination is the standard for this kind of assessment.
During the CMP of curved root canals, files tend to be
linear over the entire canal and have more wear of inner wall
of curvature in the coronal third and toward the outer edge
of the root 20,23 . Several studies have shown little
decentralization and transportation of root canal during
cleaning and shaping due to the flexibility of NiTi automated
instruments3,5,9-10,14,19,24-26. The degree of curvature of the root
canal, file taper and the canal flattening might influence
negatively the CMP13. It could be the reasons why in both
groups there was a higher rate of mesial transportation. In
GP, there was a higher rate of transportation in the mesial
canal wall, which reinforces the above-mentioned idea.
The cross section and the surface treatment of the
WaveOne system increase their mechanical efficiency and
contribute to a balanced action in CMP. However, the time
required for instrumentation seems to influence directly the
appropriate modeling of the root canal system. This may
have been the reason why WaveOne did not produce

Table 2. Mean and standard deviation of transportation of root canal.
Direction
Buccal-lingual
Mesial-distal

Group
GP
GW
GP
GW

2mm
0 ± 0.1
-0.2 ± 0.3
-0.04 ± 012**
0.06 ± 0.2

3mm
0 ± 0.3
-0.1 ± 0.3
0.13 ± 0.2
0.05 ± 0.3

4mm
0.1 ±0.3
0 ± 0.4
-0.1 ± 0.2
0.07 ± 0.2

p value*
0.875
0.521
0.039*
0.986

* ANOVA with repeated measures, ** Tukey’s test (p<0.05).

Table 3. Mean and Standard Deviation of centering ability.
Group
GP
GW

Distance
Buccal-distal
Mesial-lingual
Buccal-distal
Mesial-lingual

Friedman test (p < 0.05).
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2mm
-0.22 ±
-0.09 ±
-0.15 ±
-0.16 ±

0.2
0.1
0.1
0.1

Point
3mm
-0.22 ±
-0.07 ±
-0.21 ±
-0.14 ±

p-value
0.2
0
0.1
0.1

4mm
-0.16 ±
-0.09 ±
-0.14 ±
-0.13 ±

0.1
0.1
0.1
0.1

p>0.05
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study, particularly the use of CBCT instead of microcomputed tomography that has more accuracy, we conclude
that there was a low percentage in the centering ability of
the tested instruments with a considerable index of partially
or completely untouched dentinal walls during CMP. The
degree of transportation does not seem to compromise the
preparation of root canals since both automated systems
proved being able of providing good shaping.
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