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Shaping ability of rotatory or reciprocating 
instruments in curved canals: 
a micro-computed tomographic study

Abstract: This study aimed to compare apical transportation, centering 
ratio, and working time during root canal preparation with Wizard 
Navigator (WN), WaveOne (WO), or ProTaper Universal (PT) and to 
describe deformation and fracture of these instruments. Thirty-six 
mesiobuccal roots from maxillary molars were micro-computed 
tomography (micro-CT) scanned and then sorted into three groups 
(n = 12): Wizard Navigator (WN), WaveOne (WO), and ProTaper 
Universal (PT). The root canals were prepared using WN, WO, or PT; 
the time of each canal preparation was timed; and the specimens were 
micro-CT re-scanned. The instruments were submitted to scanning 
electron microscopy (SEM) before and after their use. The data on 
canal transportation at 1, 2, 3, 4 and 5 mm and preparation time were 
analyzed by the Kruskal-Wallis test, followed by the Mann-Whitney U 
test. The centering ratio was analyzed by ANOVA, followed by Tukey’s 
test. Both instrument deformation and fracture were described. Apical 
transportation was similar among groups at 1, 2, 3 and 4 mm. The 
WO group showed higher canal transportation at 5mm than the other 
groups (p = 0.03). There was no significant difference in centering ratio 
among the groups. Preparation time in the WO group was significantly 
lower than in the other groups (p = 0.004). Small differences were 
observed in the surface area of all instruments. The WN, WO, and 
PT groups had a similar centering ratio without procedural errors or 
significant structural changes. At 5 mm from the apex, the WO group 
showed the largest canal transportation toward the furcation and root 
canal preparation was faster than in the WN and PT groups.

Keywords: Reciprocating Instrument; Rotatory Instrument; Micro-CT; 
Root Canal Preparation.

Introduction
The success of endodontic treatment depends on several factors,1 including 

the preservation of the original root canal anatomy.1 Nickel-titanium (NiTi) 
instruments were designed to improve the ability to maintain the original 
shape of curved canals after their preparation.2,3 This can be attained 
thanks to their elastic behavior and elastic memory.4,5

Regardless of the advantages of rotary NiTi instruments, they appear to 
have a high risk of fracture.6 The variables that contribute to deformation and 
fracture of these instruments include root curvature radius, diameter and 
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design of the instrument, cross-sectional area, torque 
and rotation speed, technique used, and expertise 
of the health professional.7,8,9,10 Surface treatments of 
metals and metallurgical characterization of NiTi 
alloys also influence the morphological changes and 
may decrease the rates of fracture.11,12

The Wizard Navigator (Medin, Nové Město na 
Moravě, Czech Republic) is a rotary system in which NiTi 
instruments have a triangular section and an inactive 
tip. This system provides constant taper throughout 
the sequence of instruments used, while the Protaper 
Universal System (Dentsply Maillefer, Ballaigues, 
Switzerland) shows a variable taper. The system consists 
of six instruments: W1 (10/.04), W2 (15/.05), W3 (20/.06), 
W4 (25/.06), W5 (30/.06), and WXN (25/.07). 

The WaveOne (Dentsply Maillefer, Ballaigues, 
Switzerland) was introduced as a single-file technique, 
used in reciprocating motion and made of a special NiTi 
alloy (M-wire). According to the literature, its advantages 
include increased flexibility, improved resistance to 
cyclic fatigue, and minimal canal transportation.13,14,15

Knowledge about the shaping effects and about 
the changes in the NiTi instrument surface area 
is important for the selection of the appropriate 
instrument and technique. As the behavior of Wizard 
Navigator (WN) has been poorly described, the present 
study aimed to compare apical transportation and 
centering ratio after root canal preparation with WN, 
WO, and PT instruments, using micro-computed 
tomography (micro-CT), to describe deformation and 
fracture of the tested instruments and to compare 
working time during root canal preparation.

Methodology
The present study was approved by the Research 

Ethics Committee of the Federal University of Rio Grande 
do Sul, Porto Alegre, Brazil (CAAE- 08758212.1.0000.5347).

Sample selection
A total of 36 mesiobuccal roots from extracted 

human permanent first maxillary molars were selected. 
Root canals that did not allow the insertion of a 10 K-file 
into the major foramen or the passive placement of 
a 15 K-file at 1mm before the apical foramen were 
replaced. The working length (WL) was established at 
1mm short of the canal length by the visual method. 

Then, the apical foramina were sealed with wax and 
each root was fixed to a custom-made jig.

All the specimens were initially scanned by 
micro-CT using Skyscan 1172 (SKYSCAN, Kontich, 
Belgium). Exposure parameters were set at 100kV 
and 100µA, with a 26 µm isotropic resolution. After 
scanning, root canal curvatures were determined 
mathematically by measuring the angle and radius 
according to Schneider’s method.16 The mean angle 
of curvature ranged from 20 to 30 degrees. An equal 
number of roots with similar degrees of curvature 
and radius were randomly distributed into three 
groups (n = 12): Wizard Navigator (WN), WaveOne 
(WO), and ProTaper Universal (PT).

Root canal preparation and irrigation
A single trained operator performed root canal 

instrumentation using the X-Smart Plus micro-motor 
(Dentsply Maillefer, Ballaigues, Switzerland). For 
each system, the motion and sequence of instruments 
followed the manufacturers’ instructions, and WO 
primary instrument was selected for the WO group 
(Table 1). In the WN and PT groups, the canals were 
irrigated with 1mL of 1% sodium hypochlorite after 
each instrument change. In the WO group, the 

Table 1. Sequence of instruments used for preparation of the 
root canals in each group: Wizard Navigator (WN), WaveOne 
(WO), and ProTaper Universal (PT).

WO WN PT

#15 K-file to the WL #15 K-file to the WL #15 K-file to the WL

25.08 to the WL 25.07 until resistance S1 until resistance

#15 K-file to the WL #15 K-file to the WL #15 K-file to the WL

- 10.04 to the WL S2 until resistance

- #15 K-file to the WL #15 K-file to the WL

- 15.05 to the WL S1 to the WL

- #15 K-file to the WL #15 K-file to the WL

- 20.06 to the WL S2 to the WL

- #15 K-file to the WL #15 K-file to the WL

- 25.06 to the WL F1 to the WL

- #15 K-file to the WL #15 K-file to the WL

- - F2 to the WL

- - #15 K-file to the WL

WL: working lenght.
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instrument was removed and cleaned after three 
pecking motions and the canal was irrigated with 
the same solution. Each instrument was employed 
in four root canals. 

Apical transportation and canal 
centering ratio

After instrumentation, all the root canals were 
micro-CT re-scanned using the same sets described 
in the first analysis. Cross-sectional micro-CT 
images at 1, 2, 3, 4 and 5 mm from the apical foramen 
(pre- and post-instrumentation) were analyzed using 
the CT Analyzer software (SKYSCAN, Kontich, 
Belgium) to evaluate the effects of instrumentation 
on apical transportation and centering ratio. One 
calibrated evaluator measured all values (ICC = 0.94). 
Canal transportation and centering ratio values were 
determined by measuring the shortest distance from the 
edge of the canal to the periphery of the root (mesially 
and distally). Then, pre- and post-instrumentation 
values were compared across samples.17

The following formulas were used for calculating 
canal transportation and centering ratio: |(x1-x2)– y1-y2)| 
and (x1-x2)/(y1-y2) or (y1-y2)/(x1-x2), respectively. 
x1 and x2 are the shortest distance from the mesial 
edge of the root to the mesial edge of the pre- and 
post-instrumented canal, respectively; and y1 and y2 are 
the shortest distance from the distal edge of the root 
to the distal edge of the pre and post-instrumented 
canal, respectively. A result other than 1 indicates 
canal transportation and a result equal to 1 indicates 
perfect centering.17

Deformation and fracture of the 
instruments

The WN, WO, and PT instruments were unpacked, 
scrubbed, and sonic cleaned using Riozyme II 
enzymatic detergent (Rioquímica, São José do Rio 
Preto, Brazil). Then, the WO primary instrument, the 
W4 WN, and the F2 PT instruments were submitted to 
scanning electron microscopy (SEM) using Philips XL 
30 (Philips, Amsterdam, Netherlands). Two observers 
analyzed 180º of the instrument circumference, 
investigating body deformations. Two images of each 
instrument at 100X magnification were recorded: 
one from the tip up to 2.5 mm and one between 

2.5 mm and 5 mm. After these procedures, all the 
instruments were individually re-packaged and 
numbered from 1 to 3.

After root canal preparation, each W4 (WN), 
WO primary instrument, and F2 (PT) instrument was 
re-analyzed by SEM, utilizing the same sets described 
in the first analysis. All the SEM images (pre- and 
post-instrumentation) were coded and stored digitally. 
Two blinded examiners classified the images according 
spiral distortion, surface wear, and fracture.18

Working time
The instrumentation time of each root canal was 

timed using a digital timer (SportLine, Elmsford, United 
States). The timer was started when the first WN, WO 
or PT instrument was introduced into the canal and 
turned off when the last instrument of the sequence (or 
when the WO primary instrument) reached the WL.

Statistical analysis
Data analyses were performed using SPSS 17.0 

(IBM, New York, United States). The Kruskal-Wallis 
test, followed by the Mann-Whitney U test, was 
used for comparison between groups regarding 
canal transportation at each millimeter assessed 
and instrumentation time. One-way analysis of 
variance, followed by Tukey’s post-hoc test, was 
used for comparisons of the centering ratio data. The 
significance level was set at 5% for all statistical tests.

Results
At 1, 2, 3 and 4mm, there were no significant 

differences in canal transportation among the groups 
(p>0.05). At 5mm, the WN and PT groups promoted 
less canal transportation than the WO group (p = 0.03). 
There were no significant differences among the canal 
levels within the same group (p > 0.05) (Figure 1). 
It is important to point out that at a 5 mm section, 
most canals instrumented by WO (75%) transported 
towards the furcation (distal canal wall) while most 
canals instrumented by PT (67%) and WN (73%) 
transported towards the mesial canal wall (Figure 2). 
At 3, 4 and 5 mm, a greater variation in centering ratio 
was observed in all groups. No significant differences 
were observed among the different levels considering 
the same group (p > 0.05) (Figure 3). 
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Figure 4 illustrates the SEM findings. Before root canal 
instrumentation, all images of the tested instruments 
presented no unwinding, reverse winding, or shortening 
of spirals and no wear along the shaft examined. After 
instrumentation, the same conditions were observed in WN 
instruments. In the WO and PT groups, all instruments 
presented one to three areas with defects along the 
examined shaft. Moreover, no fracture was detected. 

Root canal instrumentation was significantly faster 
in the WO group than in the WN and PT groups 
(p = 0.004) (Table 2).

Discussion
Aiming to improve canal shaping, cutting efficiency, 

flexibility, and safety, new NiTi systems with different 
designs have been launched on the market. This ex vivo 
study compared an understudied rotatory system (Wizard 
Navigator) with two well-known systems (WaveOne and 
ProTaper Universal) using SEM and micro-CT.

This study evaluated a single-file technique with 
reciprocating motion and two different rotary systems 
using micro-CT and SEM. A number of methods 
have been used to compare canal shape before and 
after instrumentation, such as radiography and 
serial sectioning.15,19 However, micro-CT proves to 
be appropriate for the evaluation of changes in root 
canal shaping, resulting in high-resolution images 
and allowing accurate comparison of the same tooth 
pre- and post-instrumentation.20,21,22
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Figure 1. Median of canal transportation (µm) in the 
WaveOne, ProTaper, and Wizard Navigator groups.

*represents significant difference between groups in the 
same-level section.
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Figure 2. Mesiodistal view (“M” mesial; “D” distal) 
of three-dimensional reconstruction of the mesiobuccal root 
canals from mandibular first molars representative of the 
Wizard Navigator group (A), WaveOne group (B), and ProTaper 
group (C). Green indicates preoperative area; red indicates 
postoperative area. Major dentin wear towards the mesial 
canal wall in “a” (Wizard Navigator group) and in “c” (ProTaper 
group) and towards the furcal region in “b” (WaveOne group). 
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Figure 3. Centering ratio. A result of one indicates perfect centering ability; the closer the result is to zero, the worse the ability of 
the instrument to remain centered. 
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Consistent with our findings, Giannastasio et al. 
demonstrated similar transportation by WN and PT in 
simulated canals.23 Furthermore, as in the present study, 
previous studies did not find statistically significant 

difference between rotary and reciprocating systems in the 
apical third of root canals regarding canal transportation 
and centering ratio.15,21,24,25 The lack of difference between 
instruments at 1, 2, 3 and 4 mm from the apical foramen, 
in the present investigation, may be attributed to the 
non-cutting tip and to the standardization of the apical 
diameter size of the tested instruments.

At 5mm from the apical foramen, the WO group 
scored significantly higher for canal transportation 
than the WN and PT groups. This can be related to the 
different instrumentation kinematics and to the file 
design of WO, as well as to the root canal anatomy. The 
reciprocating motion, the modified convex triangular 
cross-section with radial lands at the tip and the convex 
triangular cross-section in the middle and coronal 
portion of the WO instrument could have contributed 
to this finding.26 Moreover, less tapered instruments, 
compared to larger ones, were better at maintaining 
the original canal curvature.15 This can be linked to the 
results of this study, considering that the WO primary 
instrument (25.08) has a larger taper than the finishing 
instruments used in the WN (W4 – 25.06) and PT groups 
(F2 – 25.08 at the tip, decreasing progressively to D16).

A previous investigation found radicular dentin wall 
thicknesses to be less than 1mm toward the furcation 
at 5mm from the apex of mesiobuccal roots from first 
maxillary molars.27 After root canal preparation, 
the absence of root canal transportation toward 
the so-called danger area results in more dentin 
remaining toward the furcation. The hypothesis that 
the amount of preserved structure will translate into 
enhanced clinical outcomes was not confirmed by 
clinical investigations. However, in the absence of a 
clinical study directly testing this hypothesis, it seems 
reasonable to consider that fracture is more frequent 

Figure 4. SEM images showing WaveOne (WO), Wizard 
Navigator (WN) and ProTaper (PT) instruments before (a, b) 
and after (c, d) root canal instrumentation. 

*indicates areas with defects along the examined shaft.

WOa WOb

WOc WOd

WNa WNb

WNc WNd

PTa PTb

PTc PTd

*Different lowercase letters in the column indicate statistically 
significant difference (p <.05).

Table 2. Median and percentiles (25/75) of preparation 
time (minutes).

Instruments Median Percentiles (25/75) p

WaveOne 1.31 a 1.02 / 1.43 -

Protaper 2.18 b 2.05 / 2.31 -

Navigator 2.18 b 2.07 / 2.39 0.004
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when dentin thickness is reduced. Based on the results 
of the present investigation, root canal preparation 
with WN and PT resulted in less dentin loss, thereby 
favoring tooth preservation.

The anticurvature method keeps the canal integrity 
in the thin portion (furcal region) and reduces the 
possibility of root perforation or stripping.28 However, 
the use of this method is limited when rotary and 
reciprocating systems are employed, due to the 
lower digital control over the file. Accordingly, the 
present investigation showed that WO may have 
weakened the furcal region at 5mm from the apical 
foramen. In contrast, WN and PT presented lower 
canal transportation toward the furcation. Also, the 
different instrument kinematics may have contributed 
to these results.

SEM seems to be the most appropriate method 
to evaluate deformation of endodontic instruments; 
in addition, it has been used in other studies.18,29,30,31 
No fracture occurred and only small defects were 
observed along the surface examined in the WO and 
PT groups, suggesting that all tested instruments 
are safe for the preparation of up to four root canals, 
which may represent a maxillary molar.

Instrumentation time depends on the operator’s 
experience, on the used technique, and on the number 
of instruments employed.32 In line with our findings, 
some authors reported that instrumentation time, 
including irrigation procedures, is lower when WO 
instruments are used.15,22 This is expected as the WO 
system involves single-file instrumentation while WN 
and PT are multiple-file systems. The lower number of 
instrument changes and the shorter time required for 

canal instrumentation makes the WO system clinically 
attractive. However, it is important to point out that 
the time difference between WO and the other tested 
systems represents a small difference in the whole time 
required for the treatment. Furthermore, especially in 
mesiobuccal roots, the anatomic aspect (mesiodistal 
flatness) contributes to the remaining untouched areas 
after instrumentation. Thus, short-time instrumentation 
may not permit enough contact time for irrigators to aid 
in the reduction of root canal infection. This emphasizes 
the importance of efficient root canal irrigation and 
mechanisms to improve the cleaning potential of 
irrigators, such as passive ultrasonic irrigation.33,34

Conclusions
Under the conditions of this ex vivo study, the WN, 

WO, and PT systems had a similar centering ratio in 
curved canals, with no significant procedural errors 
and structural changes on the file surface after root 
canal instrumentation. However, WO produced more 
canal transportation towards the furcation at the 
beginning of the apical third (5mm from the apical 
foramen), but it completed root canal preparation 
faster than the WN and PT systems.
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