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HIGHLIGHTS
¢ Both WaveOne and One Shape NG systems can safety be used more than once.
¢ WaveOne and One Shape NG files have different surface treatments.
e Single-file systems can result in different surface alterations after multiple uses.

¢ Single-file systems have different working times according to the number of uses.

Abstract: The aim of this study was to assess the performance and surface alteration of two single-file
systems according to the number of uses. Ten WaveOne Primary files (25/.08) and ten One Shape NG files
(25/.06) were used for instrumentation of mesial root canals of mandibular molars. Each instrument was
cleaned and sterilized after the preparation of two root canals and then reused. The time spent for
instrumentation of each root canal was recorded and analyzed by using t-test. Microphotographs of the
surface of the instruments were taken with a scanning electron microscope at different magnifications (i.e.
18x, 160x, 500x and 1000x) and at a distance of 4 mm from the instrument’s tip before being analyzed by
four observers. Presence of disruption of cutting edge, crack, craters and unwinding was assessed and
submitted to Fisher’s exact test. Both systems showed manufacturing defects and cracks. The presence of
disruption of cutting edges was major in WaveOne files from the sixth use, whereas One Shape NG files
showed more unwinding. Only preparation time using WaveOne files was influenced by the number of uses.
One can conclude that WaveOne files had more disruption of cutting edges and took longer time for root
canal preparation from the sixth use onwards, whereas the One Shape NG files showed more unwinding at
the tenth use.

Keywords: single-file; reuse; root canal instrumentation.
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INTRODUCTION

Nickel-titanium rotary instruments have enabled a more uniform preparation of root canals in a shorter
working time and without loss of quality from the microbiological standpoint [1-5]. Among these instruments,
systems have been proposed despite their differentiation in terms of design, alloy treatment and type of
movement [4,5]. The WaveOne system consists of a single file made of nickel-titanium M-wire with a convex
triangular cross-section and uses a reciprocating motion. The One Shape New Generation (NG) system also
consists of a single file, but it is made of conventional nickel-titanium and uses continuous rotation. Its cross-
section is varied in that it has a S-shaped format with two cutting angles in the portion closest to the shaft, a
transition format with 2 to 3 cutting angles in the middle portion and a triangle format with asymmetric radii in
the final 2 mm of the file [5].

Studies have demonstrated that reciprocating motion results in better resistance of the instruments than
continuous rotary motion [6,7]. Furthermore, the nickel-titanium M-Wire is a heat-treated alloy with a
microstructure containing martensite, which improves the fatigue resistance of the instruments [8,9].

The search for more resistant instruments is a reflection of the concerns towards their fracture during
endodontic treatment [10]. Sattapan and coauthors [11] reported that instrument fracture may occur due to
torsion or bending. Torsional fractures exhibit previous signs of unwinding, but bending fatigue does not
cause visible deformation [11] and therefore some instruments may fracture without any sign [12].

The manufacturer’s recommendation for automated systems is that the file should be disposed after its
first use in one molar, which minimizes the incidence of load on the instrument and consequently reduces
the risk of fracture. However, factors related to endodontic treatment cost and different social realities should
be taken into consideration. According to some authors, further research should be conducted in order to
determine the instrument safety regarding the number of uses [13,14]. Therefore, the study of microscopic
changes in the instrument following root canal preparation is justified not only because they are defects
leading to fracture [10,14,15], but also because its disposal is also related to changes or poor cutting [13].
Therefore, the aim of this study was to assess the performance and surface alteration of two single-file
systems — WaveOne and One Shape NG — according to the number of uses.

MATERIAL AND METHODS

After approval by the local research ethics committee (CEP/FOUSP 736.043), 10 WaveOne Primary files
(25/.08, Dentsply Maillefer, Ballaigues, VD, Switzerland) and 10 One Shape NG files #25/.06 (Micromega,
Besancon, FR-I, France) were removed from the packaging and attached to stubs for observation with a
scanning electron microscope operating at 25 kv (JSM 5900LV, JEOL, Tokyo, Japan). Microphotographs
were taken at 160x, 500x and 1000x magnifications at a distance of 4 mm from the instrument’s tip for
presence and absence of disruption of cutting edge, crack or craters.

Next, 200 mesial root canals of mandibular molars were selected, with all roots presenting complete
rhizogenesis and Vertucci type 1V configuration (i.e. two canals running separately from orifice to apex), round
and narrow root canals with initial apical diameter no greater than a size #15 K-file, curvature angles between
15° to 30° and radius of 5 mm to 9 mm [16], and absence of calcifications, resorption, root fractures and
previous endodontic treatment. The root canals were accessed and randomly divided into two groups
according to the instrument used, namely, Group WS using WaveOne Primary files and Group OS using One
Shape NG files #25/.06.

The root canals were previously irrigated with 2 ml of 2.5% sodium hypochlorite (Formula e Acdo, Sao
Paulo, SP, Brazil) before introducing a #15 K-file (Dentsply Maillefer, Ballaigues, VD, Switzerland) into them
until reaching the foramen in order to determine the working length at 1 mm short from the foraminal opening.
Next, the tooth was attached with C-silicone putty (Perfil, Vigodent, Rio de Janeiro, RJ, Brazil).

WaveOne Primary instruments were used with an endodontic motor (VDW Silver, VDW, Munich, DE-
BY, Germany) set at mode WaveOneALL. The file was inserted into the root canal with three pecking motions
in the apical direction, followed by root canal negotiation using a #15K-file. This sequence was repeated until
the working length was determined.

One Shape NG instruments were used with an endodontic motor (VDW Silver) operating at a speed of
400 rpm in continuous rotation and torque of 2.5 Ncm. The file was inserted into the root canal by using an
in-and-out motion with slight apical pressure at an amplitude of approximately 3 mm every three times before
being removed, followed by a root canal negotiation by using a #15K-file. These movements were repeated
until the working length was determined.
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Irrigation was performed at every removal of the file, totalizing 10 ml of 2.5% sodium hypochlorite during
the root canal preparation. The time spent in each root canal preparation was recorded in seconds with a
digital chronometer, except the irrigation time.

The files were cleaned with sponge and detergent after the preparation of two root canals of a mandibular
molar, followed by ultrasonic bath in 70% ethanol for 10 minutes and sterilized in autoclave before
observation with scanning electron microscope, as previously described.

Each instrument was used in up to 10 root canals, with each group having 10 instruments assessed. All
root canal preparations were performed by a single experienced endodontist.

The observation with scanning electron microscope was performed after 2, 6, 8 and 10 uses, as
previously described. Unwinding was also observed at 18x magnification after the tenth use.

Four previously calibrated observers, whose inter-rater reliability was validated by Kappa test (Cohen’s
coefficient between 0.81 and 1.0, i.e., perfect), assessed the microphotographs and the resulting data were
submitted to Fisher’s exact test for comparison between the systems and number of uses. The experimental
times were submitted to Lilliefors test for data normality before using independent t-test for comparison
between the systems in each use and paired t-test for comparison of the number of uses. All statistical
analyses were performed at significance level of 5%.

RESULTS

Scanning Electron Microcopy

The characteristics of the instruments were observed in both groups. WaveOne files showed cutting
edges resembling curls of wave and a surface with machining marks perpendicular to the long axis of the
instrument (Figure 1 A-B). Differently, One Shape NG files had a smooth surface with slight machining traces
and standard cutting edge angles (Figure 1 C).
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Figure 1. Microphotograph of the unused instruments. (A) Cutting edges resembling a “wave curl” in files of the
WaveOne system (original magnification, 500x); (B) Machining marks on the surface of files of the WaveOne system
(original magnification, 160x); and (C) Smooth surface of files of the One Shape NG system (original magnification,
160x).

Disruption of cutting edges was present in unused WaveOne files (Figure 2 A), whereas One Shape NG
files had craters (Figure 2 B). However, the disruption of cutting edges was significantly greater in WaveOne
instruments from the sixth use onwards (P<0.05). Cracks emerged in WaveOne and One Shape NG files
from the second and tenth uses, respectively (Figure 2 C-D), but this defect was similar between the systems
(P>0.05) and did not significantly increase according to the number of uses (P>0.05). Unwinding after the
tenth use was more present in the One Shape NG than in WaveOne files (P<0.05). The number of
instruments showing surface alteration according to the number of uses is described in Table 1.
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Figure 2. Microphotograph of the defects on the surface instruments. (A) Disruption of cutting edges in files of the
WaveOne system (original magnification, 500x); (B) Craters on the surface of files of the One Shape NG system (original
magnification, 500x); (C) Cracked cutting edges in files of the WaveOne and (D) One Shape NG systems (original
magnification, 1000x).

Table 1. Surface alteration of the WaveOne and One Shape NG according to the number of uses

WaveOne One Shape NG
Uses DCE Craters Crack U DCE Craters Crack U
0 3(B0%) O 0 - 0 4(40%) O -
2 3(30%) O 2 (20%) - 0 4(40%) O -
6 5(50%) O 4 (40%) - 0 4(40%) O -
8 6 (60%) O 4 (40%) - 0 4(40%) O -
10 7(70%) O 4(40%) 2(20%) O 4(40%) 3(30%) 9 (90%)

DCE = Disruption of cutting edges. U = Unwinding
Only One Shape NG files fractured at 4 mm from the tip during essays.

Working Time

The comparison between number of uses and the first use demonstrated that the working time for root
canal preparation increased from the sixth use for WaveOne files (P<0.05). The working time for root canal
preparation was similar in all uses for One Shape NG files (P>0.05). The comparison between the systems
indicated that root canal preparation time was shorter with One Shape NG compared to WaveOne
instruments, but only from the fifth use (P<0.05). Figure 3 shows the time variation according to the number
of uses.
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Figure 3. Mean values of working time for WaveOne and One Shape NG systems according to the number of uses.

DISCUSSION

Strength and number of uses of endodontic instruments have been investigated to determine a safer
instrumentation as they may suffer fractures due to the stress caused during root canal preparation and
variations in root canal curvature [17,18]. This study aimed at assessing the surface alteration and
performance during the reuse of two single-file systems, with both exhibiting some different behaviors
depending on the number of uses.

The different motions of these systems are due to the fact that some clinicians do not have reciprocating
endodontic motor. However, studies demonstrated that design, taper, tip and alloy treatment can influence
both torsional strength and cyclic fatigue of the instruments [19,20].

The working time was used to assess the performance of the instruments in terms of cutting ability
according to the number of uses [12]. Moreover, scanning electron microscopy was chosen for analysis of
the instrument surfaces following previous essays [10,13,17,21-23]. Although other authors have used
stereomicroscopy [11,12], the use of scanning electron microscopy is justified because some fracture-related
changes are seen at high magnifications only, which is not possible with an operation microscope [14]. The
4-mm region from the tip of the instrument was chosen for evaluation because it is where the fracture usually
occurs [11,12,24], and mandibular molars were used because the incidence of instrument fracture is high in
these teeth [11,17,24,25].

Analysis of the instrument surface has shown that each system had characteristic defects. WaveOne
files had presence of disruption of cutting edges, whereas One Shape NG files exhibited craters. However,
these defects were seen in unused instruments, demonstrating that such defects were the result of the
manufacturing process. These findings are corroborated by other authors, who also observed these
characteristics in unused instruments [15,21-24,26]. The difference in defects between unused instruments
can be explained by their surface treatment, since One Shape NG files exhibited smooth surface or slight
machining marks and the WaveOne files only features of the electropolishing procedures [27]. In this context,
Kim and coauthors [15] reported that the presence of craters is a common defect found in some
electropolished instruments, which is in accordance with the present study. Although the disruption of cutting
edges was present in unused WaveOne files, this defect increased from the sixth use — a finding also
corroborated by Pirani and coauthors [21], who also found such a disruption in this system according to the
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number of use. For some authors, the irregular edges found in unused WaveOne files were thought to be a
defect [22,23]. However, Pirani and coauthors [21] and our study showed that these cutting edges actually
resemble a wave-curl present in these instruments and therefore they should not be considered a defect.

Cracks were observed in both systems when the files were reused, another finding also reported by
authors who assessed the multiple use of automated files [10,14,15]. This defect was observed in two
WaveOne files after the second use and in more two files after the sixth use. These results are similar to
those reported by Park and coauthors. [13] and Pirani and coauthors [21], who observed the emergence of
cracks in WaveOne files after the fifth and third uses, respectively. This defect was seen in three One Shape
NG instruments only after the tenth use. Although some WaveOne files had exhibited cracks earlier than the
One Shape NG instruments, this figure was low and there was no statistically significant difference between
systems and number of uses.

Despite the emergence of cracks, the One Shape NG system had only one file fractured, which occurred
after the tenth use with no statistically significant difference between the groups. This is corroborated by
Caballero and coauthors [28], who also found no statistically significant difference in the incidence of fractures
in files reused with continuous rotation or reciprocating motion. On the other hand, in vitro studies have
demonstrated that both reciprocating motion and heat treatment of Ni-Ti alloy provide instruments with higher
cyclic fatigue strength [6,7,9]. These results should be better interpreted in terms of clinical use, since the
present study showed no difference between both systems regarding number of fractures, type of motion and
alloy treatment. As for the number of root canals, other authors also found no fracture in WaveOne and One
Shape systems after instrumentation of 3 to 10 root canals [3,13,21,28], except one study reporting fracture
of one instrument during a third clinical use in a posterior tooth[12].

Unwinding is a feature that may be visible before fracture [11]. This study has demonstrated it in the One
Shape NG system, which might be explained by the continuous rotary motion. Similar results were found by
Caballero and coauthors [28], who observed unwinding in a single-file system operating at continuous rotary
motion, a finding also confirmed by other authors who did not detect any deformation in reciprocating
instruments [12,17]. In addition, the absence of heat treatment of nickel titanium alloy may have contributed
to this difference, since M-Wire alloy has greater flexibility and torsional strength than conventional nickel-
titanium alloy [9,19]. However, although unwinding was more present in the One Shape NG than in WaveOne
system, no difference was found between them regarding fracture.

It is important to mention that instrument fracture during clinical procedure is multifactorial as this event
is related to bending and torsion loads to which the files are submitted during root canal preparation, including
tooth position, root curvature and root canal diameter [17]. The present study standardized the curvature
angle of the root canal to allow the comparison between the systems without considering the variable root
canal anatomy. Nevertheless, this topic should be considered in function of the number of reuses of the
instruments in the clinical practice. Caballero-Flores and coauthors [25] observed that the WaveOne files can
be clinically reused up to six root canals, with low incidence of fracture (0.92%). This finding is in accordance
with our results because the disruption of cutting edges was the only statistically significant defect, increasing
from the sixth use onwards.

The reduction in the risk of fracture is one of the reasons why manufacturers recommend the disposal of
the instrument after its first use. The results demonstrated that the emergence of surface defects is not
significant before the sixth root canal preparation. By considering that the single use refers to a molar (two
root canals in a mandibular molar), the reuse in up to six root canals seems to be acceptable as it was
demonstrated that instruments can be reused in more than one molar. However, this study has evaluated the
defects on the surface of the instruments and therefore essays evaluating their internal structure should be
encouraged to complement our findings.

The present study has found mean times of 39.7 and 37.4 seconds for root canal instrumentation by
using, respectively, WaveOne and One Shape NG systems up to four uses. However, Burklein and coauthors
[2] and Burklein and coauthors [29] reported mean times of 82.3 and 80.7 seconds, respectively, for
WaveOne and One Shape systems. These results can be explained by the fact that these authors
instrumented severely curved root canals, which was confirmed when Burklein and coauthors [30] reported
a mean time of 43.2 seconds by using One Shape files in straight root canals. As for the influence of number
of uses, WaveOne instruments had a reduced performance after the sixth use, whereas One Shape NG files
showed no difference up to the tenth root canal being instrumented. The comparison between systems
demonstrated that they behaved differently after the sixth use, with their performance being possibly
influenced by the increased disruption of cutting edges. Working time can bring important information on the
instrument’s behavior and performance after successive uses [13]. Park and coauthors [13] also observed
that the number of uses increased the working time for root canal preparations in the WaveOne system.
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However, it is important to mention that these statistical differences are based on numerical values measured
in seconds, which may be irrelevant in the clinical practice.

CONCLUSION

In view of the results, one can conclude that WaveOne files presented more disruption of cutting edges
and required longer time for root canal preparation from the sixth use onwards, whereas the One Shape NG
instruments showed more unwinding in the tenth use.
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