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Abstract

Background: The aim of this study was to compare the WaveOne Gold and ProTaper Next systems regarding the
time spent preparing simulated canals performed by an inexperienced student.

Material and Methods: 80 simulated L-shaped canals were randomly divided into two groups (n = 40) and num-
bered in order of instrumentation. Canals were instrumented with WaveOne Gold (group 1) and ProTaper Next
(group 2) systems. The effective instrumentation time and the number of instrumentation cycles were recorded. All
procedures were performed by the same operator. Statistical analysis was obtained by the Mann - Whitney, Kruskal
- Wallis test with significance of p <0.05.

Results: There were no statistically significant differences regarding the mean instrumentation time between the
two instrumentation systems. The instrumentation time decreased over the experimental period, regardless of the
technique used.

Conclusions: Through a short learning curve, an inexperienced operator can prepare simulated canals in a very

predictable time. Time spent was similar in a multi-file instrument system (ProTaper Next) and a single-file system
(WaveOne Gold).
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Introduction The introduction of rotary nickel titanium (NiTi) instru-
Biomechanical preparation is one of the most important mentation provided a faster and safer approach, with a
phase for a successful endodontic treatment. This step lower risk of procedural errors compared to hand instru-
aims to eliminate infected, necrotic or inflamed root canal mentation (2,3).

tissue, create smooth walls that facilitate irrigation and Over the years new instrumentation systems have been
obturation while maintaining the original canal shape (1). developed and improved allowing us to overcome the
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difficulties of root canal preparation, simplify procedu-
res and reduce instrumentation time (4). The new ge-
neration of NiTi rotary systems includes, among others,
ProTaper Next (PTN) and WaveOne Gold (WOG). One
of the most salient advantages of the reciprocating sys-
tem is the ability to do all the preparation simply and
quickly using a single file (5).

ProTaper Next (Dentsply Maillefer, Ballaigues, Switzer-
land) is a system made of a NiTi alloy called M-Wire
and includes a series of files with a progressive apical
calibre. ProTaper Next (PTN) files have a rectangular
cross section and a continuous asymmetrical rotational
movement which, according to the manufacturer, by re-
ducing the contact points with the canal walls reduces
the cyclic fatigue of the instrument.

WaveOne Gold (Dentsply Maillefer, Ballaigues, Swit-
zerland) is a single-file reciprocating system with a rec-
tangular cross section like PTN. The files are made of
NiTi Gold alloy providing better flexibility and resistan-
ce to fracture.

Natural teeth and simulated canals are often used to
study and compare different instrumentation systems
(2,6). These simulated canals are recognized as valid
study models allowing the standardization of experi-
mental conditions by reducing the variability introduced
through the different anatomical characteristics of natu-
ral teeth (7). However, extrapolation of these results to
clinical situations should be done cautiously.

The aim of this study was to compare two rotary systems
(WaveOne Gold and ProTaper Next) regarding the time
spent preparing simulated canals, performed by a stu-
dent without previous experience.

Material and Methods

80 clear resin blocks with an L-shaped canal (Endo Tra-
ining-Bloc-L, Dentsply Maillefer) were used. The len-
gth of the canal was determined by inserting a 10K file
until the tip became visible on the apical foramen to the
microscope (OPMI Pico, Carl Zeiss, Germany, 12.5X
magnification). The working length (WL) was defined
as 14mm for all canals.

The only operator was a final year dental student who
had no experience with the use of the rotary instrumen-
tation system. Its curriculum experience was exclusively
with manual instrumentation with stainless steel files
(stepback technique). Before the study the student recei-
ved a brief training, which included written instructions,
watching videos clips and training on a single clear si-
mulated canal for each technique.

Patency of the canals was checked by advancing a size
#10 K-file through the apical foramen. The glide path
was then created using the ProGlider file (Dentsply Mai-
llefer) at the full WL. Between each file, the canal was
irrigated with 96% alcohol using a 27G syringe and per-
meabilized with the #10 K-file.
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After that the canals were randomly divided into two
groups (n = 40 canals) and numbered in order of instru-
mentation.

Group 1: the canals were instrumented with WaveOne
Gold Primary (025/0.7). The file was used in a program-
med reciprocating motion generated by the WaveOne
motor (Dentsply Maillefer, Ballaigues, Switzerland) in
the “WAVEONE ALL” mode. The instrumentation was
performed by cycles in a pecking motion (amplitude less
than 3 mm) according to manufacturer’s instructions.
The canal was then irrigated with 0.5 ml 96% alcohol,
the patency checked with a #10 K-file (15 mm), irriga-
ted with 0.5ml alcohol and the flutes of the file were
cleaned. This procedure was repeated until the working
length was reached with free rotation of the file into the
canals. Finally, was performed a final irrigation with 1ml
of alcohol and paper cones were used to dry the canals.
Group 2: the simulated canals were instrumented using
ProTaper Next system, with files X1 (017/04) follow by
X2 (025/06) in all WL. The files were operated on the
WaveOne motor (Dentsply Maillefer, Ballaigues, Swit-
zerland) with a rotational speed of 300 rpm and 4 Nem
of torque, according to the manufacturer’s instructions.
A similar procedure to that of group 1 was followed. The
instrumentation was performed in cycles, advancing 2-3
mm at a time in the canal. Patency was checked with
the #10 K-file and irrigation with 0.5ml of alcohol was
performed between the use of the files. Final irrigation
with 1 ml of alcohol was accomplished after the instru-
mentation with the X2 file was completed. Paper cones
were used to dry the canals.

The active preparation time was measured in seconds
with the assistance of a digital timer. The time devoted to
the irrigation process, change and cleaning of the instru-
ments was not accounted, only the time that instrument
was working on canal was recorded. In the first group
was counted the instrumentation time of ProGlider and
WaveOne Gold Primary. In the second group was regis-
tered the time obtained by ProGlider, X1 and X2.

The number of passes (cycles) with the file in each ca-
nal was also counted for each system (not including
ProGlider file). The instrumentation technique was fo-
llowed according to the manufacturer’s instructions, and
one pass was counted for each “instrumentation cycle”,
which included the insertion of the rotating instrument
in the canals with 2-3 mm of passive penetration. These
cycles were repeated and recorded until WL was rea-
ched.

-Statistical Analysis

The statistical analysis was obtained using the IBM ®
SPSS ® Statistics version 25.0.0 software.

According to variables involved, the analysis consisted
of:

* In the descriptive study - quantitative variables (profile
graphs and summary statistics tables).
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°In the comparative study - differences in instrumenta-
tion time and number of file passages between the two
instrumentation techniques (WOG vs. PTN) were eva-
luated by the Mann - Whitney and Kruskal-Wallis tests.

Results

There were no statistically significant differences in ins-
trumentation time between the two techniques (p> 0.05,
Table 1).

Dividing the resin cubes in order of preparation (from
1st to 40th) into 4 groups (n = 10), in each technique, it
was verified that there were statistically significant di-
fferences between the groups (p <0.05), regarding the
instrumentation time (Table 2, Fig. 1).

The multiple comparison tests between group pairs
showed statistically significant differences between
groups 113, 174 and 2i4 regardless of the technique
used (Fig. 2).

Regarding the number of instrument passes (number of
cycles) there were statistically significant differences
between the two instrumentation techniques (p <0.05,
Table 3).

Dividing the resin cubes in order of preparation into
4 groups, it was showed statistically significant diffe-
rences between groups in relation to cycle numbers (p
<0.05) (Table 4).

The multiple comparison tests between group pairs
showed statistically significant differences between
group 113, 114 and 214 g for the WOG technique. And
between group 133, 14 and 2i3 for PTN technique
(Fig. 3). The number of passes decreased from group 1
to group 4 in both techniques.

Canals preparation by an undergraduate student

Discussion

The aim of this study was to compare two rotary sys-
tems (WaveOne Gold e ProTaper Next) regarding the
time spent preparing simulated canals, performed by a
student without experience in mechanized instrumen-
tation.

Preparation time is influenced by the technique, num-
ber of instruments used, the operator experience and
the study methodology (7,8). In the present study al-
though the mean preparation time with WOG was
shorter than PTN, there was no statistically significant
difference in instrumentation time between the conti-
nuous rotation technique (PTN) and reciprocating mo-
tion (WOGQG) (Table 1). However, other authors asso-
ciate a reciprocating movement with faster preparation
(8,9). Also has been reported faster preparation with
WO by experienced operator when compared to inex-
perienced (6,10). Cassimiro et al. (11) demonstrated
that even when only the active instrumentation time is
evaluated, the differences between WOG and PTN are
significant. It should be noted that in this study were
used lower incisors with straight canals. We speculated
that in curved and thin canals, as in the present study,
the instrumentation time with the WOG approached the
time of PTN due to a greater complexity and difficulty
in instrumentation requiring further number of passes
with WOG.

Like other authors (12) and according to the manufactu-
rer’s recommendation a glide path was created with the
Proglider file prior to preparation with WOG or PTN.
The previous use of Proglider reduces the torsional
stress of rotating NiTi file, decreasing the potential risk

Table 1: Instrumentation time for both techniques (WOG — WaveOne Gold; PTN — ProTaper Next).

Mean Standard deviation Median Minimum — Maximum P value *
WOG 32.56 16.00 26.74 16.53 — 80.00 p=0.163
PTN 39.23 2493 25.48 18.27 — 126.55

* Teste de Mann — Whitney

Table 2: Instrumentation time, by group, for each instrumentation technique (WOG — WaveOne Gold; PTN — ProTaper Next).

Mean Standard deviation Median Minimum — Maximum P value *

WOG Group 1 54.61 14.06 50.88 40.58 — 80.00 »<0.0001
Group 2 38.17 2.68 37.41 35.29 - 43.48
Group 3 22.18 2.33 21.52 19.70 — 26.74
Group 4 17.51 0.97 17.37 16.53 —19.95

PTN Group 1 70.84 25.74 64.52 46.51 — 126.55 p<0.000/
Group 2 43.56 8.39 45.98 24.15-52.61
Group 3 21.11 1.95 21.00 18.54 —25.48
Group 4 19.46 0.84 19.31 18.27 -20.51

* Teste de Kruskal-Wallis
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Fig. 1: Instrumentation time profile graph according to cube preparation order in each instrumentation
technique (WOG - WaveOne Gold; PTN - ProTaper Next).
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Fig. 2: Comparisons of instrumentation time by group in each technique (WOG - WaveOne Gold; PTN - ProTaper
Next).

Table 3: Number of instrument passes for each technique (WOG - WaveOne Gold; PTN - ProTaper Next).

Mean Standard deviation Median Minimum — Maximum P value *
WOG 473 0.78 5.00 4-6 p<0.05
PTN 6.08 1.12 6.00 5-9

* Teste de Mann — Whitney
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Table 4: Number of instrument passes by group for each technique (WOG - WaveOne Gold; PTN - ProTaper Next).

Mean Standard deviation Median Minimum — Maximum P value*
WOG Group 1 5.50 0.53 5.50 5-6 p<0.05
Group 2 5.10 0.74 5.00 4-6
Group 3 4.30 0.48 4.00 4-5
Group 4 4.00 0.00 4.00 4-4
PTN Group 1 7.40 0.84 7.00 6-9 p<0.05
Group 2 6.30 0.82 6.00 5-8
Group 3 5.20 0.42 5.00 5-6
Group 4 5.33 0.50 5.00 5-6
*Teste de Kruskal-Wallis
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Fig. 3: Multiple comparisons of the number of instrument passes by groups in each technique (WOG - WaveOne Gold;

PTN - ProTaper Next).

of torsional fracture and increasing the life span of the
files. This is also contributed to a lack of relevant errors
in the shape of the prepared canals (12,13).

The mean preparation time with WOG was similar (10)
or lower (6,14) than that reported in other studies with
inexperienced operators using WaveOne. Although Gol-
dberg et al. (6) study included the time for irrigation and
cleaning the instruments, no previous glide path was
created, and each canal was instrumented by a different
student. In contrast in the present study was recorded
only the active instrumentation time with the ProGlider
file and WOG. The creation of a glide path decreases the
preparation time of WO in inexperienced operators (10)
which may justify a shorter time spent by the two instru-
ments compared to Goldberg et al. study (6).

The introduction of the rotary instrumentation in under-
graduate teaching has been proposed, in order to achieve
a more predictable technical quality of root canal treatment
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(15). In this study only one operator (an inexperienced stu-
dent) prepared all the canals which might explain the de-
creasing average preparation time due to the learning curve
that took place throughout this research. The use of NiTi
rotary instruments requires a gradual learning evolution,
given that the use of a hand piece for powering the instru-
ments causes a decrease in operator tactile sensitivity on
dentin walls compared to manual instrumentation (16).
The evolution of the instrumentation time according to
the number of instrumented canals for both techniques
is shown in Figure 1. Statistically significant differences
were found between the preparation time of the first 20
cubes and the following (Table 2; Fig. 2) regardless of
the system used. These results agree with Ya Yang et al.
(17) who demonstrated that after one month of training
with WO the instrumentation time of an inexperienced
operator was comparable to the value obtained by an ex-
perienced operator.
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For both systems the instrumentation time of the last 20
cubes decreased significantly compared to the first ones
becoming comparable to the time spent by an experien-
ced operator (10,11,18).

Has been reported that inexperienced operators take less
preparation time and better performance with reciproca-
ting systems (14,19). In addition, the use of a single-file
technique reduces de risk of cross infection (20). Shor-
ter instrumentation time reduces chair time, decreases
apical extrusion of debris (21) and reduces the risk of
instrument fracture, especially in posterior teeth with
complex root canal anatomy (22).

Regarding the number of passages or instrumentation
cycles, the PTN group presented a significantly higher
number than the WOG group (Table 3), an expected
result, since WOG is a single file system. However, as
more canals were instrumented there was a statistically
significant decrease in the number of passages (Table 4,
Fig. 3). This was reflected in a decrease in instrumenta-
tion time related to better handling of both techniques.
The average number of passages in the WOG group
were lower than those reported by inexperienced opera-
tors, approaching the value obtained by an experienced
operator with WO (6). These results may be justified by
the difference between the alloys of the instruments.

To our knowledge, there are few studies evaluating the
effective instrumentation time with WOG or PTN in
inexperienced operators, moreover different methodo-
logies make unable to make a direct comparison with
our results (23). The use of a single operator reduced
inter-operator variability, however, the conclusions pre-
sented cannot be extrapolated directly to all potential
users of the evaluated techniques.

Conclusions

Under de condition of this study both WOG and PTN
instrumentation systems demonstrated predictability in
preparation time, allowing a quick and easy learning,
even for an undergraduate student with no prior expe-
rience using rotary systems.
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