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Abstract

Background: In endodontics, the three processes of biomechanical preparation, disinfection, and obturation
are each essential. The electron microprobe and scanning electron microscope (SEM) allowed for the
detection and identification of the smear layer and debris. The purpose of the current investigation was to
use a scanning electron microscope to evaluate the relative merits of two single-file systems, the
reciprocating WaveOne and the continuous motion F360 files, in the cleaning and contouring of root canals
in removed teeth.

Materials and method: The 50 central maxillary permanent teeth Data was gathered from the Oral and
Maxillofacial Surgery Division at Sri Ganganagar's Maharaja Ganga Singh Dental College and Research
Centre for a number of reasons. Group A followed the manufacturer's guidelines for using the WaveOne
instrument, whereas Group B utilised the F360. Reciprocating motion WaveOne system (group A) and
continuous motion F360 system (group B) root canals were scored at three levels: coronal third, middle
third, and apical third (group B). SPSS version 22 was used for the data analysis. The data were examined
using the chi-square test and the one-way analysis of variance.

Results: A greater quantity of smear layer was found in the apical third, whereas better results were achieved
in the coronal and middle thirds. When compared to the F360 file system, the WaveOne file system is subpar
when it comes to clearing the canal of debris. While both groups showed a large amount of debris in the
apical third, outcomes were somewhat better in the coronal and middle thirds.

Conclusion: The WaveOne and F360 file systems were both more effective in removing trash from the
coronal and middle thirds of the disc than they were from the apical thirds. In comparison to the continuous
motion F360 file system, WaveOne files demonstrated a statistically significant reduction in the amount of
debris cleared from root canals in all three root zone thirds (coronal, middle, and apical). The reciprocating
action of the WaveOne file system, in contrast to the continuous motion of the F360 file system, resulted in
more extensive cleaning of the root canal smear layer in the coronal and middle thirds and less thorough
cleaning in the apical thirds of the canal.

Categories: Dentistry
Keywords: waveone file, smear layer, root canal treatment, f360 file, biomechanical preparation

Introduction

Endodontic therapy has seen explosive growth over the last several decades as an increasing number of
patients have desired to preserve their natural teeth. Endodontic operations have progressed to the point
that the majority of patients are pleased with the outcomes of their treatments [1,2]. The shaping of the
canals inside the tooth is one of the aspects of root canal treatment that is considered to be among the most
important. It consists of removing potentially pathogenic material from the root canal system, inclusive of
necrotic pulp tissue, dentine debris, and microbes [1]. It is dependent on this that subsequent treatments,
like chemical disinfection and root canal obturation [2], are successful.

Each of the three procedures of biomechanical preparation, cleaning, and obturation is necessary for
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performing endodontic treatment. Because the mineralized tissues of the dentine are broken rather than
shredded or divided, the process of cutting dentine, whether by hand or with rotary machinery, results in a
significant amount of debris. This makes up the majority of the smear layer and consists of very minute
particles of mineralised collagen matrix. It is a layer that was created during the smearing process. It is
possible that there is a layer that is 2-5 pm thick and goes on for a few micrometres into the dentinal tubules
[3]. Dentine chips and bits of necrotic or live pulp tissue that have been affixed to the wall of the root canal
are also examples of debris [4]. This material has a chance of being compacted along the surface of the root
canal walls. This is a possibility. When this occurs, it becomes more challenging to eliminate germs from the
canal system in an efficient manner, and it also raises the danger of bacterial contamination, which may
result in an unfavourable outcome of therapy. The electron microprobe and scanning electron microscope
(SEM) were both helpful in locating and identifying the smear layer and the debris.

Although several varieties of rotary systems have been in use for several decades, the dental industry has
only recently welcomed two new single-file systems, one of which operates in a "reciprocating motion" and
the other in a "continuous motion." Both of these new single-file systems operate in a manner that is
described as "continuous motion" [5,6].

A reciprocating motion is a motion that occurs when an instrument rotates in one direction and then
reverses direction before completing a full rotating cycle. This motion is referred to as a "back and forth"
motion [5].

The formation of the canals often makes use of both continuous and reciprocating procedures. Both
advantages and disadvantages are associated with making use of a continuous rotating movement as
opposed to a reciprocating motion. When employing Ni-Ti files, which spin continuously, the user is able to
have an experience that is both more exact and more pleasant. This is an extra benefit. These worries have
been alleviated to a significant degree because of developments in file design, Ni-Ti alloy, and sequential
glide path management (GPM). The glide path enlarges the root canal to create a smooth tunnel from the
orifice to its physiological terminus before using shaping instruments of greater dimensions [6].

In addition, there is a paucity of information on the effect that continuous motion or reciprocation motion
has on the process of removing the smear layer from the dentinal wall. Practitioners could profit from this
information if they use more care when designing canals in areas where the weaker component of the file is
intended to work. The current research was conceived with the intention of analysing and contrasting the
degree of success achieved by two distinct single-file systems, namely the reciprocating WaveOne and the
continuous motion F360 files, in terms of their capacity for root canal cleaning and shaping.

Materials And Methods

The 50 central maxillary permanent teeth were obtained from the Oral and Maxillofacial Surgery Division of
Sri Ganganagar's Maharaja Ganga Singh Dental College and Research Centre. This in vitro study was
conducted at the Maharaja Ganga Singh Dental College and Research Centre in Sri Ganganagar, Rajasthan.
After receiving approval from the institute's ethical committee, it was carried out in the Department of
Conservative Dentistry and Endodontics, in collaboration with the Department of Oral Pathology.

After being stored in normal saline and rinsed with tap water to remove any remaining blood or tissue, the
teeth were ultrasonically cleaned and placed in the refrigerator (at 40 °C) prior to instrumentation to
facilitate their fracture (longitudinal section) for scanning electron microscopy examination. This was done
in order to facilitate the examination of the teeth using a scanning electron microscope. An endo access bur
was used in order to make an opening, and the working length was determined by inserting a size 10 K file
into the apical foramen until the minor diameter was attained. In all, there were 50 teeth, and these teeth
were divided into halves so that each section included 25 teeth. A solution comprising 5.25% sodium
hypochlorite, 17% EDTA, and saline was alternatively used to irrigate two sets of cells. Saline was used as
the control.

In group A (WaveOne, rotational/movemental symmetry), the WaveOne instrument was operated in
accordance with the instructions provided in the handbook. Using a K file of size 10, made of stainless steel,
the optimum working length was found. The chamber was then filled with 3% sodium hypochlorite so that
the process of sculpting the coronal expansion file could begin. After that, we use a WaveOne main file with
a size of 0.25 and a taper of 0.06, rotating it in a reciprocating motion at 1.8 N-cm torque and 300 rpm speed
with a Marathon A-Class endomotor. This allows us to ream out the normal space that is found in a root
canal. In group B, the F360 instrument was used exactly as described, which was continuous
rotation/motion using the F360. Using a K file of size 10, made of stainless steel, the optimum working
length was determined. Before beginning the process of moulding the component by using a coronal
expansion file, the chamber was first loaded with 3% sodium hypochlorite. An F360 single file with a 0.06
taper was used to continually travel through the root canal region while a Marathon A-Class endomotor
with a control torque of 1.8 N-cm and a speed of 300 rpm was used. This was done in order to clean the area.

From the very beginning of the procedure, both the amount and the frequency of the irrigation were
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subjected to regulation (the preparation phase). When cleaning and flushing each canal, 2 ml of sodium
hypochlorite with a concentration of 5.25%, 2 ml of EDTA with a concentration of 17%, and 2 ml of saline
were used. The irrigant was administered with the use of a needle syringe and a no. 25 gauge needle, and the
needle was inserted into the canal to a depth that was as far as it could go without becoming stuck. After
flushing the canal for one minute with an EDTA solution that was 17%, it is then thoroughly washed with 2
ml of EDTA, which was 5.25%, and 2 ml of saline to eliminate any residual irrigants. Following the irrigation
and instrumentation of the canals, the channels were then dried using paper points. The technique for
irrigation that was devised by Zmener et al. [7] was adhered to throughout this experiment.

In the end, absorbent paper points and irrigants were used to dry and clean the root canals. Irrigants were
utilised to clean the root canals. Before being prepared for scanning electron microscopy, the crown was
removed by slicing it off with a diamond disc wheel, and the roots were sectioned in half longitudinally by
slicing a diamond disc in half (at 1000x).

The samples (Figure /) from groups A and B were each cut into three sections - coronal, middle, and apical -
before being analysed using a scanning microscope with a magnification setting of x1000. This was done in
order to identify the presence and degree of debris and smear layers. In the end, the scoring technique that
was provided by Hulsmann et al. [8] was the one that was chosen, and the criteria for the scores are described
in Tables 1-2.

Group B

FIGURE 1: Samples coated with gold palladium

Debris scoring criteria

Clean canal wall, only very little debris particles

Few conglomerations of debris present

Many conglomerations <50% of the canal wall covered
>50% of the canal wall covered with debris

Complete or nearly complete covering of the canal wall by debris

TABLE 1: Debris scoring criteria

8]
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Smear layer scoring criteria

No smear layer, orifice of dentinal tubuli patent

Small amounts of smear layer some dentinal tubuli patent open

Homogenous smear layer along almost the entire canal wall, only very few dentinal tubuli open
The entire root canal wall is covered with homogenous smear layer, no open dential tubuli

A thick homogenous smear layer covering the entire root canal wall

TABLE 2: Smear layer scoring criteria

(8]

Fifty specimens were examined by scanning electron microscopy; 25 were assigned to group A (Figures 2-4),
while the remaining 25 were assigned to group B (Figures 5-7).

HYD 15.0kV 10.0mm x500 11/7/2016

FIGURE 2: Photomicrograph of root canal shaping with reciprocating
WaveOne motion (coronal third)
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FIGURE 3: Photomicrograph of root canal shaping with reciprocating
WaveOne motion (middle third)

. el -

HYD 15.0kV 9.4mm x1.50k 11/7/2016

FIGURE 4: Photomicrograph of root canal shaping with reciprocating
WaveOne motion (apical third)
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FIGURE 5: Photomicrograph of root canal shaping with continuous
motion F360 (coronal third)
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FIGURE 6: Photomicrograph of root canal shaping with continuous
motion F360 (coronal third)
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HYD 15.0kV 9.4mm x1.50k 11/7/2016

FIGURE 7: Photomicrograph of root canal shaping with continuous
motion F360 (apical third)

Three fields of each specimen were examined at x1000 magnification, for a total of 75 fields per group
(group A: 3 x 25 = 75; group B: 3 x 25 = 75). In this paper, we compare groups A (the reciprocating motion
WaveOne system) and B (the continuous motion F360 system) based on the scoring criteria assessed at three
distinct levels of root canals. SPSS version 22 (IBM Corp., Armonk, NY) was used to analyse the data using
chi-square and one-way ANOVA.

Results

On the basis of the results of the present study for the reciprocating WaveOne system (group A) and
continuous F360 system (group B), Table 5 reveals that for the reciprocating WaveOne system (group A) in
the coronal third, it is found that 68% of specimens had scores of 1, 20% of specimens had scores of 2, and
12% of specimens were found with a homogeneous layer of smear layer covering the root canal with few
dentinal tubules open. In the middle third, 60% of specimens were found with a little amount or without a
smear layer (score 1), 28% of specimens were found with a score 2, and 12% were found with a score 3. In the
apical third, the smear was abundant, and only 52% of samples were found with a score 1, 32% of samples
with a score 2, 8% of samples with a score 3, and 8% of samples of canals were completely covered with a
smear layer.
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Smear layer
scoring

Significance

Coronal Middle Apical

Group Group Group Group Group Group
A B A B A B

Score description

n=25 n=25 n=25 n=25 n=25 n=25

17 15 15 14 13 17

No smear layer, dentinal tubules open

68% 60% 60% 56% 52% 68%

Small amount of smear layer, some dentinal tubules open

20% 20% 28% 24% 32% 24%

Homogenous smear layer covering root canal few dentinal 3 5 3 5 2 2

e B azE 12%  20%  12%  20% 8% 8%

Complete root wall covered by smear layer, no dentinal 0 0 0 2 2 0

tubules present 0% 0% 0% 8% 8% 0%
0 0 0 0

Heavy non-homogenous smear layer covering the entire root

0% 0% 0% 0% 0% 0%

P<0.001** P<0.001** P<0.001**

TABLE 3: Comparison of smear layer removal score

**Statistically significant (p<0.001).

For the continuous motion F360 system (group B) in the coronal third, it is found, as shown in Table 3, that
60% of specimens showed little or no smear layer (score 1), 20% of samples were found with a score 2, and
12% of samples with a score 3. For the middle third, 56% of cases had little or no smear layer, 24% had a
small amount of smear and some dentinal tubules were open, and 12% had a homogeneous smear layer
covering the root canal space. In the apical third, 68% of the specimens were found with little or no smear
layer, 24% of samples were found with a small amount of smear layer, and 8% of samples had a
homogeneous smear layer present on the canal walls.

On the basis of the results of the study for the reciprocating WaveOne system (group A) and continuous
motion F360 system (group B) (dentin chips, pulp remnants, and particles loosely attached to the canal
wall), the debris scores for the reciprocating WaveOne system (group B) are as revealed in Table 4. In the
coronal third, 64% of samples were found with score 1, 24% were found with score 2, and in the middle

third, 68% of specimens were found with score 1, 28% were found with score 2, and 12% were found with
many agglomerulations of debris covering less than 50% of the root canal wall. In the apical third, debris was
abundant, and only 40% of samples were found with a clear root canal wall and canals with only a few small
debris particles; 28% of samples were found with score 2, 20% of samples were found with many
agglomerulations of debris covering less than 50% of the root canal wall (score 3), and 12% specimens of
canals were found with more than 50% of the root canal wall covered with debris. For the continuous F360
system (group B), the debris scores used for the criteria are as demonstrated in Table 4. In the coronal third,
60% of samples were found with score 1, 24% were found with score 2, and 16% were found with score 3. In
the middle third, 60% of specimens were found with score 1, 36% were found with score 2, and 4% were
found with many agglomerulations of debris covering less than 50% of the root canal wall. In the apical third,
52% of samples were found with a clear root canal wall, with only a few small debris particles, 36% were
found with score 2, 8% of samples were found with many agglomerulations of debris covering less than 50%
of the root canal wall (score 3), and 4% specimens of canals were found with more than 50% of the root canal
wall covered with debris (score 4).
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Coronal Middle Apical

Group Group Group Group Group

Group B
A B A B A

Smear layer scoring

n=25 n=25 n=25 n=25 n=25 n=25

14 15 15 15 10 13
Clear root canal wall, only a few small debris particles
56% 60% 60% 60% 40% 52%

Few Small agglomerluations of debris present
36% 24% 28% 36% 28% 36%

Many agglomerulations of debris covering less than 50% of root canal 2 “ ¢ L 3 2
el 8% 16%  12% 4% 20% 8%
0 0 0 0 3) 1
More than 50% of the root canal wall covered
0% 0% 0% 0% 12% 4%
0 0 0 0 0 0
Complete or nearly complete root canal wall with debris
0% 0% 0% 0% 0% 0%
Significance 0.016* 0.114 0.247

TABLE 4: Comparison of debris removal score between two groups

*Statistically significant (p<0.05).

Figure 8 shows the mean smear layer score in both groups at different levels.

Mean smear layer score in both groups at various levels
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FIGURE 8: Mean smear layer score in both groups at different levels

Figure 9 shows the mean debris score in both groups at different levels.
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Mean debris score in both groups at various levels

050
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CORONAL MIDOLE APICAL
Pads Tide

FIGURE 9: Mean debris score in both groups at different levels

No significant differences (p<0.01) were found between the two used systems, the single file reciprocating
motion system and the continuous motion F360 system (Table 5). However, concerning the elimination of
the smear layer, better results were obtained in the coronal and middle thirds, compared to the apical third,
where a high amount of smear layer was observed. After analysis of the obtained results, it can be concluded
that WaveOne presented a higher degree of removal of the smear layer of root canals in the coronal and
middle thirds and less in the apical thirds than the F360 file system (p<0.01).

Sum of squares df Mean square F Sig.
Between groups 1.040 2 0.520 0.824 0.443 NS
Group A Within groups 45.440 72 0.631
Total 46.480 74
Between groups 0.827 2 0.413 0.713 0.494 NS
Group B Within groups 41.760 72 0.580
Total 42.587 74

TABLE 5: Overall comparison of smear layer score (one way ANOVA)

NS: not significant (P>0.05).

Inference: there is no statistically significant differences present in the smear layer score at various levels in either group A or group B.

However, concerning the elimination of debris from the canal, the WaveOne file system was unable to clear
the debris properly from the canal than the F360 file system. Somehow, better results were obtained in the
coronal and middle thirds, compared to the apical third, where a high amount of debris was observed in both
groups. The analysis of the results concluded that WaveOne presented a lower degree of removal of debris
from the root canals in the coronal, middle, and apical thirds with a statistical difference when compared
with the continuous motion F360 file system (p<0.05) (Table 6).
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Between groups
Group A Within groups

Total

Between groups
Group B Within groups

Total

Sum of squares df Mean square F Sig.
4.507 2 2.253 3.282 0.043*
49.440 72 0.687

53.947 74

0.507 2 0.253 0.479 0.621 NS
38.080 72 0.529

38.587 74

TABLE 6: Overall comparison of debris score (one way ANOVA)

*Statistically significant (p<0.05), NS: not significant (P>0.05).

Inference: there is statistically significant difference present in the debris score of group A at various locations, no difference in debris score in group B at

various levels.

Discussion

The objective of biomechanical instrumentation is to thoroughly clean the root canal region of any diseased
pulp tissue, including remnants of the pulpal tissue, debris, and a smear layer [8]. The thickness of the smear
layer, which is a thin coating that remains on the root canal wall after instrumentation, ranges anywhere
from 1 to 2 um. A smear layer could not be found in the areas that were not instrumented. The smear layer is
composed of residual irrigants, pieces of dentine, germs, and the remains of the live or necrotic pulp tissue.
Dentine fragments also contribute to this layer [9].

The purpose of the present study was to compare the cleaning efficacy of root canals using different rotary
single file systems: WaveOne (Dentsply Maillefer, Ballaigues, Switzerland), which works in reciprocating
motion, and F360 (Komet Brasseler GmbH & Co., Lemgo, Germany), which works in continuous motion.
Yared in 2008 introduced a new approach using a single NiTi instrument that works in reciprocating
movement (single-file root canal preparation) with only 1 ProTaper F2 (Dentsply Maillefer, Ballaigues,
Switzerland), which was used in a reciprocating motion [5]. The reduction in the number of files has led to
the assumption that the apical extrusion of debris and the release of neuropeptide could be decreased,
therefore reducing the prevalence of symptomatic apical periodontitis [10-12].

The first single-file and single-use files launched in the market were made for use in a reciprocating motion.
Although single-file reciprocating systems have been shown to offer advantages over multi-file rotary
systems, by using reciprocating motion, the risk of cyclic fatigue fracture is reduced because it is presumed
that the counterclockwise rotation of reciprocating motion diminishes the torsional stress exerted on the file
during the active canal shaping procedure [13].

The WaveOne (Dentsply Maillefer) NiTi single-file system is relatively new and is designed to be used with a
dedicated reciprocating motion. Todays last single file systems are developed to be used in continuous
rotatary motion and not for reciprocating motion; the F360 (Komet Brasseler GmbH & Co., Lemgo,

Germany) file system belongs to them. The WaveOne system, which is a single-file reciprocating system with
unequal clockwise/counterclockwise motion, has been claimed to be four times safer and almost three times
faster than when using multiple rotary files to achieve the same final shape [10,14]. The WaveOne system is a
single-file reciprocating system with asymmetrical clockwise/counterclockwise motion [14]. F360, which is
also a single-file system, was first introduced to work in continuous motion with 4% and 6% taper. These
files have a modified S-shaped cross-section, which helps more in clearing the debris. The pre-sterilised,
single-use F360 files are designed to prevent cross-contamination, eliminate the need to clean, disinfect,
and sterilise the instruments, and reduce the risk of fracture due to cyclic fatigue [15].

Both of these tools were used in this research in a manner that adhered to the recommendations provided by
the manufacturers of each tool. All of the canal spaces inside the root samples were appropriately prepared
by adhering to all of the operation sequences and adjusting the instrument operating parameters. In
addition to analysing the conclusions drawn from the preparation of the canal space, using a scanning
electron microscope at a greater magnification (1000x), a comparison of the cleaning performance of two
instrumentation approaches was performed by numerical evaluation of the debris and smear layer in the
canal's coronal, middle, and apical regions (SEM).

In this present study, both tested instruments were used in accordance with the manufacturer's instructions.
All protocol sequences and instruments' operative settings were respected, the canal spaces of all root
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samples were prepared accordingly, and the results of the outcome of the preparation of the canal space were
evaluated. The cleaning efficacy of the two instrumentation methods was examined on the basis of separate
numerical evaluations of the coronal, middle, and apical portions of the canal debris and smear layer at
higher (1000x) magnification under SEM. Both reciprocating motion WaveOne and continuous motion F360
file systems effectively removed the smear layer in the coronal and middle thirds but not the apical third in
the present study. In comparison to the WaveOne file system, which works in reciprocating motion and
effectively removes the smear layer in the coronal and middle thirds but leaves more smear layers in the
apical thirds, the F360 file system works in continuous rotation. F360, which works in continuous motion,
showed more effective cleanliness in the apical third of the canals. In a similar study, conducted by Kockac et
al. [16], no difference was found between the two instruments in terms of the presence of smear layers,
pulpal debris, and inorganic debris, and the scores were significantly higher in the reciprocating WaveOne
file than the continuous motion OneShape file. However, in another study by Poggio et al. [17], it was
concluded that reciprocating instruments seemed to be less effective in promoting the cleanliness of root
canal walls and in removing the smear layer from dentine. It was found that reciprocating instruments leave
a higher quantity of smear layer, and due to this fact, dentinal tubules are not completely opened. Another
study carried out by Dagna et al. [18] found that the F6 Skytaper seems to be more effective than the F360 in
the middle third, probably due to the increased taper. However, each backward motion of the reciprocating
file might provide the opportunity for debris to build up in protrusions and isthmus areas [17]. In addition,
the reciprocating motion of the file may not allow the blade to cut into the dentine as cleanly, resulting in a
burnishing-type effect and pushing debris into recesses and isthmuses [19].

Amaral et al. [20] conducted research on the removal of the smear layer in canals that had been shaped using
reciprocating and rotary systems, such as Reciproc, WaveOne, or Mtwo systems. The researchers found that
there were no statistically significant differences between the three methods, particularly in the middle and
coronal thirds of the canal. It was discovered that the thickness of the smear layer increased as one moved
closer to the apex of the structure. Suparna et al. [21] evaluated the cleaning effectiveness of two different
rotary file systems using a scanning electron microscope. These systems were the ProTaper NEXT and the
WaveOne. The researchers found that the rotating systems WaveOne and ProTaper NEXT cleaned the
coronal and middle thirds of the root canal much more successfully than the apical thirds of the canal. The
single-file system in reversible motion offered by WaveOne beat Protaper NEXT in terms of performance.

When compared side by side, the outcomes of a continuous rotational motion and those of a reciprocating
motion reveal that the latter generates a preparation that is more well-balanced. The steady rotating
movement has very little effect on the canal's inner curvature; nevertheless, it does have the effect of
enlarging the canal's exterior, especially in the third that is closest to the apex. Because of this, it should
come as no surprise that the reciprocating movement is responsible for higher cleaning efficiency [22]. The
reciprocating movement, which helps in root canal cleaning, has a number of advantages, including a
reduction in torsional and flexural stresses, an improvement in canal centering ability, and a reduction in
the amount of taper lock that occurs inside the root canal [23,24].

The removal of dentine with WaveOne is shown to be mild and inadequately comprehensive in the SEM
pictures. In spite of its modest surface activity, it generates a thick, less soluble smear layer that EDTA is
unable to remove. This layer cannot be removed by washing. The propensity of this file system is to produce
a smear layer that is "well packed" and not one that should be desired. Because of the rotating motion of
NiTi instruments, it is probable that they disseminate and compress microscopic dentine particles and
shavings along dentine walls. These particles and shavings are then partially dissolved by EDTA and removed
coronally via flute gaps. The F360, which has a cross-section in the shape of a "double S" and two cutting
blades, is the ideal instrument for the removal of debris. It also produces SEM pictures that are often free of
the smear layer and display the majority of dentinal tubules in unconstrained and completely open
conditions.

In comparison to the F360 file system, which has a larger triangular cross-section, the WaveOne file system
may not have sufficient space for debris to be transported, which in turn reduces the cutting ability and
cleaning efficiency of the WaveOne file system. Because it is required to remove cut dentin pieces in order to
minimise clogging of the cutting blades, the cross-sectional design of mechanical instruments also has an
influence on how well they are cleaned [25,26]. Biirklein et al. [27] compared the cutting effectiveness of the
Reciproc and the WaveOne instruments and found that the S-shaped cross-section of the Reciproc
instrument was more effective than the triangular cross-section of the WaveOne instrument. They
concluded that the S-shaped cross-section of the Reciproc instrument was superior to the triangular cross-
section of the WaveOne instrument. In addition to this, they discovered that the configuration of the cross-
section was more essential than the kind of motion that was employed for cutting and cleaning.

It is also claimed that when instrumentation is performed with files of greater taper, a pseudo sense of snug
fit is created because of the binding of the flutes in the coronal portion, whereas the apical portion may lie
uninstrumented [28]. Also, irrigants may not penetrate the apical thirds, which have narrower diameters
than the coronal and middle thirds. All these factors may be responsible for the better cleaning of the
coronal and middle thirds when compared to the apical thirds [29]. Hence, the meticulous way of using
different instruments plays a vital role in the proper biomechanical preparation of the root canal as well as
being required to obtain a better and cleaner root canal to obtain asepsis.
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In the present study, only upper maxillary central incisors were considered because, in straight access canals,
the removal of debris is better appreciated than in curved canals [30], although further studies on curved
canals are recommended.

The limitation of the present study is that WaveOne seems to produce a "well-packed" smear layer, which is
not a desirable property of this file system. Furthermore, it is an in vitro study, and further in vivo studies
comparing the efficacy of both systems are recommended.

Conclusions

The present study concludes that both the WaveOne and F360 file systems effectively cleared debris in the
coronal and middle thirds but not in the apical thirds. However, in comparison, the WaveOne file system
presented a lower degree of removal of debris from the root canals in the coronal, middle, and apical thirds
with a statistical difference when compared with the continuous motion F360 file system. Furthermore,
there were no statistically significant differences in the removal of the smear layer at various levels in both
the WaveOne file system and the F360 file system. However, in comparison, the WaveOne file system, which
works in a reciprocating motion, presented a higher degree of removal of the smear layer of root canals in
the coronal and middle thirds and less in the apical thirds than the F360 file system, which works in
continuous motion.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ethical Committee,
Maharaja Ganga Singh Dental College and Research Centre issued approval Mgsdc/cons/14/302. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Loizides AL, Kakavetsos VD, Tzanetakis GN, Kontakiotis EG, Eliades G: A comparative study of the effects of
two nickel-titanium preparation techniques on root canal geometry assessed by microcomputed
tomography. ] Endod. 2007, 33:1455-9. 10.1016/j.joen.2007.07.019

2. Gonzalez-Rodrguez MP, Ferrer-Luque CM: A comparison of profile, Hero 642, and K3 instrumentation
systems in teeth using digital imaging analysis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2004,
97:112-5. 10.1016/j.tripleo.2003.08.019

3. Violich DR, Chandler NP: The smear layer in endodontics - a review . Int Endod J. 2010, 43:2-15.
10.1111/j.1365-2591.2009.01627.x

4. Schifer E, Zapke K: A comparative scanning electron microscopic investigation of the efficacy of manual
and automated instrumentation of root canals. ] Endod. 2000, 26:660-4. 10.1097/00004770-200011000-
00007

5. Yared G: Canal preparation using only one Ni-Ti rotary instrument: preliminary observations. Int Endod J.
2008, 41:339-44. 10.1111/j.1365-2591.2007.01351.x

6. Peters OA, Barbakow F: Dynamic torque and apical forces of ProFile.04 rotary instruments during
preparation of curved canals. Int Endod J. 2002, 35:379-89. 10.1046/j.0143-2885.2001.00494.x

7. Zmener O, Pameijer CH, Banegas G: Effectiveness in cleaning oval-shaped root canals using Anatomic
Endodontic Technology, ProFile and manual instrumentation: a scanning electron microscopic study. Int
Endod J. 2005, 38:356-63. 10.1111/j.1365-2591.2005.00938.x

8. Hiilsmann M, Riimmelin C, Schifers F: Root canal cleanliness after preparation with different endodontic
handpieces and hand instruments: a comparative SEM investigation. ] Endod. 1997, 23:301-6.
10.1016/50099-2399(97)80410-4

9. You SY, Bae KS, Baek SH, Kum KY, Shon WJ, Lee W: Lifespan of one nickel-titanium rotary file with
reciprocating motion in curved root canals. ] Endod. 2010, 36:1991-4. 10.1016/j.joen.2010.08.040

10. Drake DR, Wiemann AH, Rivera EM, Walton RE: Bacterial retention in canal walls in vitro: effect of smear
layer. ] Endod. 1994, 20:78-82. 10.1016/S0099-2399(06)81186-6

11. De-Deus G, Moreira EJ, Lopes HP, Elias CN: Extended cyclic fatigue life of F2 ProTaper instruments used in
reciprocating movement. Int Endod J. 2010, 43:1063-8. 10.1111/j.1365-2591.2010.01756.x

12.  Caviedes-Bucheli ], Castellanos F, Vasquez N, Ulate E, Munoz HR: The influence of two reciprocating
single-file and two rotary-file systems on the apical extrusion of debris and its biological relationship with
symptomatic apical periodontitis. A systematic review and meta-analysis. Int Endod J. 2016, 49:255-70.
10.1111/iej.12452

13.  Grande NM, Ahmed HM, Cohen S, Bukiet F, Plotino G: Current assessment of reciprocation in endodontic
preparation: a comprehensive review-part I: historic perspectives and current applications. ] Endod. 2015,
41:1778-83. 10.1016/j.joen.2015.06.014

14. JohnsonE, Lloyd A, Kuttler S, Namerow K: Comparison between a novel nickel-titanium alloy and 508
nitinol on the cyclic fatigue life of ProFile 25/.04 rotary instruments. ] Endod. 2008, 34:1406-9.

2023 Samudrala et al. Cureus 15(4): €37503. DOI 10.7759/cureus.37503 13 of 14


javascript:void(0)
https://dx.doi.org/10.1016/j.joen.2007.07.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2007.07.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.tripleo.2003.08.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.tripleo.2003.08.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2009.01627.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2009.01627.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00004770-200011000-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00004770-200011000-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2007.01351.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2007.01351.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.0143-2885.2001.00494.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.0143-2885.2001.00494.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2005.00938.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2005.00938.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(97)80410-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(97)80410-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2010.08.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2010.08.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(06)81186-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(06)81186-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2010.01756.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2010.01756.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/iej.12452?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/iej.12452?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2015.06.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2015.06.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2008.07.029?utm_medium=email&utm_source=transaction

Cureus

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10.1016/j.joen.2008.07.029

Kumar SR, Gade V: Single-file niti-rotary systems. Int ] Contemp Med Res. 2015, 4:704-7.

Kocak MM, Kocak S, Saglam BC, Tiirker SA: Smear layer and debris removal following use of WaveOne and
Oneshape single-file systems: SEM study. Int ] Contemp Med Res. 2014, 1:77. 10.5005/jp-journals-10029-
1076

Poggio C, Dagna A, Chiesa M, Scribante A, Beltrami R, Colombo M: Effects of NiTi rotary and reciprocating
instruments on debris and smear layer scores: an SEM evaluation. ] Appl Biomater Funct Mater. 2014,
12:256-62. 10.5301/jabfm.5000161

Dagna A, Gastaldo G, Beltrami R, Chiesa M, Poggio C: F360 and F6 Skytaper: SEM evaluation of cleaning
efficiency. Ann Stomatol (Roma). 2015, 6:69-74. 10.11138/ads/2015.6.3.069

Robinson JP, Lumley PJ, Cooper PR, Grover LM, Walmsley AD: Reciprocating root canal technique induces
greater debris accumulation than a continuous rotary technique as assessed by 3-dimensional micro-
computed tomography. ] Endod. 2013, 39:1067-70. 10.1016/j.joen.2013.04.003

Amaral P, Forner L, Llena C: Smear layer removal in canals shaped with reciprocating rotary systems . J Clin
Exp Dent. 2013, 5:€227-30. 10.4317/jced.51170

Suparna SG, Poorvi S, Sandeep D, Shubham K: Comparison of root canal cleaning ability of ProTaper next
and WaveOne rotary file systems-a scanning electron microscopic (SEM) study. Endodontology. 2015,
27:124-8.

Franco V, Fabiani C, Taschieri S, Malentacca A, Bortolin M, Del Fabbro M: Investigation on the shaping
ability of nickel-titanium files when used with a reciprocating motion. ] Endod. 2011, 37:1398-401.
10.1016/j.joen.2011.06.030

Southard DW, Oswald RJ, Natkin E: Instrumentation of curved molar root canals with the Roane technique .
] Endod. 1987, 13:479-489. 10.1016/S0099-2399(87)80015-8

Hosu BG, Berg HC: CW and CCW conformations of the E. coli flagellar motor C-ring evaluated by
fluorescence anisotropy. Biophys J. 2018, 114:641-9. 10.1016/j.bpj.2017.12.001

Bergmans L, van Cleynenbreugel ], Wevers M, Lambrechts P: Mechanical root canal preparation with NiTi
rotary instruments: rationale, performance and safety—status report for the. Am ] Dent. 2001, 14:324-33.
Sch€afer E: Relationship between design features of endodontic instruments and their properties: part 1—
cutting efficiency. ] Endod. 1999, 25:52-5. 10.1016/50099-2399(99)80400-2

Biirklein S, Hinschitza K, Dammaschke T, Schéfer E: Shaping ability and cleaning effectiveness of two
single-file systems in severely curved root canals of extracted teeth: Reciproc and WaveOne versus Mtwo
and ProTaper. Int Endod J. 2012, 45:449-61. 10.1111/j.1365-2591.2011.01996.x

Lumley PJ: Cleaning efficacy of two apical preparation regimens following shaping with hand files of greater
taper. Int Endod J. 2000, 33:262-5. 10.1046/j.1365-2591.2000.00290.x

Li H, Zhang C, Li Q, Wang C, Song Y: Comparison of cleaning efficiency and deformation characteristics of
Twisted File and ProTaper rotary instruments. Eur ] Dent. 2014, 8:191-6. 10.4103/1305-7456.130598
Serefoglu B, Kandemir Demirci G, Migoogullar: Kurt S, Kasike: Bilgi I, Caligkan MK: Impact of root canal
curvature and instrument type on the amount of extruded debris during retreatment. Restor Dent Endod.
2021, 46:e5. 10.5395/rde.2021.46.e5

2023 Samudrala et al. Cureus 15(4): €37503. DOI 10.7759/cureus.37503

14 of 14


https://dx.doi.org/10.1016/j.joen.2008.07.029?utm_medium=email&utm_source=transaction
https://pesquisa.bvsalud.org/portal/resource/pt/sea-178290?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5005/jp-journals-10029-1076?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5005/jp-journals-10029-1076?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5301/jabfm.5000161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5301/jabfm.5000161?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.11138/ads/2015.6.3.069?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.11138/ads/2015.6.3.069?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2013.04.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2013.04.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4317/jced.51170?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4317/jced.51170?utm_medium=email&utm_source=transaction
https://d1wqtxts1xzle7.cloudfront.net/41615057/Endodontology_272_124-128-libre.pdf?1453885453=&Expires=1677089102&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA&Signature=cpilKsV~tQE5YJt5tvUBoRl6X8gYmK1dBb7a4Sf6d7G3MyaIgM6ZR8jj4KwEaecbRq98Zzh8Iao~w-5-6geYtcW1l1WIh3QisNQ2T2QSn8vFLc6X10lJXYN8bm4wXGAjo3-L1820io5WyJg25UKVamEv~nrLis30lqOqP3g3stmMTUmz-mBQOSQ78IgHapCywm3nW1wbjDok7hiZKgZ2r1pB5ln9V8BmUfsuBXFtAIr31Zwl5NpyavbMCoY872MqZSJlWlz6yrS-OHEMWsSRS0CrhZ2qdtWMyNIKgFZ0HtzbZGtnMNrz400rqSO1K2tpjjTIyMOgugcGY5uSsQHSXA__&response-content-disposition=inline%3B filename%3DComparison_of_Root_Canal_Cleaning_Abilit.pdf&utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2011.06.030?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joen.2011.06.030?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(87)80015-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(87)80015-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bpj.2017.12.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bpj.2017.12.001?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/11803999/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(99)80400-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0099-2399(99)80400-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2011.01996.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2591.2011.01996.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1365-2591.2000.00290.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1365-2591.2000.00290.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/1305-7456.130598?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/1305-7456.130598?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5395/rde.2021.46.e5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5395/rde.2021.46.e5?utm_medium=email&utm_source=transaction

	A Comparative Study on the Shaping Ability and Cleaning Efficiency of Two Different Single-File Systems, Reciprocating Wave One Versus Continuous Rotation F360, Evaluated by Scanning Electron Microscope: An In Vitro Study
	Abstract
	Introduction
	Materials And Methods
	FIGURE 1: Samples coated with gold palladium
	TABLE 1: Debris scoring criteria
	TABLE 2: Smear layer scoring criteria
	FIGURE 2: Photomicrograph of root canal shaping with reciprocating WaveOne motion (coronal third)
	FIGURE 3: Photomicrograph of root canal shaping with reciprocating WaveOne motion (middle third)
	FIGURE 4: Photomicrograph of root canal shaping with reciprocating WaveOne motion (apical third)
	FIGURE 5: Photomicrograph of root canal shaping with continuous motion F360 (coronal third)
	FIGURE 6: Photomicrograph of root canal shaping with continuous motion F360 (coronal third)
	FIGURE 7: Photomicrograph of root canal shaping with continuous motion F360 (apical third)

	Results
	TABLE 3: Comparison of smear layer removal score
	TABLE 4: Comparison of debris removal score between two groups
	FIGURE 8: Mean smear layer score in both groups at different levels
	FIGURE 9: Mean debris score in both groups at different levels
	TABLE 5: Overall comparison of smear layer score (one way ANOVA)
	TABLE 6: Overall comparison of debris score (one way ANOVA)

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


