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Abstract

Background
It is important to use proper endodontic rotary �les during treatment. Because of the canal curvature and
the desire of the endodontic �les to return to their original form during root canal preparation, errors such
as canal transportation and deviation from the root canal center might occur. This study aimed to assess
the canal transportation and centering ability of 2Shape, Neoniti, and EdgeFile X1 in extracted human
mandibular molar root canals with 20-40-degree curvature by using micro computed tomography (micro-
CT).

Methods
Out of two hundred and �fty extracted human mandibular molars, thirty with mesiobuccal canals with 20-
40-degree curvature were selected. They were then randomly assigned to three groups (n = 10). The
crowns of the teeth and the distal roots were cut off, and the mesial roots were standardized to have 12 ± 
1 mm length. The roots were mounted in acrylic blocks, and the primary micro-CT images were obtained.
Root canal instrumentation was then performed, and secondary micro-CT images were taken. RadiAnt
software was used to compare before- and after-instrumentation images at 1, 3, 5, and 7 mm from the
apex and make the measurements.

Results
Root canal instrumentation with all three systems caused apical transportation and deviation from the
original central path of the canal. No signi�cant difference was found in apical transportation (P > 0.05)
or centering ability (P > 0.05) among the three �le systems at the aforementioned four levels from the
apex.

Conclusions
All three �le systems showed some degrees of apical transportation and deviation from the original
central canal path with no statistically signi�cant difference among them in this respect.

Background
The main goal of chemomechanical preparation of the root canal system is to eliminate the
microorganisms, pulpal tissue, and debris from the root canal system, and shape the root canal to create
a suitable space for the application of root �lling material.(1) Optimal preparation of straight root canals
is easy to achieve; however, root canal instrumentation is challenging in curved canals, especially in the
narrow and curved canals of maxillary and mandibular molars.(2) Greater root canal curvature increases
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the magnitude of stress applied to the rotary �le and subsequently to the root canal walls, which can lead
to canal transportation, straightening of the canal path, and deviation from the original path.(3–5)
According to Wu et al(6) teeth with apical transportation < 0.3 mm had signi�cantly lower apical leakage
than those with > 0.3 mm transportation.(6)

Centering ability of an endodontic �le is de�ned as position of the �le axis at the center of the canal path
to prevent ledging, zipping, and perforation of the root canal in endodontic treatment.(7)

Rotary nickel-titanium (NiTi) instruments with improved properties are produced by different
manufacturers. NiTi rotary �les have numerous advantages such as high �exibility and expedition of the
process of root canal instrumentation.(8)

2Shape (Micro-Mega, Besancon, France) instruments are known for their sequential rotational movement
and speci�c heat treatment (T-Wire). They are claimed to have higher �exibility and cyclic fatigue
resistance, and preserve the elasticity of the nickel-titanium (NiTi) alloy.(9)

EdgeFile X1 (EdgeEndo; Albuquerque, New Mexico, USA) is a reciprocating system made of annealed
heat-treated NiTi alloy with the commercial name of Fire Wire. The manufacturer claims that it has a high
torque strength along with optimal �exibility and high cyclic fatigue resistance.(10)

Neoniti (Neolix, Charters, la-Foret, France) is a single-�le system with full-rotational movement, which
bene�ts from the electric discharge machining technology. According to the manufacturer, it has high
�exibility and fracture resistance, and optimal shaping ability due to its unique properties, rectangular
cross-sectional design, e�cient cutting blades, and built-in abrasive surface.(11)

Micro-computed tomography (micro-CT) is a recommended technique for assessment of radicular dentin
and its alterations without damaging the tooth structure.(12) Also, micro-CT has a higher quality than
cone-beam computed tomography (CBCT), and is therefore commonly used for assessment of new
endodontic �le systems.(13)

This study aimed to compare apical transportation and centering ability of 2Shape, EdgeFile X1, and
Neoniti in human extracted mandibular molars with 20-40-degre root curvature using micro-CT.

Methods
A total of 250 human mandibular �rst and second molars were collected from multiple dental clinics
inside the city of Tehran. All the extractions were performed with the patient’s informed consent. These
250 teeth were evaluated and their roots were inspected under a stereomicroscope at x12 magni�cation,
and those with immature apex and external dentinal defects were excluded. Next, high-resolution CBCT
images were obtained from the teeth using NewTom VGI CBCT scanner (QR, SRL Co, Verona, Italy) with
the exposure settings of 110 kV, 9.5 mA, 0.1 mm voxel size, and 6 x 6 cm �eld of view. OnDemand 3D
software (CyberMed Inc., Irvine, CA, USA) was used for assessment of different sections.
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The root canal curvature was measured by the Schneider’s method.(14) In this method, the canal
curvature is calculated by measuring the angle formed between the longitudinal axis of the canal and a
line drawn from the initiation of curvature to the apical foramen. Molar roots with 20-40-degree curvature
in the sagittal or coronal plane or both, no calci�cation, no internal/external root resorption, and no
history of previous endodontic treatment were included in the study. The mesiobuccal canals of the
mesial roots of eligible teeth were selected for this study,(15) and 30 teeth were included as such. All
teeth were stored in 0.1% thymol solution during the experiment. The tooth crown and distal root were cut
by a low-speed saw (Isomet 4000; Buehler Ltd, Lake Bluff, IL, USA) under water coolant, and the root
length was standardized at 12 ± 1 mm from the apex.

To simulate the periodontal ligament, the root surface was covered with one layer of aluminum foil, and
the roots were mounted in plastic tubes with 55 mm diameter and 20 mm height �lled with acrylic resin
(Kulzer GmbH, Leipziger, Hanau, Germany). After setting of the acrylic resin, the aluminum foil was
removed from the root surface and replaced with silicone impression material (GC Co., Tokyo, Japan).
The specimens were then mounted back in the acrylic resin.(16)

Subsequently, the specimens were randomly assigned to three groups (n = 10) of 2Shape, EdgeFile X1,
and Neoniti. All teeth were scanned by a micro-CT scanner (LOTUS-inVivo, Behin Negareh Co., Tehran,
Iran) prior to instrumentation,(17) and 400–500 transverse cross-sectional images with 24 µm slice
thickness were obtained from each root. The exposure parameters included 31 µm isotropic resolution, 99
kV voltage, 88 µA amperage, 2 s frame exposure time, aluminum �lter with 0.5 mm thickness, 360-degree
rotation, and 0.3-degree rotation step.

The canal length was measured by introducing a #10 K-�le (Mani Inc., Tochigi, Japan) into the canal until
its tip was visible at the apex; 1 mm was subtracted from this length to determine the working length. A
#15 K-�le (Mani Inc., Tochigi, Japan) was used to create a glide path.

Instrumentation in all groups was performed by one operator. Each �le was used for only two canals with
a VDW motor (VDW Silver motor; VDW GmbH, Munich, Germany) and the speed and torque
recommended by the manufacturer.

In the 2Shape group, TS1 (25, 04) and TS2 (25, 06) �les with 1.5 N/cm torque and 300 rpm speed were
progressively used with three up-and-down and upward circumferential �ling movements. In case of
presence of resistance against the �le movement, circumferential brushing movement was used to
eliminate resistance. Filing was continued after irrigation until the �le reached the working length.

In the EdgeFile X1 group, EdgeFile-X1 instrument (25/.06) was used with reciprocating motion by using
the WaveOne setting with gentle apical pressure and inward pecking movement (2–3 mm inward
movement, and 1–2 mm outward movement) until the working length was reached.

In the Neoniti group, Neoniti A1 instrument (25, 06) was used with 1.5 N/cm torque and 300 rpm speed
with pecking and circumferential brushing movements until the working length was reached.
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In all systems, after three pecking movements, the �le was removed from the canal and its �utes were
cleaned with a gauze. The root canals were then rinsed with 2 mL of 5.25% sodium hypochlorite
(Chloraxid 5,25%, Cerkamed Medical Company, Stalowa Wola, Poland) with a 5 mL syringe (SinaMax,
Tehran, Iran) and 30-gauge irrigation needle (Endo irrigation needles ENDO-TOP; Cerkamed Medical
Company, Stalowa Wola, Poland). Recapitulation was performed with a #10 K-�le. After preparation of
specimens, they underwent micro-CT again with the parameters similar to those of the primary scanning.

The reconstructed micro-CT images were transferred to a Dataviewer (RadiAnt DICOM Viewer 2020.2).
Cross-sectional micro-CT images of specimens before and after root canal instrumentation were
superimposed, and the mesiodistal and buccolingual root canal dimensions were measured at 1, 3, 5, and
7 mm from the apex (Fig. 1). Two observers blinded to the group allocation of specimens evaluated all
sections twice and made the measurements. In case of disagreement between the two observers, the
images were evaluated again until a consensus was reached.

Mesiodistal transportation was calculated using the following formula: (M1-M2) - (D1-D2)

Buccolingual transportation was calculated using the following formula: (B1-B2) - (L1-L2)

The abovementioned formulae were adopted from studies by Gambill et al,(18) and Hasheminia et al.(19)
A positive quotient would indicate the occurrence of transportation in the mesial or buccal direction while
a negative quotient would indicate the occurrence of transportation in the distal or lingual direction.

Centering ability was evaluated using the formula:

(M1-M2)/(D1-D2) or (D1-D2)/(M1-M2)

The larger value was placed as the numerator so that the quotient would range from 0 to 1. The same
was done for buccolingual direction. In this formula, a quotient of 1 would indicate the highest (best)
centering ability while 0 would indicate the lowest (worst) centering ability. Four sections of each
specimen were evaluated as such, and the abovementioned formulae were separately used for each of
the 4 levels from the apex.

Data were collected through observation of before- and after-instrumentation micro-CT cross-sectional
images.

ANOVA was applied with one within-factor (canal cross-section) and one between-factor (�le type). The
Shapiro-Wilk test was used to analyze the normality of data distribution. SPSS version 26 (2020) was
used for statistical analysis of the data. The mean and standard deviation of the values were reported.

Results
This study was conducted on the mesiobuccal canals of mandibular molars instrumented with three
different rotary systems to assess their canal transportation and centering ability:
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Group 1: 2Shape rotary �le

Group 2: Neoniti rotary �le

Group 3: EdgeFile X1 reciprocal �le

Table 1
presents the mean and standard deviation of mesiodistal and buccolingual canal transportation and

centering ability of the �les at 1, 3, 5, and 7 mm from the apex. The results showed no signi�cant
difference among the three groups regarding canal transportation and centering ability at any level from

the apex (P > 0.05). The results showed that in all three groups, apical transportation and centering ability
in mesiodistal direction increased as the distance from the apex increased; however, this increase was not
signi�cant (P > 0.05). In the 2Shape group, the majority of canal transportations occurred in mesiodistal

direction (60%); however, the difference was not signi�cant (P > 0.05).
File
system

Distance
from
apex

Mean and
standard
deviation of
mesiodistal
transportation

Mean and
standard
deviation of
buccolingual
transportation

Mean and
standard
deviation of
centering ability in
mesiodistal
direction

Mean and
standard deviation
of centering ability
in buccolingual
direction

2Shape 1 mm 0.08 (0.07) 0.08 (0.07) 0.36 (0.33) 0.44 (0.41)

3 mm 0.10 (0.10) 0.14 (0.15) 0.37 (0.32) 0.39 (0.35)

5 mm 0.12 (0.08) 0.05 (0.05) 0.34 (0.26) 0.53 (0.32)

7 mm 0.17 (0.23) 0.08 (0.12) 0.71 (0.16) 0.34 (0.33)

NeoNiTi 1 mm 0.07 (0.08) 0.07 (0.08) 0.37 (0.32) 0.48 (0.37)

3 mm 0.07 (0.02) 0.08 (0.06) 0.38 (0.23) 0.31 (0.27)

5 mm 0.09 (0.07) 0.14 (0.13) 0.6 (0.24) 0.42 ()0.39

7 mm 0.14 (0.14) 0.2 (0.23) 0.61 (0.24) 0.31 (0.29)

EdgeFile
X1

1 mm 0.04 (0.02) 0.10 (0.12) 0.33 (0.3) 0.28 (0.37)

3 mm 0.09 (0.09) 0.06 (0.05) 0.4 (0.29) 0.39 (0.33)

5 mm 0.10 (0.08) 0.13 (0.09) 0.47 (0.34) 0.22 (0.27)

7 mm 0.11 (0.08) 0.08 (0.07) 0.54 (0.32) 0.49 (0.33)

Table 1. Mean and standard deviation of mesiodistal and buccolingual canal transportation and
centering ability of the �les at 1, 3, 5, and 7 mm from the apex.

Discussion
This study evaluated the mesiobuccal canals of mandibular molars with 20-40-degree curvature and
showed similar level of apical transportation and centering ability of all three �le systems. The goal
behind preparation of a narrow and curved canal is to create a conical shape with proper taper for correct
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obturation. Excessive dentin removal from one direction causes a deviation from the main canal path and
prevents proper cleaning and shaping of the canal.(20) Thus, assessment of the changes following root
canal cleaning and shaping is performed to evaluate the mechanical properties and tendency of
endodontic instruments to preserve the original anatomy of the canal.(21) Micro-CT was used in the
present study to assess canal transportation since this modality has the highest accuracy and resolution
among the available radiographic techniques.(22, 23) Moreover, �les with the same taper were used in all
teeth to standardize the apical preparation of specimens and eliminate its confounding effect on the
results. In the present study, natural extracted teeth were used to better simulate the clinical setting, which
is more reliable than evaluation of post-instrumentation changes by using resin blocks. Nonetheless, use
of resin blocks also has advantages such as standardization of root diameter, canal length, and canal
curvature, which is ideal for in vitro studies. However, differences in mechanical structure of resin and
dentin such as microhardness and particle size can interfere with the �le movement.(24) The mesial roots
of mandibular molars were selected for the present study because they usually have an apical curvature
and are therefore prone to instrumentation errors.(25) Moreover, the teeth were decoronated to eliminate
the confounding effect of access cavity on root canal instrumentation. Furthermore, the root length was
standardized at 12 ± 1 mm to ensure correct working length determination. Also, CBCT scans were
obtained from the teeth at baseline to evaluate their length, anatomy, and degree of curvature. All root
canal preparations and evaluation of micro-CT scans were performed by one operator. A second observer
con�rmed the accuracy of the measurements. Assessments were made in a double-blind manner.

The 2Shape �le system has novel heat-treatment properties which need to be investigated. Also, the
available studies comparing the 2Shape and EdgeFile systems with other �les are scarce.

In the present study, all the tested �les caused canal transportation with no signi�cant difference with
each other. The magnitude of mesiodistal canal transportation at 1, 3, 5, and 7 mm from the apex was
greater in the 2Shape than EdgeFile and Neoniti; however, this difference did not reach statistical
signi�cance.

Faisal et al,(26) in a similar study evaluated the magnitude of dentin removal, apical transportation, and
centering ability. They compared the 2Shape and Neoniti systems and found no signi�cant difference
between them. They evaluated the mesial roots of mandibular molars with 25 to 35-degree curvature.
Their results were in agreement with the present �ndings. Nehme et al(24) evaluated canal transportation,
centering ability, and canal volume changes in mesial roots of mandibular molars following
instrumentation with ProTaper Gold and 2Shape. They found no signi�cant difference between the two
systems and reported that both systems caused some degrees of canal transportation.(27) The present
results were in line with their �ndings. Drukteinis et al(28) evaluated the shaping ability, canal
transportation and centering ability of HyFlex CM, HyFlex EDM, and EdgeFile in mesial roots of
mandibular molars and found no signi�cant difference among the three systems. However, they noticed
that EdgeFile had higher cyclic fatigue resistance than the other two systems, which may be attributed to
the use of NiTi alloy namely Fire Wire in this system. In their study, the magnitude of canal transportation
in all systems was lower than the acceptable canal transportation threshold of 0.3 mm,(6) which
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indicates the acceptable performance of all �les. The present results regarding canal transportation and
centering ability of the �les were in accordance with their �ndings.

Yilmaz et al(29) evaluated canal transportation and dentin removal from the mesiobuccal root of
maxillary molars after using ProTaper Next, OneShape, and EdgeFile X3. They found no signi�cant
difference in performance of the three systems. All these systems have rotational movement, which may
be one reason for lack of a signi�cant difference in their performance. All systems caused canal
transportation < 0.3 mm, which is not clinically signi�cant.(6) Nonetheless, EdgeFile X1 with reciprocal
movement was used for instrumentation of mandibular molar canals in the present study and yielded
results similar to those reported by Yilmaz et al.(29) Nehme et al(24) used micro-CT and found no
signi�cant difference in canal transportation between 2Shape and ProTaper Gold. Singh et al(30) used
the same �le systems and reported that the 2Shape had lower transportation and higher centering ability
than ProTaper Gold. However, they used CBCT to measure the magnitude of transportation, which has a
lower accuracy than micro-CT, and may be one reason for the difference between their results and the
present �ndings.

Hasheminia et al(19) used CBCT and reported lower canal transportation and higher centering ability of
the EdgeFile system compared with the Reciproc and WaveOne. Use of CBCT instead of micro-CT in their
study may explain the difference between their results and the present �ndings.

A systematic review by Ahn et al(31) found that reciprocal systems caused lower canal transportation
than rotary systems in studies conducted on resin blocks. However, studies conducted on extracted
human teeth showed no signi�cant difference between rotary and reciprocal systems in this regard. This
difference may be due to the presence of anatomical variations in extracted human teeth. Nonetheless,
the magnitude of canal transportation in both methods was lower than the acceptable threshold of 0.3
mm, and was therefore not clinically signi�cant. Another systematic review by Nagendrababu et al(32)
con�rmed the results of the above-mentioned systematic review(31) and demonstrated that in ex vivo
studies (conducted on extracted teeth), the difference in canal transportation was not signi�cant between
�les with rotary and reciprocal movements. In the present study, two rotary and one reciprocal �le
systems were used, and the results were in agreement with the �ndings of the above-mentioned
systematic reviews.

Conclusions
Statistical analysis in the present study revealed no signi�cant difference among 2Shape, EdgeFile, and
Neoniti �le systems regarding apical transportation or centering ability. Thus, it appears that all of them
have optimal e�cacy for root canal instrumentation in the clinical setting.

Abbreviations
micro-CT: micro computed tomography
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CBCT: cone-beam computed tomography
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Figures

Figure 1

A) A specimen cross-section at 7 mm from the apex prior to instrumentation, without measurements B)
The same specimen cross-section at 7 mm from the apex prior to instrumentation, with measurements C)
The same specimen cross-section at 7 mm from the apex after instrumentation, without measurements
D) The same specimen cross-section at 7 mm from the apex after instrumentation, with measurements
(RadiAnt Dicom Viewer software)


