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One of the most important stages in root canal treatment is shaping. Manu-
facturers have developed various equipment and techniques to achieve
better shaping abilities This study aims to evaluate the effects of 3 different
rotary file systems, produced with the different heat-treated NiTi alloys tech-
nology on root canal transportation and centering ability via CBCT. A total of
36, Vertucci Type IV mesiobuccal (MB) root canals of mandibular molars
were used. After pre-instrumented CBCT images were taken, the samples
were randomized according to initial canal curvature angles into three
groups (n=12). Root canal instrumentation was completed according to the
manufacturer's instructions in all groups (VDW.Rotate, K3XF, Hyflex EDM).
Post-instrumented CBCT images were taken. The root canal transportation
and centering ability was calculated according to the Gambill et al described
before (1996). Statistical analysis was performed using the IBM Statistics
SPSS 20.01 program. One-way ANAVO and post-hoc Tukey tests were used
for evaluating the differences among the groups. The significance level was
set at P-0.05. There were no statistical differences at any level on canal
transportation and centering ability according to groups. However, the ten-
dency to transportation changed according to differences in horizontal lev-
els. In conclusion, all systems produced similar canal transports in the man-
dibular molar canals and these systems were all clinically acceptable limits.
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INTRODUCTION

One of the most important stages in root canal

Manufacturers have developed patented

manufacturing techniques to achieve better

treatment is root canal shaping, which will determine
the fate of other stages (1). The manufacturing of
endodontic instruments from straight metals causes
root canal transportation during the shaping of
curved canals, and most of the root canals are
curved (2). This situation will result in untouched
areas in the root canals after shaping or many
endodontic errors (3). With the introduction of NiTi
rotary instruments into the market, root canal
shaping has started to take place with fewer errors,
but defects such as root canal transports (4), which
occur due to the unique characteristics of these files,

have also started to be discussed in the literature.

mechanical properties such as fracture resistance,
cutting efficiency, and flexibility in NiTi rotary tools.
VDW Rotate, which is the latest marketed by VDW
company, produces different files with many
different metals and cutting properties. VDW .Rotate
is an s-shaped cross-sectioned file with rotation
movement, offering files in many different taper for
different cases ((15/.04), (20/.05), (25/.04), (25/.06),
(30/.04), (35/.04), (40/.04), (50/.04), (60/.04), (30/.06),
(35/.06), and (40/.06))5).

HyFlex EDM (Coltene Whaledent) files are produced

by an electro discharge machining (EDM) process
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(While EDM technology was previously used to
produce miniature components for use in medical
technologies (6), it was used for the first time in
endodontic files via Hyflex EDM (7). While grinding
metal in traditional metal production techniques,
EDM method is a non-contact method that allows
the removal of unwanted parts on the material by
evaporation with electric sparks and shaping the tool
to its desired final state (8). K3XF (SybronEndo,
Orange, CA) is a file produced from R-phase wire.
Provides R-phase, shape memory and good
superelasticity effects; It has a lower Young's
modulus than the austenite phase. This means that a
file made from R-phase wire will have lower
hardness (9). Today, CBCT has taken its place as an
undisputed technology in the field of endodontic
imaging. It is used to reconstruct the anatomy of the
tooth in axial, sagittal and coronal directions with the
help of computer in detail, according to 2D imaging.
CBCT provides the clinician with uniquely detailed
information on teeth and related pathologies (10).
This study aims to evaluate the effects of 3 different
rotary file systems on root canal transport using

CBCT imaging.
2. MATERIALS AND METHODS

Pre-posttest experimental study design was
preferred. G'Power 3.1.2 software (SPSS version 0.17;
SPSS Inc., Chicago, IL, USA) was used for appropriate
sample size estimation. As a reference study of
Razcha et al (2020), the study sample size was
calculated as 12 specimens/group with the
parameters of a test power of 80%, with a type | error
probability of 0.05, and for an effect size above 0.46
as Cohen (1988) described before (11,12).

A total of 30 mesio-buccal (MB) root canals of
extracted (not related to this study) mandibular
molars with fully formed apices were used. The
canals in Vertucci Type IV ( 2 starts and continue
separately and end in 2 separete canals) was
selected for study. The teeth with no comparable
root length, root canal calcification or internal/

external root resorption are excluded from study

with a radiographically examination in both bucco-
lingual and mesio-distal directions. Teeth were
cleaned, disinfected and stored in 0.9% saline
solution. Then, the teeth were fixed in a silicone
impression (Zhermack Elite HD+ Putty, Badia
Polesine, ltaly) for providing constant position for
CBCT. Pre-instrumented, CBCT (Newton FP,
Quantitative Radiology, Verona, Italy) images were
taken whereby the constant exposure parameters of
110kv tube potential and 0.02 mAs tube current and
6"8 cm field of view were preferred. Axial slice

thickness was 0.10mm with a 0.10 mm pixel size.

After the standardized access cavities were opened
under water-cooling, glide path was performed via

#10 K-files (Dentsply Maillefer, Ballaigues, Sweden).

Mimics 15.01 software (Materalise HQ, Levven,
Belgium) were used to interpret the pre and post
CBCT images. The measurement slice was
determined in 25 and 8 mm from the apex

according to the CBCT images horizontal slices.

MB canals curvature angles were calculated
according to Estrela et al (2008) (13). Canals with
severe curvatures (20° to 45°) were selected for the

study.

The samples were randomly divided into three
groups according to their angles (n = 12). Glide file
was inserted into the root canal and passively
pushed forward till it had been visible from the
apical foramen and the length of root canal was
measured. And working length was calculated by
imm minus from that length. Root canal
instrumentation was completed according to the
manufacturer rinstructions in all  groups
(VDW.Rotate, K3XF, Hyflex EDM). As irrigation
procedure, 2 ml of 2.5% sodium hypochlorite solution
was used after each instrument change. Each
instrument was used in 4 canals. Instrumentation
was completed by an expert with The Vdw.Gold
Reciproc Motor (GRM) (VDW GmbH, Munich,

Germany) as the procedures defined below;

Group 1, VDW.Rotate; The instruction of

manufacturer's was followed. Glide path was
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performed with the file size 15, 0.4 taper by brushing
motion. And then, the file size 20, 0.6 taper and the
file size 25,04 taper were used and the files were

used with 350-400 rpm and 1.3-2Ncm, respectively.

Group 2; HyFlex EDM; As recommendations of
manufacturer, the instruments were used at a
rotational speed of 400 rpm and a torque of 2.5 Ncm.
And also the shaping procedure for the canals with
severe curvature was followed. For 2/3 coronal part
of the root canal the file with the size 25, .12 taper
was used and then for glide path #10 K type file was
used in working length. And the file size 25 were

used respectively.

Group 3 K3XF;, As recommendations of
manufacturer, the instruments were used at a
rotational speed of 400 rpm and a torque of 2 Ncm.
The file size 15, .04 taper, file size 20, .04 taper and

file size 25,.04 taper were used respectively.

The root canals were sectioned horizontally at 2,58
mm from the apex. 2mm level was set as apical

portion, 5 mm level was set as midroot and 8mm

level was set as coronal portion of the root. And the
shortest length from the root canal to the outer
surface of root were measured in the mesial and
distal part as Gambill et al. described before (14).
Canal transportation and centering ratio was
calculated according to the formula as; The
following formulas for transportation was used in
determining the amount of transportation; | (xinitial-
x2) - (yinitial-y2) |, | (xinitial-x5) - (yinitial-y5) [, | (xinitial-
x8) - (yinitial-y8) | and the following formula for
centering ratio; (xinitial -x2) / (yinitial-y2), (xinitial-
x5) / (yinitial-y5), (xinitial-x8) / (yinitial-y8) (Gambill et
al 1996). ‘X" represents mesial and "y" represent
distal measurements at related levels. According to

this formula; ‘0" means there is no canal
transportation, and positive values means there is a
transportation through the mesial region and
negative values means there is a transportation
through the distal zone. And also, for centering ratio
the values which are closer to 1 mean to better

centering ability whereas 0 indicates worse

centering ability (Figure 1).

Figure 1. Calculation the canal transportation according to Gambill et al (1996) at three different level of

2mm, 5mm, and 8 mm, from apex in three experimental groups.
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Statistical analysis was performed using the IBM

Statistics  SPSS  20.01  program.  Normality
distributions for variables was carried out by The
Kolmogorov-Smirnov test. One-way Anova and post
hoc Tukey tests were used for evaluating the
differences among the groups. The significance level

was set at P=0.05.

3. RESULT AND DISCUSSION
3.1. Results

The mean and standard deviations of initial canal

curvatures was shown in Table 1.

Table 1. The variables of mean and standard deviations

of initial canal curvatures ()

Group Initial Curvature (:SD)’
VDW.Rotate 34,28 6.45
K3XF 3376 6.45
Hyflex EDM 31,9 5,86
P value 0,627

One-way ANOVA

The statistical analysis of the mean (+SD) canal
transportation and centering ability values in mm
and canal transportation tendencies according to

groups were shown in Table 2.

Table2 . The statistical analysis of the mean (+SD) canal transportation and centering ability values in mm and canal

transportation tendencies according to groups.

Group Canal Pvalue Centering Pvalue Canal transportation

Transportation (+SD) Ratio (+SD) tendency (%)
Mesial Distal

2mm from the 0,378 0,108

apex

VDW Rotate 0,14 (x0,24) 0,51 (x0,21) 60 40

K3XF 0,06 (0,05 0,63 (+0,30) 70 30

Hyflex EDM 0,06 (x0,08) 0,73 (x0,17) 70 30

5 mm from 0,691 0,722

the apex

VDW.Rotate 0,07 (+0,06) 0,89 (x0,40) 40 60

K3XF 0,05 (+0,03) 0,72 (+0,14) 10 Q0

Hyflex EDM 0,06 (+x0,04) 0,74 (+0,21) 50 50

8mm from the 0,55 0,130

apex

VDW.Rotate 0,79 (x0,03) 0,73 (x0,18) 50 50

K3XF 0,11 (x0,07) 0,58 (x0,22) 40 60

Hyflex EDM 0,10 (+0,06) 0,58 (x0,21) 40 60

According to the results, there were no statistical
differences at any level on canal transportation
according to groups. However, at the apical portion
of the root canals (2 mm from the apex all systems
showed a tendency to transport the canal mesial
side with the percentage of 60%,70% and 70%
respectively. At midroot level (5 mm from the apex,
set as the curvature degree) VDW.Rotate and K3XF

showed a tendency to transport the canals to distal

side 60% and Q0% respectively, although Hyflex
EDM showed equal tendency to both side (50%). At
the coronal part of the root canals ( 8mm from the
apex), although VDW Rotate showed an equal
tendency of canal transportation to both side (50%),
K3XF and Hyflex EDM showed a tendency to
transport the root canals towards the distal side 60%

and 60% respectively.
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3.2. Discussion

One of the most important goals of root canal
shaping is to ensure that the root canal takes a
conical shape from the apical to the coronal and
preserve the original canal tract of the root canal (15).
Root canal transport, according to the definition of
the American Society of Endodontics, is defined as
‘the removal of more material from the outer wall of
the tooth by the file, which tends to flatten in the
apical third of the curvature canals” (16). Once root
canal transport has occurred in a curved canal, it is
impossible to reverse it (17). Evaluation of root canal
transportation and centering ratio are effective
methods to analyze the preparation quality of root
canals prepared with different techniques and
instruments (18). In this study, we preferred severe
curved mesio-buccal (MB) root canals of extracted
mandibular molars because the frequency of root
canal transportation and perforation is higher in this
type of canals (15). In this study, we aimed to evaluate
the canal transportation of 3 different brands (Hyflex
EDM, K3FX, VDW.Rotate) made of different NiTi

materials in extracted teeth via CBCT.

Although CBCT has its limitations when evaluating
apical transport, it is not invasive among the currently
available techniques, allowing imaging before and
after instrumentation, being cross-sectional, and
having high accuracy and resolution of its 3D image

makes CBCT useful in these studies (19,20).

In the canal transportation part of their study that
they made with CBCT Prasanthi at all., they found that
K3FX performed statistically significantly less canal
transpostation than ProTaper Universal (21). The
researchers attributed this to the Proteaper
Universal's triangular cross-section, the taper varying
with the length of the cutting section and positive

rake angle without radial lands (22).

In the literature, no canal transportation studies have
been found with VDW.Rotate before. In the study of
Pit et al. in 2020, they reported that VDW .Rotate and
TruNatomy created the least increased root canal

area in a similar way, while Reciproc Blue and

ProTaper Gold systems created more increased root
canal area (22). The other two studies in the literature
related to VDW.Rotate were related to cyclic fatique
resistance. According to literature, VDW.Rotate is
more resistant to TruNatomy, while Reciproc Blue is
more resistant than VDW.Rotate in both rotation and

reciprocating motion (23,24).

The Hyflex EDM system was found to be better than
the other systems via cyclic fatique resistance (25). In
previous studies, it has been reported that Hyflex
EDM preserves the original canal shape of the root
canal and does not cause significant defects in the
root canal (11). These findings are also consistent with
our study. In the study made by Razcha et al, the
canal transportation rate of Hyflex EDM was higher
than the TruNatomy system and less than the
ProTaper Gold system (11). In our study the canal
transportation of Hyflex EDM is not statistically
significant different than VDW.Rotate and K3XF.

4. CONCLUSION

In conclusion, all systems produced similar canal
transports in the mandibular molar canals and all
amount of canal transportations are within clinically
acceptable limits. All systems used in this study can
be used safely in the clinic and any errors that may

occur are clinically acceptable.
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