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No instrument failures were observed. The preparation time was significantly longer when preparing
by hand (16.64 min) than for both automatic systems, which did not differ significantly. Loss of working
length could be detected for all systems (0.3—0.4mm for Mtwo instruments and 1.3mm for Mity K—Files),
in which differences between the systems were not statistically, but possibly clinically, significant.

Irrespective of the torque-controlled motor, the shape of the canal anatomy was not retained with the
Mtwo instruments nor with the Mity K-Files by hand preparation. The Mtwo files in combination with the
automatic preparation of root canals with both systems caused an audible material loss in comparison
to the Mity K-File. This was especially evident when comparing the material removal on the inner side and
outside of the root canal curvature.

Within the limitations of this study, the results indicate that the torque-limited rotation handpiece
Mtwo direct can be seen as an alternative to the electric low-torque control motor and is superior to hand
preparation due to shorter preparation times and lower working length losses.

Introduction specially adapted for Mtwo instruments (VDW) and are marked
on this handpiece for every Mtwo instrument [4].

Giraki et al. [1], examined the Mtwo direct cordless
endodontic handpiece (Sirona Dental Systems, Bensheim,
Germany) in combination with Mity Roto 360° NiTi files
(Loser, Leverkusen, Germany) and compared it with the same
files in combination with a conventional endo motor (Endo IT
professional device, VDW, Munich, Germany), as well as with
Mity K-Files (Loser, Leverkusen, Germany) used in the hand
preparation technique. The Endo IT motor is a low-torque
control motor with individually adjusted torque limits for each
instrument [2,3]. Mtwo direct, on the other hand, is an air-
driven torquelimited rotation handpiece. Its torque settings are

In summary, the two automatic systems did not differ
significantly, but due to the long working length losses,
neither the Mtwo direct handpiece nor the Endo IT professional
motor could be recommended in combination with Mity Roto
360° files when an apical-coronal preparation method is
used in severely curved root canals [1]. These results could be
partially explained by some characteristics of the design of the
Mity Roto 360° files, e.g., its rounded tip and its radial lands,
which may have been disadvantageous in combination with an
apical-coronal preparation technique [1] due to its low cutting

efficiency [5].
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Therefore, the aim of this in vitro study was to describe the
shaping ability of another rotary NiTi instrument (Mtwo, VDW,
Munich, Germany) with beneficial properties in combination
with the same endodontic devices (Mtwo direct and Endo IT
professional) used in the study of Giraki et al. [1]. A further aim
was to compare them again with nickel-titanium files (Mity
K-Files) in combination with preparation by hand in severely
curved simulated root canals.

The parameters studied were the same; that is, frequency
of instrument failure, preparation time, loss of working
length, loss of weight, elbow-zip effects, and changes in root
canal anatomy were assessed. For reasons of standardisation
and comparability with Giraki et al. [1], the preparation was
performed on curved root canal equivalents in transparent
plastic blocks made of acrylic (VDW, Munich, Germany).

Our first hypothesis was that there would be a difference
between the two torque-controlled devices in terms of
frequency of instrument failure, preparation time, loss of
working length, loss of weight, elbowzip effects, and changes
in root canal anatomy.

Our second hypothesis was that there would be no difference
between the endodontic handpiece and the preparation by
hand with K-Files in terms of frequency of instrument failure,
preparation time, loss of working length, loss of weight,
elbow-zip effects, and changes in root canal anatomy.

Materials and Methods

The materials and methods were similar to already
published data [1] regarding sample preparation, instrument
failure, preparation time, measuring the differences in working
length, measuring the loss of weight, elbow-zip effects, and
canal anatomy.

Due to the fact that in the current study for automatic
preparation we used Mtwo NiTi instruments instead of Mity
Roto 360° instruments, there were some differences concerning
the root canal preparation, as described in the following section.

Root canal preparation

All canals were prepared by one person using an apical to
coronal preparation technique with NiTi files to an ISO size
of 40. The automatic preparation was done by two torque-
controlled endodontic devices (Mtwo direct handpiece
and Endo IT motor in combination with a contra-angle
E-Type handpiece 4:1) with a constant rotation speed of 280
rpm and Mtwo NiTi instruments. Torque values were set
manually depending on the files used, in accordance with the
manufacturers’ specifications. The mechanised preparation
was performed in a dynamic model. Instrument sequencing
was standardised for Mtwo NiTi files as follows: 10/.04, 15/05,
20/.06, 25/.06, 30/.05, 35/.04, and 40/.04. The preparation by
hand was done with Mity NiTi K-Files. Instrument sequencing
with Mity K-Files was 15/02, 20/02, 25/02, 30/02, 35/02, and
£40/02. The working length that was achieved was verified with
a Gutta-Percha of ISO size 40 (ROEKO, Langenau, Germany).

Before being used, all instruments were loaded using
FileCare® EDTA (VDW, Miinchen, Germany). After each
preparation step, each canal was rinsed with 2ml Aqua dest.
(Phonix GmbH, Sundern, Germany). Mity files were applied
a maximum of two times per canal. Room temperature was
constant at 21°C.

Statistical analysis

The study variables (frequency of instrument failure,
preparation time, loss of working length, loss of weight,
elbow-zip effect, changes in canal anatomy) were statistically
analysed using one-way analysis of variance (SPSS Statistics,
Version 2.0, IBM, Ehningen, Germany).

Significant differences were determined using the post hoc
Bonferroni test. Means and Standard Deviations (SD) were also
evaluated.

Results
Instrument failure rate
There were no instrument failures during preparation.

Preparation time, loss of working length, loss of weight,
and elbow-zip effect

Table 1 shows the results for the parameters of preparation
time, loss of working length, loss of weight, and elbow-zip
effect. Significant differences among the three groups exist only
for the parameter preparation time, which was significantly
longer for the preparation by hand [Control Group 2 (CG2)]
than for the automatic preparation [Study Group (SG) and
Control Group 1 (CG1)]. Although the loss of working length for
the Mity K-Files (CG2) on average seemed to be higher (1.3mm)
than for the Mtwo NiTi instruments (0.3-0.4mm, SG and CG1),
the differences between the three groups are not statistically
significant.

Canal anatomy

Table 2 and Figures 1-4 show the results of the comparison
of material removed from the inside and the outside of the root
canal curvature. The most important results are described as
follows.

Overall, both automatic systems showed a similar
inhomogeneous preparation pattern that differed from the

Table 1: Comparison of analyses results (mean values and standard deviations)
acquired in the study. The values with the same letters are statistically significant.

Study group |Control group 1| Control group 2

Criterion (MTwo NiTi/ | (MTwo NiTi/ | (Mity K-file/ hand-
MTwo direct) Endo IT) preparation)
Loss of working length (mm)  0.30£0.25 0.40+0.21 1.3040.85
Preparation time (min) 8.15+0.78* 7.57+2.32° 16.4612.742
Loss of weight (mg) 5.8310.71 6.3410.69 5.59+1.27
Elbow-zip effect (EZE)
: O:W';ZfésE 0.0£0.0 0.0£0.0 0.10£0.32

2 = strong EZE
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Table 2: Comparison of material removal from the inner side (in) and outside (out)
of the root canal curvature (mean values and standard deviations). The values with
the same letters are statistically significant.

. Study group | Control group 1 .
. Read s i Control 2 (Mit
Region eii:t‘g (MTwo NiTi/ (MTwo NiTi/ K- ﬂT:Il:a:t;?urZ a(ratli:n)
5 MTwo direct) Endo IT) i
1in 0.65+0.26 0.92+0.33° 0.45+0.282
. 1 out 4.02+0.86 4.4041.33 3.424£1.13
apical
2in 1.20+0.622 1.60+0.60° 0.45+0.36*°
2 out 3.80£0.80 4.1540.85 5.27+1.05
3in 4.2+0.98 5.17+1.132 2.85+0.682
3 out 2.0510.66 1.97+0.61 2.70%0.88
. 4in 5.62+0.812 6.70+1.07° 3.75+1.15*®
middle
4 out 0.95+0.48 1.32+0.50 1.20+1.22
5in 6.00+0.512 7.00+0.90° 4.37+0.94>"
5 out 0.72%0.21 1.17+0.582 0.25+0.26*
6in 3.20+0.682 3.62+0.69° 2.00+0.84%"
6 out 2.27+0.76 2.55+0.622 1.30+0.322
coronal )
7in 2.87+0.61 3.47+0.49 2.92+0.79
7 out 4.15+0.66 4.0740.81 3.70£0.94

preparation pattern of the Mity K-File in that a significantly
higher material removal was predominantly recorded in the
automatic systems compared to the manual system.

Outside curvature

Overall, for all systems, a larger change in canal anatomy
was observed in the apical region of the root canal than in the
middle area (Figures 2-4). The amount of material removal in
the apical part of the external curve did not differ significantly
within the systems (Table 2).

The lowest amount of material removal within all systems
was in the middle area of the outer curvature (Figures 2-4).
Significantly higher material removal is shown only for the
measuring point 5 of the Mtwo group with the Endo IT motor
(CG1: 1.17mm) compared to the Mity-K group (CG2: 0.25mm).

The coronal part of the external curve also showed higher
material removal for all groups compared to the mean part. The
material removal by CG1 (2.55mm) was significantly higher at
measuring point 6 compared to the CG2 (1.30mm).

Inside curvature

For the apical and middle channel section, it behaved almost
opposite on the inner curve to the outer curve: For all groups,
less material was removed from the apical region (SG: 0.65-
1.2mm; CG1: 0.92- 1.6mm; CG2: 0.45mm) than the middle (SG:
4.2—6mm; CG1: 5.17-7mm; CG2: 2.85-4.37mm) and coronal
areas (SG: 2.87-3.2mm; CG1: 3.47-3.62mm; CG2: 2—2.98mm)
of the root canals (Figures 2-4). However, this was equally
larger for both automatic systems (SG and CG1) than for the
manual system (CG2), especially at measuring point 2.

In contrast to the outer curve, the inner curve for all groups
(SG: 4.2—6mm; CG1: 5.17-7mm; CG2: 2.85-4.37mm) also
showed the strongest material removal in the middle section of

Root canal equivalents n=30 |

=

| Numbering and randomization of root canal equivalents |

=

| Distribution of root canal equivalents in n= 3x10 |

=

| Weighing and photographs of root canal equivalents (n=3x10) |

=

| Determination of working length with C-Pilot-File (ISO 10) |

4 U

—

| Study group ” Control group 1 ” Control group 2 |
MTwo with MTwo with Mity K-File with
MTwo direct Endo IT Preparation by hand

g U

Preparation technique:
Apical-coronal
Automatic
Endodontic handpiece

Preparation technique:
Apical-coronal
Automatic
Endodontic motor

Preparation technique:
Apical-coronal
Manual
Preparation by hand

4

Weighing and photographs of root canal equivalents
(n=3x10)

4

Determination of working length with gutta-percha ISO 40

4

Evaluation:

Assessment of photographs (canal anatomy, elbow-zip effect)
Determination of working length and loss of weight
Evaluation of preparation time
Documentation of instrument fractures

Figure 1: Flow chart of the study.

the canal with the strongest curvature (Figures 2—4). The root
canal preparation was significantly stronger for both automatic
systems in combination with the Mtwo instruments (SG and
CG1) than for the manual system (CG2) (Table 2). In the coronal
canal part, the changes in canal anatomy at the inner curvature
were comparable to those at the outer curvature. Once again,
both automatic systems removed significantly more material
at measuring point 6 than the Mity K-File in combination with
manual preparation (CG2).

Discussion
Instrument failure rate

As described in a previous study [1], complex reasons based

on a variety of factors such as the material [6] and design [7]

of the files used, the application or drive technology [2,8], the

dynamic or static testing conditions during preparation [9],

the environmental temperature [9] and user experience [2] are
associated with breakage of the NiTi instruments.

| os1 |

Citation: Giraki M, Harapetian E, Riittermann S, Gerhardt-Szep S (2019) Shaping ability of rotary instrumentation techniques and their limitations in simulated
root canals. J Dent Probl Solut 6(2): 049-055. DOI: https://dx.doi.org/10.17352/2394-8418.000073



™ PeertechzPublications Inc.

Mtwo instruments are characterised by an S-shaped
cross-sectional design and have two deeply pronounced,
sharp cutting edges that run almost vertically in long spirals.
Thus, these instruments are claimed to cut dentine effectively
and offer a large chip space for dentin transportation. In
addition, the cutting distance increases progressively from
the noncutting file tip to the shaft. This design is claimed to
have two functions: first, to eliminate threading and binding in
continuous rotation, and second, to reduce the transportation
of debris towards the apex [10,11]. The fact that none of the
Mtwo files fractured may be due to the increasing pitch length
from the tip to the shaft of these instruments [10]. As already
reported, a varying pitch length along the working part of the
instrument reduces the tendency of the file to screw-in [12]
minimising the risk of instrument fracture. Also, Biirklein's

Mtwo NiTi with Mtwo direct

Inner side Outer side

Reading point

-8 -6 -4 -2 0 2 4 6 8

Material removal (nm)

Figure 2: Graphic representation of material removal on the inner and outer root

canal curvature (in mm) for the MTwo NiTi with Mtwo direct.

Mtwo NiTi with Endo IT

Inner side Outer side

Reading point

Material removal (mm)

Figure 3: Graphic representation of the material removal on the inner and outer

root canal curvature (in mm) for MTwo NiTi with Endo IT.
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Figure 4: Graphic representation of the material removal on the inner and outer

root canal curvature (in mm) for the Mity-K-File with preparation by hand.

study [4] suggested that Mtwo instruments reduce fractures
by having a higher proportion of the cutting edges of the
instrument in contact with the canal wall at the same time
as other instruments. Moreover, Inan et al. [13] pointed out
that Mtwo rotary NiTi instruments have core width designed
for maximum flexibility and have minimal radial contact with
a non-cutting tip [13] which may lead to a reduced risk of
fracture. In summary, the fracture-resistance of the Mtwo files
could be confirmed by other authors in accordance with the
present study [14,15].

In contrast to the present study, in which the type of
electronic device for the Mtwo instruments had no effect on
the fracture behaviour, Biirklein's investigation revealed a
fracture of a Mtwo file with the torque-controlled contra-
angle handpiece Mtwo direct [4]. The fracture occurred with
the fourth use of a Mtwo file in size 10/.04. In the present
study, in contrast to Biirklein et al. [4], all files were used for
a maximum of two times, which probably minimised the risk
of fracture. The recommendation to carefully examine replace
used files regularly in order to keep the risk of fracture as low
as possible [10,11].

Preparation time

Engine-based root canal treatment is a valuable time
relief for patients and practitioners [16]. The mean time for
canal preparation was, therefore, recorded in this study and it
included instrument changes within the sequences, as in the
other studies described [1, 4].

Despite the increased number of instruments (seven
instruments) for both mechanical systems compared to
preparation by hand (six instruments), it was shown that
mechanical preparation, independent of the system, could be
completed significantly faster than preparation by hand. The
superiority of mechanical processing systems over preparation
by hand with respect to the factor time coincides with our
previous study [1] and also other studies [1,17,18].

| 052 |
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Biirklein [4] was able to demonstrate that preparing
simulated root canals with an Endo IT motor was significantly
faster than with a Mtwo direct contra-angle handpiece, but
used Mtwo files in the crowndown technique. It is possible
that an apical to coronal preparation technique, as used in
the present study, allows an additional time gain compared to
the crown-down technique, especially for use with the Mtwo
handpiece.

Loss of working length

The preparation of the complete working length is a key
prerequisite for the success of root canal treatments [19]. In
the present study, working length losses were between 0.3 and
0.4 mm on average for the automatic systems and 1.3 mm for
the preparation by hand. The differences between the three
systems were not significant. This is opposite to our previous
study where the Mity Roto 360° files in combination with the
same automatic devices and the same preparation technique
as used in the present study showed significantly higher
working length losses (2.44 mm and 2.81 mm on average)
[1]. Therefore, better results for Mtwo instruments may be
explained by characteristics of the MTwo files (see section
“instrument failure”). It can be concluded that using Mtwo
NiTi files with both automatic systems it was possible to
control the working distance well. The finding of small mean
changes in working distance agrees with other studies using
rotary NiTi instruments [20-22]. Clinical significance of small
changes of working length seems to be negligible, as already
described by Schafer et al. [10].

Loss of weight

The observed weight loss after preparation is a model for
examining the cutting performance and the removal of debris
from the file systems [23]. The cutting performance of the file
is good when the weight loss is high, and the working length
loss is simultaneously low [23]. In the present study, both
factors are applicable for Mtwo files, as well as for the Mity
K-File, which confirms the good cutting performance of all
systems used. The Mtwo files had numerically slightly higher
weight losses (5.83-6.34mg) with lower working length losses
(0.3-0.4mm); the Mity K-files had higher working length
losses (1.3mm) with lower weight losses (5.59mg). However,
the differences were not statistically significant, which
initially suggests a comparable cutting efficiency of the two
instruments. However, in the present study it was shown that
when using NiTi hand instruments (CG2) for the same result
compared to the rotating NiTi systems (SG and CG1), more
than twice the time was required (Table 1), which represents
a relevant disadvantage for their clinical use (see "preparation
time").

Elbow-zip effect

In this study, no elbow-zip effects occurred with the Mtwo
NiTi files in combination with the automatic preparation,
independent of the device used. A weak elbow-zip effect with
the Mity K-Files in combination with the preparation by hand
could be registered, but this difference was not statistically
significant within the three groups.

On the one hand, this could be due to the single length
preparation method recommended by the manufacturer for
Mtwo instruments, in which a canal is already instrumented
with the first instrument in its entire length and then always
prepared to working lengths with instruments of ascending
ISO sizes [10]. Another reason for the minimisation of elbow-
zip effects in simulation blocks for a root canal equivalent
could also be the S-shaped cross-section design of the Mtwo
files, which allows high flexibility and effective debris removal
with good canal centring by a non-cutting tip [10]. The cutting
tip of the Mity K-Files, however, may contribute to a stronger
"screw-in" effect in the outer canal wall [1], which may lead
to elbow-zip effects by a lower apical centration and a stronger
straightening of curved root canals.

Canal anatomy

Preserving the original root canal shape is one of the main
goals of root canal preparation. Considering the canal anatomy
factor, independent of preparation mode, material loss in the
present study was rather uneven over the entire canal length
with the Mtwo instruments, independent of the electronic
device used, as well as with the Mity K-Files. This uneven
preparation pattern partly leads to a displacement of the canal
axis (transportation). Possible causes for the extent of root
canal straightening are varying consistencies in combination
with different cutting efficiencies and specific instrument
cross-sections, as well as the different flexibilities of the
preparation instruments [14,23-27].

In the present study, for all three groups, significantly
higher material removal on the outside than the inner curvature
was evident in the apical area. This preparation pattern was
confirmed by other investigations using NiTi instruments,
especially Mtwo files, in which increased removal at the outer
curvature of the apical third was accompanied by little or no
removal at the inner curvature [27-29].

In the middle canal area with the strongest curvature,
the highest material removal was found against the inner
curvature; the Mtwo instruments showed significantly higher
values for material removal than the Mity K-Files. This
observation is consistent with other studies [14,23] and can be
partially explained by the high cutting efficiency of the Mtwo
instruments: Peters et al. [30], demonstrated that active cutting
systems resulted in slightly greater canal transportation than
file systems with a passive cutting process [30]. In addition,
there is the increasing conicity of the Mtwo instruments,
which probably led to higher material removal in the middle
and coronal part of the canal than was the case with the Mity
K-Files with a constant conicity of two percent.

Moreover, in the coronal area, changes in the canal anatomy
after preparation with the Mtwo files compared to the Mity
K-File were greatest in the area of the inner curve at measuring
point 6, independent of the electronic device. In accordance
with the present work, numerous studies have shown that
Mtwo instruments offer the greatest cutting efficiency within
different machine systems [14].
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Within the limitations of this study, the results indicate
that the torque-limited rotation handpiece Mtwo direct is safe
and suitable for preparing curved root canals with the Mtwo
instruments used in the singlelength technique. Thus, this
device can be seen as an alternative to an electric low-torque
control motor and superior to hand preparation due to shorter
preparation times and lower working length losses.

Review of the research hypotheses

The pre-formulated first research hypothesis was adopted
and the alternative hypothesis was rejected. These relate to
similar results concerning all parameters examined in the
present study for both electronic devices used. The second
research hypothesis was rejected and the alternative hypothesis
was adopted.

These relate primarily to the extended preparation time in
manual processing.
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