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ABSTRACT

INTRODUCTION: The use of motor-driven nickel-titanium (Ni-Ti) files in root canal prepa
lead to dentinal crack formation which greatly affects the endodontic treatment prognosis. Th
different heat treatments to enhance file flexibility, thus reduce stress concentration during root cana
AIM OF THE STUDY': To compare the incidence of dentinal defects produced by two motor-drive

using stereomicroscopic analysis.
MATERIALS AND METHODS: This study was conducted on
examined under a stereomicroscope to exclude any dentinal de
The root canals were randomly divided into three equal
rotation motion. Group Il: MPro files with continuous
canals (negative control). All roots were sectioned a
performed in all sections. Data were statistically ag

CONCLUSIONS: The new generations of heat-treatee
enhanced physical and mechanical properties.
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INTRODUCTION
Chemo-mechanical preparation of
crucial role in the success of endodo
mechanical shaping and the chemical
canal space are complementary ways t
the bacterial accumulations inside the root
The use of Ni-Ti rotary instruments in r@@t canal treatment
resulted in the reduction of procedu errors (ledging,
zipping, perforations) owing to their superelasticity, increased
cutting efficiency and faster mechanical preparation (4,5).
Despite their numerous advantages, Ni-Ti rotary instruments
might lead to post endodontic dentinal micro-crack formation
(6,7).

Dentinal defects and micro-cracks following root canal
treatment could progress into vertical fracture/crack of roots
under masticatory loads which is considered one of the major
frustrating complications of endodontic treatment that might
end up in tooth extraction (8).

t canal space has a
treatment. Both the
fection of the root
eliminate
ace (1,2,3).
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Several previous studies related dentinal damage in root canal
treated teeth to; instrument design, cross-section geometry, the
configuration of the file tip and kinematics of movement of
Ni-Ti instruments (6,8). Therefore, Ni-Ti files industry
undergoes daily development to overcome these drawbacks (5).
Manufacturers enhance mechanical properties by; subjecting
the alloy to different heat treatments, changes in cross-
sectional designs, mode of action, body tapers and
configuration of the file tip (9).

Hyflex EDM  (Coltene/Whaledent  AG,  Altstitten,
Switzerland) and MPro (Innovative Material and Devices, Inc.
Shanghai, China) rotary systems are examples of heat-treated
files that display a memorized alloy property. Hyflex EDM
file is a single file system used in continuous rotation; these
files are produced with the controlled memory alloy using
electrical discharge machining technology (2). MPro system is
used for shaping in continuous rotation; the manufacturer
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claims that the file is made of Xwire Ni-Ti material
(memorized material) (10).

These heat-treated rotary systems are expected to reduce
dentinal damage following root canal preparation through the
increased flexibility of these files thus, maintaining the
original anatomy of root canal space and subsequently a
reduction in stress concentration is anticipated (5).

Therefore, the null hypothesis of the present study was that
there would be no significant difference in dentinal micro-
crack formation among the three study groups.

MATERIALS AND METHODS

The study was approved by the ethical committee at the
faculty of dentistry, Alexandria University (IRBNO:
00010556-10RG0008839). This study was conducted on 30
mesio-buccal root canals of extracted human permanent
mandibular molars collected from the out-patient clinic of the
oral and maxillofacial surgery department, faculty of dentistry,
Alexandria University. Only mandibular molars with non-
fused roots and separate mesial canals (type IV Vertucci) with
moderate root curvature according to the long axis techpi
(11) were selected .

All teeth were decoronated and lengths of the re
were standardized to be 16 mm (12,13), Foll
roots resection and disposal. After that,
surfaces were examined under a stereomi
the possibility of any preexisting defe
cleaned and stored in distilled water until the t|
(Figure-1)

# size 10 K-file was introduced into the canals u
visible at the apical foramen to ensure apical patency t
mm was subtracted from this measurement to establish t
working length.
Roots were embedded
(Oranwash; Zhermack
mold (Acrostone; De
periodontal ligament (13,1
The specimens were rando
of 10 roots each according
preparation as follows; group
rotary files, group(ll) prepare
group(l1l) unprepared canals to
(Figure 2)

Manual glide path of the root canals
and #15 K-files followed by instru
with the assigned rotary files at
recommended by the manufacturer mo
motor (Dentsply Maillefer, Ballaigues,
gel was used as a chelating agent during strumentatlon
along with a 2.5% sodium hypochloritef¥frigating solution.
Each file was used for two canals only and then discarded (12,15).
In group (I); canals were prepared with Hyflex EDM single
file with a tip diameter size 25 and variable taper (0.08 at the
tip up to 0.04 in coronal part) in continuous rotation at
rotational speed 500 rpm and torque 2.5 N.cm. Each file was
introduced in an in and out pecking motion without pressure
and then the file was withdrawn in a brushing motion for
coronal flaring, while in group (I1); canals were prepared with
MPro files in continuous rotation. Three files were used
sequentially; one orifice opener file M18 (18/0.04) used in an

e astomerlc impression material
Italy) and acrylic resin
gypt) to simulate

established using #10

speed and torque
d on X Smart plus
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in and out pecking motion with brushing outstrokes to preflare
the canal and two shaping and finishing files M20 (20/0.04),
M25 (25/0.06) used to prepare the remaining part only in an in
and out pecking motion. MPro files were used at 450 rpm
rotational speed and recommended torque (3N.cm for M18;
1.5N.cm for both M20 and M25) (13,16).
After completion of instrumentation, prepared specimens were
irrigated with 3ml of 17% EDTA solution for 1min followed
by a final flush of 3ml 2.5% Sodium hypochlorite and dried
with paper points.
@ Served as a negative control without

Sectioning p
All roots were

sial root of 16 mm length, (b) mesial root
pression material and embedded in acrylic

(b)

Figure (3): showing sectioning of prepared root into three
sections using precision cutter device.
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Microscopic evaluation

Sections were then viewed under a stereomicroscope (B061;
Olympus, Tokyo, Japan). Images were captured with a camera
(E-330; Olympus, Tokyo, Japan) attached to the
stereomicroscope at 25x and 30x magnifications for
evaluation of dentinal defects (13).

To validate the dentinal defects evaluation, three blinded
independent examiners who had been previously calibrated
inspected the images. The calibration consisted of viewing
sessions of images with pre-defined cracks (17).

For intra and inter-examiner reliability; overall percent inter-
rater and the intra-rater agreement was calculated and was
found to be 98% (18). Then, three examiners were allowed to
inspect all specimens blindly and independently 2 times with 3
weeks apart.
Definition of dentinal defects
A crack is a defect originating only from the inner wall of root
canal space (complete crack/ incomplete crack). Complete
crack lines are those lines extending from the inner wall of
root canal space up to the outer surface of the root, whereas,
incomplete cracks are those lines extending from the ig
wall of root canal space into the dentin without reach
outer surface.
All other defects that were not originating from
wall were not considered cracks. A virtually
was classified as cracked if at least one g
showed a crack (13,19,20).
Statistical analysis of the data
The minimal sample size was calculated based O
aimed to compare the formation of micro-cracks aftt
preparation performed with different single-file systems
A sample size of 10 canals per group (number of groups =
(total sample size = anals) is the enough required sample
size (21) as statistical ificant with 80% power (B=20%)
and at a significance le g =0.05) (22).
Data were reviewed to ¢ ors during data entry.

embled root
ge sections

using count and percent. O
intra-rater agreement was

e significance level
ed by the use of IBN

with respect to different tooth le
was set at p<0.05. Data were ana
SPSS software (version 25.0) (18).

RESULTS
After examination of all mesial root se
groups under the stereomicroscope, it was found that; all
groups ( Hyflex EDM group, M Pro group; and control group)
showed no dentinal defects nor micro-cracks at level 3mm
(apical third), 6mm (middle third) and 9mm (coronal third)
(Figure_4). Thus, no statistical difference was detected among
all the three study groups regardless of the section level;
apical, middle or coronal as shown in (Table 1) and (Figure 5).
During the microscopic examination, it was found that some
sections at different levels showed dentinal defects which
actually did not extend from the inner canal wall, therefore,
these sections were considered crack-free. (Figure 4)

8 in the three
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Table 1: Distribution of dentinal defects in all groups at 3
mm, 6mm and 9 mm.

All groups FET
Dentinal defect Hyflex MPro Control P value
EDM (n=10) (n=10)
(n=10)
n (%)
At3 | Nocrack 10 (100%) | 10 (100%) | 10 (100%) N/A
mm Cracked 0 (0%) 0 (0%) 0 (0%)
At6 | No crack 10 (100%) | 10(100%) | 10 (100%) N/A
mm 0 (0%) 0 (0%) 0 (0%)
At9 10 (100%) | 10(100%) | 10 (100%) N/A
mm 0 (0%) 0 (0%) 0 (0%)

le “no statistics are computed because readings

Figure (4): (a)
showing no crac
Prepared sectiof

red section from Hyflex EDM group
tending from the inner canal wall, (b)
om MPro group showing no cracks
e inner canal wall, (c) Un prepared section
e control group devoid of dentinal defects,
ared section showing dentinal cracks that did not
inner canal wall.

100
90
80
70
60 = 3mm
50 o emm
40 = 9mm
30
20
10
o

Hyflex EDM Mpro Control

Figure (5): Graph showing Distribution of dentinal defects in
all groupsat3 mm,  6mmand 9 mm.

DISCUSSION

The present study investigated the effect of two rotary Ni-Ti
systems on dentinal micro-crack formation in mesio-buccal
root canals of extracted human permanent mandibular molars
with moderate curvature using sectioning technique and
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stereomicroscopic analysis. Although these systems have
different sequences (single files and multiple files) and
configuration designs, they have one property in common;
being made of memorized Ni-Ti alloys resulting from specific
heat treatments.

The external root surfaces were examined under a
stereomicroscope to exclude the possibility of preexisting
dentinal defects as it could lead to false results during
microscopic evaluation owing to the propagation of these
defects whether cracks or craze lines during the sectioning
procedure itself as described by Capar et al., (2019) (23). In
addition, roots were surrounded with elastomeric impression
material and embedded in acrylic resin mold to simulate the
periodontal ligament during root canal preparation as
explained by Ashwinkumar et al., (2014) (24) and Algarni et
al., (2019) (25).

In the present study, sodium hypochlorite 2.5% was used as in
previous studies (8,26) in an attempt to preserve dentin
mechanical properties. Moreover, each file was used in only
two canals and then discarded to decrease the possibility of
cutting efficiency reduction which might have an adve
impact on dentin, this was supported by Yum et al., (200

under a stereomicroscope (6,8). Roots w
sections to allow examination of crackgfe
the root; apical, middle and coronal at different
25x and 30x (13,28). In the current study, a stereo

ed by Ustun et
Also, this

technique does not allow co
images of the same root, t
might not be observed (23).
The negative  control

by controlling the chance of cracks deWelopment by sectionirig
procedure itself as reported by Shemeshiet al., (2009) (30) and
2 mesio-lingual canal
1e control group, so

lingual canal wall , the specimen was excl
to ensure that all cracks occurred during ApStrumentation and
were not from the sectioning procedure as explained by Cicek
etal., (2015) (31).

Upon examination of all captured images of the negative
control group, no dentinal defects were observed proving that
the sectioning method was a safe way for cutting the roots and
these results were in agreement with Hin et al., (2013) (32)
and Algarni et al., (2019) (25) who found no dentinal defects
in the negative control group. On the other hand, Barreto et
al., (2012) (33) and Bahrami et al., (2017) (17) found dentinal
defects in the negative control group and they attributed that to
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other factors such as forces during extraction, artifacts created
by storage condition, and the number of forces and the time of
function that these teeth were exposed to.

In present study, two different systems were used with
different sequences and configuration designs, where Hyflex
EDM is single file with variable taper and varying cross-
sections throughout the file shaft: quadratic in the apical third,
trapezoidal in the middle third, and almost triangular in the
coronal third (2), while, M Pro is full sequence system with
constant taper and convex triangular cross-section (10).
However, i ur test groups; no dentinal defects were
ding from the inner wall of the prepared mesio-
nd subsequently, upon comparing all groups, it
t there were no statistically significant

agreement with Aksoy et al., (2019)
2019) (35) and Radig et al., (2019)

d sequences of each
and Abd El Kader
19) (35). Moreover
incidence of cracks
0 the manufacturing
d memory alloy using
chining technology which increased the
efficiency (36). To the best of our
0 previous studies on dentinal defects
e use of MPro files. However, the

flexibility and ¢
knowledge, there
development afte

lons in the results among all researches with
methodologies could be attributed to qualitative

examiner reliability tests, and this could explain the
incompatibility of the results of the present study with other
studies used similar methodology (13).

It is also necessary to mention that, there were contradictory
results even with the usage of the most reliable tool for
dentinal defects detection which is Micro-CT. Micro-CT is a
noninvasive tool for micro-cracks detection as it allows
examination of hundreds of cross-sections for the same root
before and after instrumentation (37). However, there were
inconsistent findings either supporting the occurrence of
dentinal defects owing to mechanical preparation (34) or not
(37), and these differences in results might be related to the
use of different scanning, reconstruction parameters, different
cross-sectional images numbers, different resolution and
incorrect interpretation as described by Bayram et al., (2017) (37).
Other studies have been carried to investigate dentinal micro-
cracks using scanning electron microscopy (SEM) (24) and
cone-beam computed tomography (CBCT) (38) but
unfortunately, these methods were rendered un reliable tools
by Capar et al., (2019) (23) who found that SEM of all
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samples revealed an increase in detected micro-cracks,
whereas CBCT showed no dentinal micro-cracks in
comparison to micro-CT of the same samples.

CONCLUSION

Within the limitations of this study, it could be concluded that
the new generation of heat-treated files (Hyflex EDM and M
Pro) with higher flexibility and malleability properties could
yield root canal preparation with less dentinal defects.
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