Micro-computed tomography assessment of dentinal microcracks after
the preparation of curved root canals with rotary and reciprocal systems
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Abstract

Background. Root canal preparation with nickel-titanium (NiTi) instruments may lead to the formation
of microcracks in the root canal wall. Vertical root fractures may initiate from dentinal cracks, and eventually
necessitate tooth extraction.

Objectives. This study aimed to assess the effect of the instrumentation of curved root canals of mandibu-
lar molars with the 2Shape (25) sequential rotary, EdgeFile® X1 (EFX1) reciprocating and NeoNiTi (NN)
rotational single-file systems on the formation of dentinal microcracks with the use of micro-computed
tomography (micro-CT).

Material and methods. Thirty curved mandibular molar root canals were instrumented with the 25,
EFX1 and NN systems (10 in each group). The teeth underwent micro-CT before and after instrumentation.
Next, the pre-instrumentation and post-instrumentation cross-sectional images were evaluated and com-
pared for the detection of dentinal microcracks. The number of microcracks in each group was calculated
and reported as percentage. The data was analyzed using the McNemar’s test with the BM SPSS Statistics
for Windows software, v. 25.0 (a = 0.05).

Results. Out of the 29,280 cross-sectional images evaluated in this study, 11.5% showed dentinal micro-
cracks (n = 3,362). On the post-instrumentation images, the frequency percentage of microcracks was
12.0% (n = 585) in the 25 group, 8.8% (n = 402) in the EFXT group and 13.3% (7 = 694) in the NN
group. All of the microcracks detected on the post-instrumentation images were also present on the pre-
instrumentation images and no new microcracks were formed after root canal instrumentation with the
aforementioned systems.

Conclusions. Root canal instrumentation with the 25, EFXT and NN systems did not result in the forma-
tion of new dentinal microcracks.

Keywords: root canal preparation, microcracks, dentinal defect, micro-computed tomography, curved
root canal
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Introduction

The main goal of the chemomechanical preparation
of the root canal system is to eliminate microorganisms,
pulpal tissue and debris, and to shape the root canal in
order to create adequate space for the root filling material.!
Nickel-titanium (NiTi) rotary systems with improved
properties are produced by several manufacturers
to achieve these goals. NiTi systems have numerous
advantages over stainless-steel hand files, such as a higher
flexibility and a shorter working time. However, root ca-
nal preparation with these instruments may lead to the
formation of microcracks in the root canal wall.>* Micro-
cracks may occur as a result of the distribution of lateral
forces in root canal walls and root surface strain. They
appear more frequently when high-taper instruments are
used or in teeth with curved roots, as the part of the ca-
nal with the maximum curvature accumulates the maxi-
mum stress.* The importance of this topic consists in the
fact that vertical root fractures may initiate from dentinal
cracks, and eventually necessitate tooth extraction.’

2Shape (2S; Micro-Mega, Besangon, France) instru-
ments with sequential rotary systems are manufactured
by means of specific heat treatment (T-Wire), which is
believed to provide higher flexibility and cyclic fatigue re-
sistance, and preserve the elasticity of NiTi files.®

EdgeFile® X1 (EFX1; EdgeEndo, Albuquerque, USA) is
a reciprocating system manufactured from the annealed
heat-treated NiTi alloy, commercially known as Fire-
Wire™. Its manufacturer claims that it has a high torque
strength, optimal flexibility and an increased cyclic fa-
tigue resistance.”

NeoNiTi (NN; Neolix, Chéatres-la-Forét, France) is
a single-file system with a full-rotational motion that benefits
from the electric discharge machining (EDM) techno-
logy. Its manufacturer claims that it has optimal flexibility,
a high fracture resistance, and a favorable shaping ability
due to its unique properties, rectangular cross-section,
efficient cutting blades, and built-in abrasive surface.®

Micro-computed tomography (micro-CT) is an imag-
ing modality suggested for the assessment of dentin and
its changes without damaging the tooth structure. Due to
its high accuracy, it is commonly used for the assessment
of dentinal microcrack formation following root canal in-
strumentation. 2310

This study aimed to assess the formation of new dentinal
microcracks following the instrumentation of curved root
canals of mandibular molars with the 2S, EFX1 and NN
systems by using micro-CT.

Material and methods

The study protocol was approved by the Research Ethics
Committee of Shahid Beheshti University of Medical
Sciences, Tehran, Iran (IR.SBMU.DRC.REC.1399.036).
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Sample size calculation

The sample size was calculated to be 10 in each group
(to assess the effect of instruments on dentin), assum-
ing the effect size of 7.6 for the microcracks reported
after root canal instrumentation in previous studies,!""!?
a = 0.05, p = 0.95, and a study power of 90%, using the
PASS 15 software (NCSS, Kaysville, USA).

Sample selection

A total of 250 mandibular first and second molars were
evaluated for inclusion in this study. All roots were in-
spected under a stereomicroscope at x12 magnification.
Teeth with immature apices and external dentinal
defects were excluded. Next, the teeth underwent high-
resolution cone-beam computed tomography (CBCT)
with the use of a NewTom® VGi scanner (NewTom,
Imola, Italy) with the exposure parameters of 110 kVp,
9.5 mA, a voxel size of 0.1 mm, and a field of view (FoV)
of 6 x 6 cm. The NNT® viewer, v. 8.0 (NewTom) was
used to assess different sections in order to classify
the root canal system and root canal curvature. Root
canal curvature was measured according to Schneider’s
method.!® In this method, the degree of root canal
curvature is determined by measuring the angle formed
between the longitudinal axis of the root canal and a line
drawn from the initiation point of curvature to the api-
cal foramen. Molar teeth with a Vertucci type IV mesial
root, a mesiobuccal root canal curvature of 20—40° on
sagittal and/or coronal sections, no calcification, no
internal or external root resorption, and no history
of previous endodontic treatment were enrolled. The
mesiobuccal canals of the mesial roots of 30 mandibular
molars that met the eligibility criteria were selected.'
All teeth were stored in a 0.1% thymol solution during
the course of the study.

The crowns and distal roots of all teeth were cut with
alow-speed saw (IsoMet™ 4000; Buehler Ltd., Lake Bluff,
USA) under water cooling, and all remaining roots were
standardized to have a length of 12 +1 mm from the apex.

To simulate the periodontal ligament, the root surfaces
were wrapped with 1 layer of aluminum foil and mount-
ed in tubes filled with an acrylic resin (Kulzer, Hanau,
Germany). After setting, the aluminum foil wrap was re-
moved from the root surfaces and the created space was
filled with a silicon impression material (GC Corporation,
Tokyo, Japan). The roots were immediately placed back in
the block.12

Each root was randomly assigned to one of the 3 groups
of 2S, EFX1 or NN (# = 10) for root canal instrumenta-
tion. All roots underwent micro-CT (LOTUS-inVivo;
Behin Negareh Co., Tehran, Iran) prior to instrumentation!®
and 400—500 micro-CT transverse cross-sectional images
were obtained for each root. The exposure parameters in-
cluded an isotropic resolution of 31 pm, a voltage of 99 kV,
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an amperage of 88 pA, and a frame exposure time of 2 s,
with an aluminum filter with a thickness of 0.5 mm, a ro-
tation of 360° and a rotation step of 0.3°.

Root canal preparation

The working length was determined by introducing
a size 10 K-file (Mani Inc., Utsunomiya, Japan) into the
root canal until its tip was visible at the apical foramen;
1 mm was subtracted from this length to determine the
working length. Next, a glide path was created using a size
15 K-file (Mani Inc.). Instrumentation was performed by
the same operator in all groups.

Each file was used for the instrumentation of 2 canals,
using an endomotor (Silver; VDW, Munich, Germany)
with the speed and torque set as recommended by the
manufacturer.

In the 2S group, TS1 (25, 04) and TS2 (25, 06) files
were sequentially introduced into the canal with a torque
of 1.5 N-cm and a speed of 300 rpm with a pecking mo-
tion, and proceeded with an up-and-down motion until
the file reached the working length.

In the EFX1 group, the EdgeFile X1 instrument (25, 06)
was used with a reciprocating motion at the WaveOne
setting until it reached the working length.

In the NN group, the NeoNiTi Al instrument (25, 06)
with a torque of 1.5 N-cm and a speed of 300 rpm was
used with a circumferential brushing motion until reach-
ing the working length.

In all systems, after 3 pecking motions, the file was re-
moved from the canal and its flutes were cleaned with
gauze. Next, the root canal was rinsed with 2 mL of 2.5%
sodium hypochlorite.? After root canal instrumentation,
the root canals underwent micro-CT again with the same
exposure parameters as those used for pre-instrumenta-
tion scanning.

Assessment of dentinal microcracks

The reconstructed micro-CT images were transferred
to a data viewer (RadiAnt DICOM Viewer 2020.2). The
pre- and post-instrumentation micro-CT cross-sectional
images (N = 29,280) were simultaneously evaluated.

Two blinded observers (endodontists) with 4 years
of clinical experience evaluated all sections twice at
a 2-week interval (to assess intra-observer agreement)
and recorded the microcracks. A microcrack was
defined as any incomplete crack line initiating from the
canal wall and extending into the dentin structure, but
not reaching the external surface of the root. A complete
crack was defined as a crack line initiating from the root
canal wall and extending to the external surface of the
root. A craze line was defined as any other line that did
not reach the root surface or extended from the external
surface of the root into the dentin, but did not reach the
root canal wall.! In case of any disagreement between
the observers, the images were inspected again until
consensus was reached.

Statistical analysis

Cohen’s kappa coefficient (k) was calculated to assess in-
ter- and intra-observer reliability. The number of dentinal
cracks before and after instrumentation in each group
was compared by means of McNemar’s test using the IBM
SPSS Statistics for Windows software , v. 25.0 (IBM Corp.,
Armonk, USA), at a level of significance of 0.05.

Results

The kappa coefficient was calculated to be 0.86, which
indicated very good inter-observer agreement (reliabi-
lity). The kappa coefficient for intra-observer agreement
(reliability) was found to be 1 for both observers, indicat-
ing complete agreement.

Out of the 29,280 cross-sectional images evalu-
ated in this study, 11.5% showed dentinal microcracks
(n = 3,362). On the post-instrumentation images, the fre-
quency percentage of microcracks was 12.0% (n = 585) in
the 2S group, 8.8% (1 = 402) in the EFX1 group and 13.3%
(n = 694) in the NN group. All the microcracks detected
on the post-instrumentation images were also present
on the pre-instrumentation images and no new micro-
cracks were formed after root canal instrumentation
with the aforementioned systems (p = 1.00) (Table 1).

Table 1. Dentinal microcracks on the cross-sectional images of the roots before and after instrumentation

Scanning

time
presence of | absence of total presence of
microcracks | microcracks microcracks

Before 585 4,295 4,880 402
instrumentation (12.0) (88.0) (100) (8.8)
After 585 4,295 4,880 402
instrumentation (12.0) (88.0) (100) (8.8)
Total 1,170 8,590 9,760 804

(12.0) (88.0) (100) (8.8)

Dentinal microcracks

EFX1 \

N
absence of total presence of | absence of
microcracks microcracks | microcracks

4,149 4,551 694 4,515 5,209
(91.2) (100) (133) (86.7) (100)
4,149 4,551 694 4,515 5,209
(91.2) (100) (13.3) (86.7) (100)
8,298 9,102 1,388 9,030 10418
(91.2) (100) (133) (86.7) (100)

Data presented as number (percentage) (n (%)). 2S — 2Shape; EFX1 — EdgeFile X1; NN — NeoNiTi.
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Figures 1-4 show the cross-sectional images of the
roots before and after instrumentation. Table 2 pre-
sents the total frequency percentage of microcracks on
the cross-sectional images of the roots in all groups.
Figure 5 shows the sequence of cross-sectional images
of the same mesial root, demonstrating the develop-
ment of microcracks.

after instrumentation

before instrumentation

Fig. 1. Representative cross-sectional images of the mesial roots of
mandibular molars showing the presence of cracks (arrows) before and
after the preparation of the mesiobuccal canals with the 2Shape (25),
EdgeFile X1 (EFX1) and NeoNiTi (NN) systems

Y. Shantiaee et al. Assessment of dentinal microcracks

before

Fig. 2. Representative cross-sectional images of the roots, showing
the absence of cracks before and after instrumentation

Table 2. Total frequency of microcracks on the cross-sectional images
of the roots in all 3 study groups

Before 1,681 12,959 14,640
instrumentation (11.5) (88.5) (100)
After 1,681 12,959 14,640
instrumentation (11.5) (88.5) (100)
Total 3,362 25918 29,280
(11.5) (88.5) (100)

Data presented as n (%).

Discussion

Mandibular molars have shown a mean root canal
curvature >20° in morphological studies.'®!” However,
many studies on dentinal microcracks in mandibular
molars have evaluated teeth with a mesial root curvature
of 10-20°.21%18 Thus, mandibular molars with a mesial
root curvature >20° were used in this study.

This study evaluated the effects of the sequential ro-
tary (2S), reciprocating (EFX1) and single-file rotational
(NN) systems on microcrack formation in the curved root
canals of mandibular molars. Although dentinal micro-
cracks were observed in all 3 groups after root canal
instrumentation, these microcracks were present on the
micro-CT images obtained before root canal instrumen-
tation as well. Thus, no new microcracks were formed
after root canal instrumentation with the 2S, EFX1 and
NN systems. This finding is in agreement with the results
of the majority of previous studies that used micro-CT
for the assessment of microcrack formation after root
canal instrumentation.”!%1219-25 A study conducted in
2014 used micro-CT for the first time and showed no
cause-and-effect relationship between dentinal micro-
crack formation and root canal instrumentation.!® After
that, many micro-CT studies confirmed this finding. In
their study on human cadavers, De-Deus et al. evaluated
19,060 cross-sectional micro-CT images of maxillary first
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before instrumentation after instrumentation before instrumentation after instrumentation

Fig. 3. Representative cross-sectional images of the mesial roots of mandibular molars, showing the presence of cracks (arrows) before and after the
preparation of the mesiobuccal canals
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before instrumentation after instrumentation

Fig. 4. Representative cross-sectional images of the roots, showing
the absence of cracks before and after instrumentation

Y. Shantiaee et al. Assessment of dentinal microcracks

and second premolars and observed that root canal pre-
paration with rotary and Reciproc files did not cause new
dentinal microcracks.?! In another study, De-Deus et al.
evaluated the effects of the ProTaper Next and Twisted
File Adaptive systems on dentinal microcrack formation
with the use of micro-CT.? They evaluated 25,820 cross-
sectional images of the mesial roots of mandibular mo-
lars before and after instrumentation and found no new
microcracks after instrumentation.’ Another recent study
compared root canal preparation with the ProTaper Next,
ProTaper Gold and WaveOne Gold systems with regard
to the formation of dentinal microcracks in mandibular
molars with a root curvature >20°.!2 All the microcracks
detected after instrumentation on micro-CT images were
present on the pre-instrumentation images as well, and
no new microcracks were observed.!? An in vivo study on
intact premolars scheduled for extraction as part of orth-
odontic treatment evaluated with micro-CT the effects
of manual instrumentation and rotary instrumentation
with ProTaper files.?? They found no new dentinal micro-
cracks after root canal instrumentation.??

On the contrary, some micro-CT studies have reported
the formation of new microcracks after root canal prepa-
ration.>>1826 Ceyhanli et al. showed an increase in the
number of dentinal microcracks after the preparation
of the mesial roots of mandibular molars with all 3 systems
of ProTaper Universal, RaCe and SafeSider, using micro-
CT.2 They reported the maximum number of microcracks
in the ProTaper Universal group.? Also, Li et al. demon-
strated an increase in the length of microcracks present
in the mesial roots of mandibular first molars with a cur-
vature of 10-20° after root canal instrumentation.'® They
used single-file systems and showed that the change in
microcrack length in the OneShape group was greater than
that in the WaveOne and Reciproc systems.!® Bayram et al.
determined that root canal instrumentation with ProTaper
Universal significantly increased the formation of new
dentinal microcracks.? Jamleh et al. reported that both the
WaveOne reciprocating and ProTaper Universal rotary sys-
tems resulted in the formation of new microcracks.?

Controversy in the results may be related to differ-
ences in the methodologies and quality of tools used.
For instance, in the study by Ceyhanli et al.,? the reason
for the increase in the number of microcracks might be
the fact that only 10 root sections were evaluated (<1.5%
of all the obtained images); this may have led to false
positive results due to the presence of noise or artifacts.?”
Jamleh et al. required dry and dehydrated surfaces to mea-
sure root surface strain as well as for the application of the
staining technique,?® which increased the risk of forma-
tion of defects and dentinal microcracks.®® Another in-
fluential factor in microcrack formation is the working
length of the root canal. A recently published systematic
review indicated that in all root canal preparation tech-
niques, a proper working length (1 mm short of the apex)
is required to prevent microcrack formation.?® This was
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Fig. 5. Sequence of cross-sectional images of the same
mesial root of a mandibular molar, demonstrating that
the development of microcracks (yellow arrows) can be
evaluated throughout the longitudinal axis of the root,
confirming the identification of true dentinal defects and
artifacts
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not the case in the studies by Li et al.!® and Bayram et al.,?
and might be the possible reason for the development
of dentinal microcracks in their studies.

Studies that used the sectioning technique for the as-
sessment of dentinal microcracks have reported contro-
versial results. The majority of such studies have reported
the formation of dentinal microcracks following the use
of different instrumentation techniques.**> However,
there is no consensus among such studies, and the preva-
lence of microcrack formation following the use of differ-
ent instrumentation techniques ranges from 0% to 80%.*
According to Versiani et al,, such a wide range of varia-
tion in the prevalence of microcracks may be attributed
to the use of different systems and root canal preparation
protocols, methods of observation of dentinal defects
(with or without a dye), root canal anatomy, the irriga-
tion protocol, and the type of classification used for de-
fects.* In sectioning studies, 3—4 sections of the root are
often evaluated, made at 1, 3, 7, and 9 mm, or 2, 4, 6, and
8 mm from the apex. This is among the most important
drawbacks of the sectioning technique, as the assess-
ment of such a limited number of slices increases the risk
of missing a high number of defects along the root canal
wall. However, with micro-CT, hundreds of slices of each
root can be evaluated. Moreover, micro-CT has a much
higher resolution than stereomicroscopy.® Another im-
portant drawback is the destructive nature of the section-
ing method. Stringheta et al. compared the sectioning and
micro-CT methods for the detection of dentinal micro-
cracks after root canal instrumentation.?” They inspected
the micro-CT scans before sectioning and noticed that
the sectioning method was destructive, and resulted in
the formation of new dentinal defects.?® For this reason,
the majority of studies that used the sectioning technique
have reported new dentinal crack formation after the in-
strumentation process.?® The advantages of micro-CT
include its non-destructive nature, its ability to exactly lo-
cate dentinal cracks in the root and its three-dimensional
(3D) assessment. This allows the evaluation of hundreds
of cross-sectional images of the entire root length and the
detection of microcracks already present in the root ca-
nal walls prior to instrumentation or at different stages
of endodontic treatment.>?*

The kinematics of the instrument motion and its effect
on the formation of dentinal microcracks is another topic
of interest that has been addressed in previous studies.
A meta-analysis that mainly focused on sectioning stu-
dies reported that a reciprocating motion produced a sig-
nificantly smaller number of dentinal cracks as compared
to a rotational motion.3® However, 2 recently published
systematic reviews on micro-CT studies found no corre-
lation between instrumentation kinematics and the for-
mation of dentinal microcracks,?*?* which confirms the
findings of the present study regarding no correlation be-
tween the type of instrument motion and dentinal micro-
crack formation.

Y. Shantiaee et al. Assessment of dentinal microcracks

Conclusions

According to the results of this in vitro study, the in-
strumentation of curved root canals with the 2S, EFX1
and NN systems does not result in the formation of new
dentinal microcracks.
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