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Abstract

Introduction: The objective of this study was to
compare the methods of micro–computed tomography
(micro-CT) and cross-sectioning followed by stereomi-
croscopy in assessing dentinal defects after instrumen-
tation with different mechanized systems. Methods:

Forty mesial roots of mandibular molars were scanned
and divided into 4 groups (n = 10): Group R, Reciproc;
Group PTN, ProTaper Next; Group WOG, WaveOne
Gold; Group PDL, ProDesign Logic. After instrumenta-
tion, the roots were once again submitted to a micro-
CT scan, and then sectioned at 3, 6, and 9 mm from
the apex, and assessed for the presence of complete
and incomplete dentinal defects under a stereomicro-
scope. The nonparametric Kruskal-Wallis, Friedman,
and Wilcoxon tests were used in the statistical analysis.
The study used a significance level of 5%. Results: The
total number of defects observed by cross-sectioning fol-
lowed by stereomicroscopy was significantly higher than
that observed bymicro-CT, in all of the experimental groups
(P# .05). All of the defects identified in the postoperative
period were already present in the corresponding preoper-
ative period. Therewas no significant difference among the
instrumentation systems as to the median numbers of de-
fects, for either cross-sectioning followed by stereomicro-
scopy or micro-CT, at all the root levels (P > .05). In the
micro-CT analysis, no significant difference was found be-
tween the median numbers of pre- and postinstrumenta-
tion defects, regardless of the instrumentation system
(P > .05). Conclusion: None of the evaluated instrumen-
tation systems led to the formation of new dentin defects.
All of the defects identified in the stereomicroscopic anal-
ysis were already present before instrumentation, or were
absent at both time points in the micro-CT analysis, indi-

cating that the formation of new defects resulted from the sectioning procedure performed
before stereomicroscopy and not from instrumentation. (J Endod 2017;43:2102–2107)
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Mechanized nickel-
titanium instrumen-

tation systems were incor-
porated into endodontic
treatments, adding bene-
fits such as simplification,
optimization, and preser-
vation of the original canal
shape (1, 2). Thus, systems
with different concepts were developed using instruments with different cross-sections
and kinematics, as well as improved metal alloys (M-Wire and ‘‘controlled memory’’),
to ensure greater resistance to fatigue and greater flexibility (3, 4).

Recent studies, however, have shown that mechanized endodontic instrumenta-
tion can potentially cause dentinal defects (5–7). A method frequently used for the
direct analysis of dentin defects after instrumentation is root cross-sectioning. However,
in addition to causing the specimen to become unusable after analysis, this method pro-
vides only a 2-dimensional view, which may compromise correct interpretation of the
results. Micro–computed tomography (micro-CT), on the other hand, is a noninvasive
method that allows assessing the specimen in 3 dimensions, with the additional advan-
tage of not rendering the specimen unusable, thus allowing it to be used in successive
analyses at the different treatment stages (8).

The objectives of this study were to compare the methods of micro-CT and root
cross-sectioning in evaluating complete (CDD) and incomplete dentin defects (IDD) after
endodontic instrumentation with the Reciproc, ProTaper Next, WaveOne Gold, and Pro-
Design Logic systems, and also to compare these systems with regard to the number of
dentin defects induced by their use. The null hypotheses tested were (1) that there is no
difference between the micro-CT and cross-sectioning methods in terms of their ability to
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Significance

Noneof theevaluatedmechanized instrumentation

systems led to the formationof newdentin defects.

All of the defects identified in the cross-sectional

analysis were already present before instrumenta-

tion, or were absent at both time points in the

micro-CT analysis.
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enable the observation of dentinal defects, (2) that there is no difference
between the instrumentation systems in terms of the number of induced
defects, and (3) that the use of the instrumentation systems tested does
not result in the formation of dentinal defects in mesial canals of mandib-
ular molars.

Materials and Methods
Selection of Teeth

This study was approved by the local Research Ethics Committee
(protocol no. 1.676.753). The specimens used were expressly donated
by the patients who were treated by one of the authors (C.P.S.) and who
were indicated for tooth extraction owing to advanced periodontal disease.
The teeth were placed in distilled water at the time of extraction and stored
in the institutional biorepository for a maximum period of 3 months.

Forty mesial roots of first and second mandibular molars were
used. The inclusion criteria were fully formed roots, roots with indepen-
dent foramina, curvatures between 10� and 30� (9), and an initial fo-
ramen diameter corresponding to a #15 K-type file (Dentsply Maillefer,
Ballaigues, Switzerland). The exclusion criteria were teeth with calcifi-
cations; dilacerations; pathologic internal, external, or apical root
resorption; internal or external perforations in the furcation region;
root caries; root cracks visible under a stereomicroscope at�8 magni-
fication; and previous endodontic treatment.

The sample size of 10 specimens per group provided a test power
of 80%, with a type I error probability of 0.05, for an effect size of 0.70,
as calculated by G * Power 3.1.9.2 software (Heinrich-Heine-Universit€at
in D€usseldorf, D€usseldorf, Germany).

After endodontic access, a #10 K-type file (Dentsply Maillefer) was
inserted into the mesiobuccal and mesiolingual canals until its tip was
visible at the apical foramen. A silicone stop was fitted at the tip of the
corresponding cusp to obtain the initial measurement of the specimen.
The occlusal surface was abraded with a double-sided diamond disc no.
7013 (KG Sorensen, Barueri, SP, Brazil), coupled to a straight handpiece
andmicromotor operated at low speed and under refrigeration, to estab-
lish a standard specimen length of 18mm. The working length for instru-
mentation was established 1 mm short of the apical foramen (10).

The distal root of the specimen was then sectioned under refriger-
ation with double-sided diamond disk no. 7020 (KG Sorensen) and then
discarded. The surface of the mesial root was scaled with periodontal cu-
rettes (SS White Artigos Dent�arios Ltda., Rio de Janeiro, RJ, Brazil), and
its surface was once again submitted to analysis under a stereomicro-
scope (Stemi 508; Carl Zeiss, Jena, Germany), at �8 magnification.
Specimens that showed evident fracture lines or cracks were excluded
from the sample. The specimens were then stored in a 0.1% thymol so-
lution for 24 hours for disinfection, and subsequently kept in distilled
water until the instrumentation procedures were initiated (6).

Acquisition of Preinstrumentation Micro-CT Images
Initial scanning of all the specimens was performed individually

with an X-ray microtomograph (SkyScan 1176; Bruker, Kontich,
Belgium) operating at 80 KV and 310 mA, and performed by 360� rota-
tion with a rotation step of 0.5�, to produce images with a voxel size of
17.42 mm. The selected filter was copper plus aluminum, and the
average time taken to complete the scanning process of each specimen
was 21 minutes and 41 seconds.

After image acquisition and projection in 2 dimensions, the cross-
sections were reconstructed with NRecon v.1.6.9 software (Bruker) us-
ing the modified Feldkamp cone-beam reconstruction algorithm, with
beam-hardening correction of 40% and ring artifact correction = 10,
resulting in 800 to 900 cross-sections per specimen (11).

Root Canal Preparation
Before chemomechanical preparation, the roots were coated with

hydrophilic vinyl polysiloxane impression material (Express XT, Neuss,
Germany), and embedded in acrylic resin to form a flask system simu-
lating the bone and periodontal ligament, leaving the most apical 2 mm
of the specimen exposed (12). Specimens were randomly assigned
(www.random.org) to 4 groups (n = 10), and the relative uniformity
of root angulation in the different specimen groups was confirmed by
the Kruskal-Wallis test (P = .0993). The canals were then instrumented
by the same experienced operator and the following experimental
groups were formed.

Group R. The R25 instrument (25/0.08) of the Reciproc system (VDW
GmbH, Munich, Germany) was used in reciprocating motion, according
to a sequence of 3 in-and-out movements with an average amplitude of
3 mm in the cervical, middle, and apical levels, until reaching the working
length.

Group PTN. The instruments of the ProTaper Next system (Dentsply
Maillefer) were used in rotary motion at 300 rpm and applying a torque
of 2 Ncm. The X1 instrument (17/0.04) was initially used for cervical
preparation, and then the X1 and X2 (25/0.06) instruments were
applied up to the working length using in-and-out movements.

Group WOG. The Primary instrument (25/0.07) of the WaveOne Gold
System (Dentsply Maillefer) was used in a manner similar to that
described for Group R.

Group PDL. The instruments of the ProDesign Logic system (Easy
Equipamentos Odontol�ogicos, Belo Horizonte, MG, Brazil) were used
in a rotary motion. The 25/0.01 instrument was used at 350 rpm and
1 Ncm torque, applying slow and gentle in-and-out movements until
achieving foraminal patency, and then the 25/0.06 instrument was
used until reaching the working length with in-and-out movements, at
950 rpm and 4 Ncm torque.

The X-Smart Plus motor (Dentsply Maillefer) was used in all sys-
tems. Both the speed (rpm) and torque (Ncm) settings, as well as the
kinematics applied to the instruments followed the recommendations of
the respective manufacturers. Each instrument was used in 4 canals
(13) and then discarded.

Patency was checked at each instrument change with a #10 K-type
file (Dentsply Maillefer). Irrigation was performed with 2.5% sodium
hypochlorite (NaOCl) at each instrument change or, in the case of
the reciprocating system, after every 3 movements of entry and exit. Irri-
gation was performed with a 10-mL disposable hypodermic syringe and
30-gauge needle (Ultradent, South Jordan, UT). After the chemome-
chanical preparation, the canals were irrigated with 5 mL of 17% ethyl-
enediaminetetraacetic acid (EDTA) for 1 minute, followed by a final
irrigation with 5 mL of 2.5% NaOCl, for a total 40 mL of NaOCl solution
per canal. Afterward, final aspiration was performed with a capillary tip
(Ultradent), followed by drying of the canals with absorbent paper
points (Dentsply Maillefer).

Evaluation of Pre- and Postinstrumentation Micro-CT
Images

After the specimen was removed from the experimental flask, a
new micro-CT scan and reconstruction of the tomographic image was
performed following the same protocol as that of the initial scan.

Pre- and postinstrumentation images were geometrically aligned
using the DataViewer program (version 1.5.1; Bruker). The cross-
sections of the recorded images were then visualized using CTAn
software (version 1.14.4; Bruker). The volume of interest of each
specimen extended from the furcation region to the apex of the mesial
root.
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Initially, the postinstrumentation image was analyzed, and the
number of the cross-section where a defect was visualized was re-
corded. Next, the preinstrumentation image of the corresponding
cross-section was examined to check whether the identified dentin
defect already existed before instrumentation.

A total of 800 to 900 cross-sections per specimen were obtained by
micro-CT. All the images were evaluated by 3 independent precalibrated
endodontic specialists, who were blinded to the study groups and who
determined the presence or absence of CDD and/or IDD throughout
the mesial root surface. Owing to the occurrence of a nonsymmetrical dis-
tribution of the data, the medians of the numbers of dentinal defects
observed by the 3 examiners were used in the analyses.

Evaluation of Postinstrumentation Images by
Cross-Sectioning Followed by Stereomicroscopy

After the micro-CT evaluation, the mesial roots were prepared for
cross-sectioning at 3, 6, and 9 mm from the root vertex (7, 14). The
cuts were made at low speed and under refrigeration with distilled
water, using a diamond wafering blade with a diameter of 102 mm,
thickness of 0.3 mm, and mandrel of 12.7 mm (Extec Corp, Enfield,
CT), coupled to an IsoMet 1000 precision cutter (Buehler, Lake Bluff, IL).

After obtaining the cross-sections, the root surfaces were stained with
2% methylene blue. Excess dye was removed after 30 seconds by washing
with distilled water, and the surfaces were dried with air spray (15, 16).

The slices were photographed with an AxioCam ERc 5s camera
(Carl Zeiss, Jena, Germany) coupled to a Stemi 508 stereomicroscope
(Carl Zeiss) under�12.5 magnification and at a focal distance of 10 cm
(13, 17). The images were transferred to a workstation, viewed using
Zen 2.3 lite software (Carl Zeiss) and saved in TIFF format.

The images were analyzed by 3 independent examiners in a
manner similar to that used for the micro-CT analysis (Fig. 1).

Identification of Dentinal Defects
The following classification was used to read the results (7, 18):

No defects: no visible line or crack on the root surfaces analyzed.
IDD: visible crack extending from the dentinal wall of the root
canal, but not reaching the external root surface.

CDD: visible crack extending from the dentinal wall of the root ca-
nal up to the external root surface.

In the micro-CT analysis, cracks were not considered true defects
(either CDD or IDD) when, before instrumentation, they started on the
external root surface and ended without reaching the canal lumen, but
did reach the canal lumen postoperatively only as a consequence of the
enlargement of the canal produced by the removal of dentin.

Statistical Analysis
The intraclass correlation coefficient (ICC) was used to assess inter-

examiner agreement. The Kruskal-Wallis nonparametric statistical tests
were used to compare instrumentation systems, the Friedman test, to
compare the root levels considered, and the Wilcoxon test, to compare
themethods of dentin defect assessment. SAS (Release 9.1, 2010; SAS Insti-
tute Inc, Cary, NC) and R Core Team (2015-https://www.R-project.org/)
software, together with the Bioestat 5.0 Statistical Program (Mamirau�a
Maintainable Development Institute, Bel�em, PA, Brazil, 2009) were used
to perform the analyses. The significance level adopted was 5% (P# .05).

Results
The ICC revealed an excellent agreement among the 3 examiners

regarding the numbers of dentin defects (ICC > 0.75). No significant
difference was found among the instrumentation systems with regard
to the median numbers of CDD and IDD, determined either by cross-
sectioning or by micro-CT (P > .05; Tables 1 and 2).

In the cross-sectioning analysis, no CDDwas observed after the use
of the PTN, WOG, and PDL systems at the 3-mm level, and CDD were
observed after the use of the PTN, WOG, PDL and R instrumentation sys-
tems at the 6- and 9-mm levels, with no significant difference in the me-
dian number of defects observed in each system (P > .05; Table 1). In
contrast, IDDs were observed after using each instrumentation systems
and at all root levels (P > .05; Table 2).

In the micro-CT analysis, no significant difference was found be-
tween the pre- and postinstrumentation median numbers of CDD and
IDD, regardless of the instrumentation system evaluated (P > .05).
All of the dentinal defects identified postoperatively were already present
in the corresponding preoperative period (Fig. 2).

Mesial root

MB and ML canals 

Micro-CT scan 

Pre-instrumentation

Simulation of bone and 

periodontal ligament

Chemomechanical

preparation

of MB and ML canals

Reciproc (n = 10)

ProTaper Next (n = 10)

WaveOne Gold (n = 10)

ProDesign Logic (n = 10)Micro-CT scan

Post-instrumentation

Cross-sectioning

and

Analysis under stereomicroscope

40 mandibular molars

Image analysis

(3 examiners)

Figure 1. Flow diagram of the experimental procedures performed in the study.
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The median numbers of IDD at 3, 6, and 9 mm from the apex
observed by cross-sectioning were higher than those observed by
micro-CT (P# .05; Table 2). The total median number of postinstru-
mentation CDD and IDD observed by cross-sectioning was significantly
higher than that observed by micro-CT, in all the experimental groups
(P# .05; Tables 1 and 2; Fig. 2).

Discussion
The first null hypothesis was rejected, because the micro-CT and

cross-sectioning methods were significantly different with regard to the
number of dentin defects observed; the second null hypothesis was
accepted, because there was no significant difference between the
instrumentation systems used with regard to the number of defects
observed; and the third null hypothesis was accepted, because all of
the dentin defects observed in the cross-sectioning analysis either
were already present preoperatively, or were absent in the 2 time points
of the micro-CT analysis, indicating that the formation of new defects
was a result of the sectioning procedure itself, and not of the mecha-
nized instrumentation.

As stated in our methodology, we considered an effect size greater
than or equal to 0.70 as important for this study. Although the differ-
ences found between the instrumentation systems were very small,
with very high corresponding P values, the differences between the
methods of micro-CT and cross-sectioning followed by stereomicro-
scopic visualization were greater and statistically significant, indicating
that the sample size used (n = 10) was sufficient. Using a larger sample
on account of this low effect size would have meant encountering statis-
tical significance for very small, and likely unimportant, differences, in
addition to requiring a greater number of specimens, with bioethical
implications for the study.

No studies were found in the related literature comparing the
micro-CT and cross-sectioning methods regarding the formation of
IDD and CDD. Although the cross-sectioning method revealed greater
total numbers of CDD and IDD than the micro-CT method, for all the
instrumentation systems (P# .05), the micro-CT assessment revealed
that there was no relationship between the different instrumentation sys-
tems and the formation of CDD or IDD, insofar as the pre- and postin-
strumentation defects were found to be the same. The fact that there was
no significant difference between the assessment methods only with

TABLE 1. Median Number (and Minimum and Maximum Numbers in Parentheses) of Complete Dentin Defects Observed in the Specimens According to Evaluation
Method, Instrumentation System, and Root Level

Method System

Root level

Total P3 mm 6 mm 9 mm

Cross-sectioning followed
by stereomicroscopy

Reciproc 0.00 (0.00–1.00) 0.00 (0.00–3.00) 1.00 (0.00–2.00) 1.50 (0.00–4.00) .2405
PTN 0.00 (0.00–0.00) 0.00 (0.00–3.00) 0.50 (0.00–3.00) 1.00 (0.00–6.00) .2405
WOG 0.00 (0.00–0.00) 0.00 (0.00–2.00) 0.50 (0.00–2.00) 1.00 (0.00–4.00) .2070
PDL 0.00 (0.00–0.00) 0.50 (0.00–2.00) 0.00 (0.00–3.00) 1.00 (0.00–4.00) .2176
P .3916 .8196 .9897 .9541

Micro-CT pre
instrumentation

Reciproc 0.00 (0.00–1.00) 0.00 (0.00–1.00) *0.00 (0.00–1.00) *0.00 (0.00–2.00) 1.000
PTN 0.00 (0.00–0.00) 0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
WOG 0.00 (0.00–0.00) 0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
PDL 0.00 (0.00–0.00) *0.00 (0.00–0.00) 0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
P .3916 .3916 .3916 .1044

Micro-CT
postinstrumentation

Reciproc 0.00 (0.00–1.00) 0.00 (0.00–1.00) *0.00 (0.00–1.00) *0.00 (0.00–2.00) 1.000
PTN 0.00 (0.00–0.00) 0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
WOG 0.00 (0.00–0.00) 0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
PDL 0.00 (0.00–0.00) *0.00 (0.00–0.00) 0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
P .3916 .3916 .3916 .1044

Micro-CT, micro–computed tomography; PDL, ProDesign Logic; PTN, ProTaper Next; WOG, WaveOne Gold.

*Statistically significant difference between micro-CT and cross-sectioning (P # .05).

TABLE 2. Median Number (and Minimum and Maximum Numbers in Parentheses) of Incomplete Dentin Defects Observed in the Specimens According to
Evaluation Method, Instrumentation System, and Root Level

Method System

Root level

Total P-value3 mm 6 mm 9 mm

Cross-sectioning
followed by
stereomicroscopy

Reciproc 0.50 (0.00–2.00) 1.00 (0.00–3.00) 1.00 (0.00–3.00) 3.50 (0.00–5.00) .7408
PTN 1.00 (0.00–2.00) 1.00 (1.00–2.00) 1.00 (1.00–2.00) 3.00 (2.00–5.00) .3772
WOG 1.00 (0.00–1.00) 1.00 (1.00–2.00) 1.50 (0.00–2.00) 3.50 (2.00–5.00) .2838
PDL 1.00 (0.00–1.00) 1.00 (0.00–2.00) 1.50 (0.00–2.00) 4.00 (1.00–5.00) .0978
P .9997 .9643 .9352 .8040

Micro-CT
preinstrumentation

Reciproc *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
PTN *0.00 (0.00–0.00) *0.00 (0.00–0.00) * 0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
WOG *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
PDL *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
P 1.000 1.000 1.000 1.000

Micro-CT
postinstrumentation

Reciproc *0.00 (0.00–0.00) *0.00 (0.00–0.00) * 0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
PTN *0.00 (0.00–0.00) *0.00 (0.00–0.00) * 0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
WOG *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
PDL *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) *0.00 (0.00–0.00) 1.000
P 1.000 1.000 1.000 1.000

Micro-CT, micro–computed tomography; PDL, ProDesign Logic; PTN, ProTaper Next; WOG, WaveOne Gold.

*Statistically significant difference between micro-CT and cross-sectioning (P # .05).
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respect to CDD at 3 mm from the apex (P> .05) can be explained by the
lower volume of dentin and cementum in this region, leading to a lower
level of mechanical stress between the diamond disk and the tooth dur-
ing sectioning (Fig. 2A).

These overall results contrast with the results of studies by Bier
et al (19), who compared different continuous rotary systems; Arias
et al (14), who compared manual and reciprocating instruments;
Karataş et al (20), who compared continuous rotary and reciprocating
instruments; and B€urklein et al (7), who compared Reciproc andWave-
One versus continuous rotary instruments. In these studies, in which the
assessments were performed only by root sectioning, the noninstru-
mented, control group did not present dentinal defects, whereas all
of the instrumented groups did.

The problem with this method is that it does not consider the dam-
age potentially caused by the interaction among the 3 sources of stress
on root dentin: mechanical preparation, NaOCl irrigation, and the
sectioning itself. In the present study, interpretation of the results could
be corrected based on the identification of preexisting defects in the
preinstrumentation micro-CT scan, because each specimen served as
its own control (8, 21). Hence, the inconsistent results found in the
studies using the cross-sectioning method could be explained by the
imponderability of the sectioning factor, precluding an isolated, and
therefore reliable, analysis of the instrumentation factor per se.

In addition, the cross-sectioning method (7, 12, 13, 20, 22) limits
the assessment to only a few levels along the length of the canal, and

produces irreversible changes to the specimen (8, 21, 23). In
contrast, micro-CT is considered a precise, nondestructive method,
which allows assessment of the specimen in its entirety (8, 23, 24).

By using hundreds of axial cuts per tooth, the micro-CT method
used in the present study allowed accurate location of the dentinal de-
fects, and a distinction to be made between genuine defects and artifacts
(false positives), whereas root cross-sectioning allowed only a limited
interpretation at 3, 6 and 9 mm from the apex.

The micro-CT assessment showed that some external defects that
initially did not communicate with the root canal eventually reached the
canal after instrumentation. However, this was not the result of the prop-
agation of the defect fromwithin, but rather the result of an expansion of
the canal lumen caused by instrumentation. In other words, it became
clear that the point of propagation of the defect in this case was external,
and not internal.

Because micro-CT is an indirect visualization method, it could, in
principle, lead to false-negative results, which would be a potential lim-
itation of the present study. The authors, however, believe that, given the
accuracy of the micro-CT method, on one hand, and the mechanical
stress-producing nature of the method of root sectioning followed by
microscopy, on the other, the probability of observing false negatives
by applying the former method is still lower than the probability of
observing false positives by applying the latter. Furthermore, micro-
CT allows a sequential analysis of a great number of cross-section slices
along the entire length of the root, further averting the occurrence of

Figure 2. Representative images from the micro-computed tomography analysis, pre- and postinstrumentation, and from the cross-sectioning analysis in the evaluated
groups, 3 mm (A), 6 mm (B), and 9 mm (C) from the apex, showing complete dentin defects (CDD) and incomplete dentin defects (IDD) (arrows).
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false-negative results that could arise from an incomplete coverage.
Nevertheless, further investigation is warranted with larger samples
and different tooth types to confirm the superiority of this methodolog-
ical option.

In conclusion, none of the evaluated instrumentation systems led
to the formation of new dentin defects. In contrast, the dentin defects
observed in the cross-sectioning analysis were not observed at the 2
time points in the micro-CT analysis, indicating that the formation of
new defects resulted from the sectioning procedure itself and not
from the mechanized instrumentation.
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