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ABSTRACT

Oval and ribbed root canals present a major challenge in endodontic treatment due to their complex
anatomy, which fosters the accumulation of debris and bacteria. Mechanical preparation systems
have been developed to improve shaping efficiency and canal centricity in these anatomically complex
canals. Aim: To compare, using micro-computed tomography, pulp space volume increase, untouched
canal surface area, and apical transportation in oval root canals prepared with WaveOne Gold (WOG)
or XP-endo Shaper (XPS). Materials and Method: 30 extracted single-rooted upper second premolars
with oval root canals were randomly divided into two experimental groups and instrumented with WOG
(n: 15) or XPS (n: 15). All specimens were scanned with micro-CT (SkyScan 1272; Bruker-microCT)
for comparison before and after instrumentation using the following acquisition parameters: 19um
voxel, 30 kV, 800 mA, 0.6° rotation step, 360° rotation and 1 mm thick aluminum filter. Initial and
final volumes, surface areas and centricities were analyzed to calculate pulp space volume increase,
untouched surface area and transportation. Data were analyzed using paired Student s t-tests, Wilcoxon
signed ranks or Mann-Whitney U tests, as appropriate (p < 0.05 significant). Results: There was no
significant difference between WOG and XPS in pulp space volume increase (p=0.26) or untouched
surface area (p>0.99). However, there were significant differences in centricity on the X and Y axes
(p<0.05), while on the Z axis, the differences were not significant (p=0.05). Conclusion: WOG and XPS
had similar shaping effectiveness. All files were able to clean and shape moderately curved canals with
minimal apical transportation.

Keywords: x ray micro-CT - mechanical preparation - transport - shaping ability - root canal preparation

Estudio comparativo de preparacion mecdnica con dos
sistemas de diferentes cinemdaticas. Evaluacion ex vivo
mediante micro-CT.

RESUMEN

Los conductos radiculares ovalados y con irregularidades son un desafio importante en el tratamiento
endodontico debido a su anatomia compleja, que favorece la acumulacion de detritus y bacterias.
Con el objetivo de mejorar la eficiencia del modelado y el centrado del conducto, se han desarrollado
distintos sistemas de preparacion mecanica para abordar estos conductos anatomicamente complejos.
Objetivo: comparar mediante micro-CT el incremento de volumen del espacio pulpar, superficie no
tocada y transporte apical producido en conductos ovalados tratados con: WOG o XPS. Materiales
y métodos: fueron utilizados 30 segundos premolares superiores unirradiculares ovalados, divididos
aleatoriamente en dos grupos experimentales instrumentados con: WOG (n:15) y XPS (n:15). Todas
las muestras fueron escaneados con micro-CT inicial y post-instrumentacion (SkyScan 1272, Bruker-
microCT) utilizando parametros de adquisicion: voxel 19um, 30 kV, 800 mA, paso de rotacion de
0,6°, rotacion de 360° y filtro de aluminio de 1 mm de espesor, para ser comparadas entre si. Se
analizaron los volumenes, superficies y centricidades iniciales y finales para calcular el incremento de
volumen del espacio pulpar, superficie no tocadas y transporte. Los datos se analizaron mediante las
pruebas t-Student apareada, de los rangos con signos de Wilcoxon o U de Mann-Whitney, segun lo que
correspondia (p< 0,05 significativo). Resultados: No hubo diferencias significativas entre WOG y XPS
en el incremento de volumen del espacio pulpar (p=0,26) y superficie no tocada (p>0,99). Sin embargo,
si hubo diferencias significativas en la diferencia de centricidad en los ejes X e Y (p<0,05). En el eje Z,
las diferencias no llegaron a ser significativas (p=0,05). Conclusion: WOG y XPS tuvieron efectividad
de modelado similar. Todas las limas utilizadas fueron capaces de limpiar y dar forma a conductos
moderadamente curvados con un minimo transporte apical.

Palabras clave: micro-CT - preparacion mecanizada - transporte - desgaste - preparacion del conducto
radicular
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INTRODUCTION

The purpose of endodontics is to cure or prevent
infectious pathologies of the periapical tissues.
During the mechanical preparation of the root
canal, no instrument can reach all the multiple
irregularities of the internal anatomy, and there may
remain untouched areas that harbor organic tissue
debris and bacteria. Thus, the chemical action of
irrigant solutions is essential to reach an adequate
level of conformation and disinfection, facilitating
a good three-dimensional seal'?. This is especially
important in the preparation of root canals that are
not circular in section’.

Oval and ribbed canals present a challenge in
endodontics because their complex anatomy fosters
the accumulation of detritus and bacteria. The
prevalence of this kind of anatomy is one third of
teeth in their apical portion, being more frequent in
incisors and lower second premolars®*.

In search of a more centered conformation, with
minimum deviations from the main axis of the canal
and greater respect for the internal anatomy, the
metal alloys used in the systems may be subjected
to any of several thermal treatments, and can also
present different kinematics such as rotation,
oscillation, reciprocating movement, and other
adaptive forms!*>9,

Single file systems, which considerably reduce
treatment time, subject each instrument to a high
level of cyclic and torsional fatigue. Reciprocating
systems have a longer service life than continuous
rotation systems’.

Among the continuous rotation systems is the XP-
endo Shaper (XPS) (FKG Dentaire, La Chaux-de-
Fond, Switzerland). Its serpentine dynamics and
MaxWire alloy body give it superelasticity and
shape memory, enabling it to adapt to the three-
dimensionality of the canal due to variations caused
by temperature changes, thereby improving cleaning
and shaping during instrumentation®>%.
Reciprocating kinematics provide an alternative
technique to continuous rotation, based on the
technique of manual instrumentation of balanced
forces, which generates less anatomical distortion
and reduces the risk of instrument fracture due to
cyclic fatigue?. It consists of an oscillatory movement
in which the instrument rotates and counter-rotates
with different degrees of rotation’. This system
includes the Wave-One Gold (WOG) (Dentsply
Maillefer, Ballaigues, Switzerland), a single file

system with surface heat treatment on its gold metal
alloy. It has an off-centered parallelogram cross-
section with two 85° cutting edges. According to the
manufacturer’s instructions, it is used with pecking
and planing movements>$,

X-ray microtomography (Micro-CT) is one of the most
accurate methods for the investigation of root canal
morphology, being non-invasive, non-destructive and
reproducible®. It has been used in several studies to
compare instrumented vs. non-instrumented areas of
different mechanical preparation systems, often on
oval internal anatomy?>*+¢%11,

The aim of the current study was to compare, by
means of X-ray microtomography, the volume
increase, uninstrumented surface area, and apical
transport produced in oval root canals treated with
the WOG or XPS systems.

MATERIALS AND METHOD

Thirty extracted single-rooted second upper
premolars were selected according to the following
inclusion criteria: single oval canal (type I
classification according to Vertucci), complete
apexogenesis, and curvature angles between 5°
and 15° (mild grade according to Schneider).
To corroborate this, a radiovisiograph (Kodak
RVG 6100, Kodak) was used and two projections
were made for each specimen: buccolingual and
mesiodistal.

The specimens were standardized with an axial cut
19 mm in length from the anatomical apex. The
selected teeth were stored in a 50% glycerin — 50%
alcohol solution, following the methodology used
in the Endodontics Department of the School of
Dentistry of the University of Buenos Aires.

After standardization of the specimens, an initial
microtomographic X-ray scan (SkyScan-1272;
Bruker, USA) was performed using the following
acquisition parameters: 19um voxel (resolution),
30kV (current), 800mA (voltage), 0.6° rotation step,
360° rotation around the vertical axis and 1mm
thick aluminum filter. The acquired projections
were reconstructed using NRecon software
(Ruker, Kontich, Belgium). The specimens were
randomly divided into two experimental groups to
be instrumented with two different systems: group
WOG (n=15) and group XPS (n=15).
Instrumentation was performed according to the
protocol used in Endodontics Department of the
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School of Dentistry of the University of Buenos
Aires, and according to the manufacturer’s
indications for each system.

Subsequently, the samples were scanned again
with the same initial parameters. The images were
analyzed individually and in a geometric overlay of
the pre- and post-instrumentation images with the
visualization software Data Viewer v.1.5.1, (Bruker,
Kontich, Belgium). Morphometric analysis of the
images was performed using the CTan v.1 .14.4
software (Bruker, Kontich, Belgium) analyzing,
for the whole canal: 1) Initial dentin volume (VID,
mm?); 2) Final dentin volume (VFD, mm?); 3) Initial
dentin surface (SID, mm?); 4) Final dentin surface
(SFD, mm?); 5) X, Y, Z centroid pre-instrumentation
(mm) and 6) X, Y, Z centroid post-instrumentation
(mm). The following variables were calculated:

Endodontic space volume increases according to
Gambril et al.'?

Final volume X 100
Initial volume

Volumetric increase % _
The surface area of the uninstrumented endodontic
space according to Gambril et al.'?

Uninstrumented
surface area %

Uninstrumented surface
area x 100
Final surface area

Transportation was measured by means of the
difference in position between the pre- and post-
instrumentation centroids on each axis (X, Y, Z)
according to Morales et al.'* Negative numbers
represented deviation in the mesial direction, while
positive numbers represented deviation in the distal
direction.

STATISTICAL ANALYSIS

The data sets were described by the following
measures: minimum (Min), maximum (Max), mean,
standard deviation (SD), median, first quartile (Q,)
and third quartile (Q,). To compare two paired data
sets, paired Student’s #-test was used when the
normality condition was met; otherwise, Wilcoxon
signed-rank test was used. To compare two grouped
data sets, the nonparametric Mann-Whitney U test
was used. The parametric pooled 7-Student test was

not used because the conditions of normality or
homoscedasticity were not met. The assumptions
of normality and homoscedasticity were analyzed
using the Shapiro Wilk test with modifications,
and the F test, respectively. In all inference tests,
differences were considered significant when the
p-value was less than 0.05 (p<0.05). The InfoStat v.
2020 program'* was used.

RESULTS

With both systems, endodontic space volume
increased significantly after instrumentation (Table
1). With the WaveOne Gold system (WOGQG), the
median (Q1/Q3) pre-and post-instrumentation
volumes (mm?®) were 7.68 (2.60/8.26) and 8.84
(7.79/9.70), respectively (Wilcoxon signed-rank:
7=-3.72; p<0.05); and with the XpShaper system
(XPS), they were 5.50 (4.68/13.39) and 12.63
(7.87/17.75), respectively (ranges with Wilcoxon
signed-rank: Z=-3.41; p<0.05).

The results for pulp space surface area were
analogous to those found for volume. With both
systems, the surface areas increased significantly
after instrumentation (Table 2). With the WOG,
the median (Q,/Q,) surfaces (mm?) pre- and post-
instrumentation were 50.63 (41.77/61.32) and 61.30
(60.84/62.50), respectively (Wilcoxon signed-rank:
7=-3.59; p<0.05); with XPS, they were 73.17
(51.68/78.77) and 92.37 (75.20/98.68), respectively
(ranges with Wilcoxon signed-rank: Z=-3.41;
p<0.05).

After the analysis of volume and surface area
between instances, calculations were made to
compare the percentage increase in pulp space
volume and surface area after instrumentation
between the two systems.

Regarding the percentage increase in pulp space
volume, there was no statistically significant
difference (Mann-Whitney U: W=286.00; p=0.26)
(Table 3) between the two experimental groups:
the median (Q/Q,) was 33.49% for WOG
(15.66/150.00), and 43.02% for XPS (31.81/50.69).
For the untouched surface after instrumentation (Fig.
1), there was no statistically significant difference
(Mann-Whitney U: W=255.00; p>0.99) (Table 4)
between the two experimental groups: the median
(Q,/Q,) was 81.45% for WOG (68.86/92.23), and
79.72% for XPS (77.18/80.13).
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Table 1. Volume of the pulp space according to the system used, before (Pre) and after (Post)
instrumentation.

Volume (mm?d)

System Instance _ ; p*
n Mean SD Min Max Median Q, Q,
Pre 15 6.10 2.92 147 8.80 7.68 2.60 8.26
WOG <0.05
Post 15 9.04 1.79 6.50 12.31 8.84 7.79 9.70
Pre 15 8.71 4.80 4.36 15.61 5.50 4.68 13.39
XPS <0.05
Post 15 13.03 5.47 6.57 20.35 12.63 7.87 17.75

*Wilcoxon signed-rank test

Table 2. Pulp space surface according to the system used, before (Pre) and after (Post) instrumentation.

Surface (mm?) p*
System Instance : i
n Mean SD Min Max Median Q, Q,
Pre 15 52.55 19.05 25.44 85.46 50.63 41.77 61.32
WOG <0.05
Post 15 69.30 25.77 46.05 124.08 61.30 60.84 62.50
Pre 15 65.12 19.82 34.59 8747 73.17 51.68 78.77
XPS <0.05
Post 15 84.12 23.23 44.72 109.63 92.37 75.20 98.68

*Wilcoxon signed-rank test

Table 3. Percentage increase in pulp volume after instrumentation, according to the system used.

Increase in volume (%)

System p*
n Mean SD Min Max Median Q, Q,
WOG 15 104.77 139.78 7.43 429.93 33.49 15.66 150.00 0.26
XPS 15 63.44 50.96 30.36 169.87 43.02 31.81 50.69 '

*Mann-Whitney U test

Centricity and Transportation to determine whether there is transportation in the
The centricities of the X, Y and Z axes were compared canal. For the X axis, no statistically significant
before (pre) and after (post) instrumentation in order  difference was found in the WOG group: the medians

Fig 1: Microcomputed tomography images in mesial view, buccal view and overlay taken before (red) and after (green) the use of
rotary and reciprocating instruments reveal areas that were not prepared (red).
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Table 4. Percentage of untouched surface, according to the system used.

Untouched surface (%)

System
n Mean SD Min
WOG 15 77.69 20.11 41.40
XPS 15 78.00 13.36 56.00

*Mann-Whitney U test

(Q/Q,) pre- and post-instrumentation were 8.43
(7.64/13.35) and 8.86 (5.77/12.40), respectively
(paired t-Student: T=1.69; p=0.11). However, in
the XPS group transportation before and after
instrumentation differed significantly (Table 5),
with medians (Q/Q,) 5.70 (5.16/7.81) and 8.10

Max Median Q, Q, P
100.79 81.45 68.86 92.23

>0.99
97.30 79.72 7718 80.13

(6.46/12.97), respectively (Wilcoxon signed-rank:
7=-3.42; p<0.05).

As in the X-axis, for the Y-axis, no statistically
significant difference was found in the WOG group:
the medians (Q,/Q,) pre- and post-instrumentation
(mm) were 8.40 (7.63/12.09) and 9.81 (5.92/12.91),

Table 5. X-axis centricity according to the system used, before (Pre) and after (Post) instrumentation.

System Instance

n Mean SD Min
Pre 15 9.56 3.14 5.45

WOG
Post 15 8.75 3.69 3.87
Pre 15 6.25 1.40 4.45

XPS
Post 15 9.38 3.1 6.26

* t-Student paired
**Wilcoxon signed-rank test

respectively (paired t-Student: T=-0.26; p=0.80).
However, there was a statistically significant
deviation for the XPS group after instrumentation
(Table 6), where the medians (Q /Q,) pre- and post-
instrumentation (mm) were 5.51 (5.29/6.96) and

X-axis (mm)
Max Median Q, Q, P
13.99 8.43 7.64 13.35 B
12.78 8.86 5.77 12.40 ;
8.02 5.70 5.16 7.81
<0.05 **
13.07 8.10 6.46 12.97

8.30 (6.31/13.66), respectively (Wilcoxon-signed
rank: Z=-3.41; p<0.05).

For the Z axis, the results were inverse compared

to axes X and Y: in the WOG group, statistically

Table 6. Y-axis centricity according to the system used, before (Pre) and after (Post) instrumentation.

System Instance

n Mean SD Min
Pre 15 9.08 2.82 4.87

WOG
Post 15 9.26 3.99 3.66
Pre 15 6.06 1.02 4.91

XPS
Post 15 9.67 3.51 6.11

* t-Student paired
**Wilcoxon signed-rank test

significant differences in centricity (mm) were
found: the medians (Q,/Q,) pre- and post-
instrumentation were 10.47 (4.77/15.03) and 8.80
(5.87/11.66), respectively (Wilcoxon signed-rank:
7=2.81; p<0.05). However, for the XPS group

Y-axis (mm)

Max Median Q, Q, P
13.10 8.40 7.63 12.09

0.80*
13.44 9.81 5.92 12.91
7.66 5.51 5.29 6.96

0.05**
13.99 8.30 6.31 13.66

there was no significant difference before and after
instrumentation (Table 7), where the medians (Q,/
Q,) were 7.46 (5.65/16.87) and 6.84 (5.94/17.64),
respectively (ranges with Wilcoxon signed-rank:
Z=-1.25; p=0.21).
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Table 7. Centricity of the Z axis according to the system used, before (Pre) and after (Post)
instrumentation.

Z-axis (mm)
System Instance _ p*
n Mean SD Min Max Median Q, Q,
Pre 15 10.38 5.50 4.28 1713 10.47 4.77 15.03
WOG <0.05
Post 15 8.78 3.57 4.19 13.36 8.80 5.87 11.66
Pre 15 10.41 5.72 4.60 17.53 7.46 5.65 16.87
XPS 0.21
Post 15 10.69 5.88 5.26 17.84 6.84 5.94 17.64

*Wilcoxon signed-rank test

Following the centricity comparisons before and
after instrumentation of each system, we compared
the centricity differences (transportation, mm)
between the systems on each axis. On the X and
Y axes, significant differences were found: the
difference in centricity (mm) was greater with XPS
than with WOG. On the X axis, the median (Q,/Q,)
was -1.03 (-1.78/0.32) for WOG and 3.55 for XPS

(1.17/5.05) (Mann-Whitney U: W=372.00; p<0.05;
Table 8). On the Y-axis, the median (Q1/Q3) was
0.26 for WOG (-2.17/1.84) and 3.29 for XPS
(0.94/6.11) (Mann-Whitney U: W=345.00; p<0.05;
Table 8). On the Z-axis, the differences were not
significant: the median (Q,/Q,) was -2.49 for WOG
(-3.47/1.10) and 0.01 (-.039/1.06) for XPS (Mann-
Whitney U: W=309.00; p=0.05; Table 8).

Table 8. Difference in centricity of the X, Y, Z axes post- and pre-instrumentation, according to the system

used.
Difference (mm
Axis System (mm) p*
n Mean SD Min Max Median Q, Q,
WOG 15 -0.81 2.03 -3.87 2.65 -1.03 -1.78 0.32
X <0.05
XPS 15 3.13 1.97 0.66 5.35 3.55 117 5.05
WOG 15 0.18 2.83 -3.87 4.74 0.26 2,17 1.84
Y <0.05
XPS 15 3.61 2.64 0.80 7.03 3.29 0.94 6.11
. WOG 15 -1.60 2.27 -3.88 173 -2.49 -3.47 1.10 0.06
XPS 15 0.28 0.79 -0.61 1.34 0.01 -0.39 1.06 ’
*Mann-Whitney U test
DISCUSSION mostly calcified canals could have shown increased
This study evaluated canal preparation and volume. For future studies, it would be interesting

transportation in extracted single-rooted upper
premolar canals using different instruments. Despite
the limitations for sample standardization, the use of
extracted teeth remains the best option, since resin-
fabricated teeth have a critical limitation in terms of
the difference in hardness between dentin and resin'.
To minimize the variables and achieve better
standardization, the specimens were standardized
with cuts from the apical limit up to 19mm towards
apical, and randomly distributed, resulting in two
groups without differences. However, previous
“narrowing” of the canals was not taken into account,
and this could have influenced the result, since the

to homogenize the sample by standardizing the
volume previously. Ane Poly et al.'’, compared
the same systems as in our study, and found better
centering of XPS with respect to WOG but greater
wear with the former. The differences in the results
could be due to the fact that the authors measured
the volumes of each canal prior to instrumentation
by means of a fast X-ray scan.

In the current study, all specimens were handled by
the same operator. In contrast, a study by Hofmann
analyzing the centering ability of reciprocating
instruments and using plastic plugs with curved root
canals observed that significant differences between
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operators contributed more to canal transport than
did the file system itself'>.

Despite differences in cross-sectional design and
kinematics that affect the shaping ability of NiTi
preparation systems'’?, we agree with Mamede-
Neto I et al., Saberi E et al.?' and Versiani et al.”
that there were no significant statistical differences
in wear and transportation between rotating and
reciprocating systems.

Wu et al.”? argued that apical canal transportation
of less than 0.3 mm would have minimal impact
on prognosis. Therefore, the quality of the images
evaluated is crucial for the accuracy of the results.
Although CBCT is known to produce less detailed
images than micro-CT*26, CBCT has been used as
an evaluation method in recent studies?’ .

Recent studies with the same purpose and using
micro-CT as a 3D evaluation method presented
voxel sizes ranging from 20 to 22.8um. As root canal
anatomy gradually changes along the z-axis, a voxel

CONFLICT INTERESTS
The authors declare no potential conflicts of interest regarding
the research, authorship, and/or publication of this article.

REFERENCES

1. Sousa-Neto MD, Silva-Sousa YC, Mazzi-Chaves JF,
Carvalho KKT, Barbosa AFS, Versiani MA, Jacobs R,
Leoni GB. Root canal preparation using micro-computed
tomography analysis: a literature review. Braz Oral Res.
2018 Oct 18;32(suppl 1):e66. https://doi.org/10.1590/1807-
3107bor-2018.vo132.0066. PMID: 30365607.

2. Versiani MA, Carvalho KKT, Mazzi-Chaves JF, Sousa-
Neto MD. Micro-computed Tomographic Evaluation
of the Shaping Ability of XP-endo Shaper, iRaCe, and
EdgeFile Systems in Long Oval-shaped Canals. J Endod.
2018 Mar;44(3):489-495. https://doi.org/10.1016/].
joen.2017.09.008. Epub 2017 Dec 19. PMID: 29273492.

3. Lacerda MFLS, Marceliano-Alves MF, Pérez AR,
Provenzano JC, Neves MAS, Pires FR, Gongalves LS,
Rogas IN, Siqueira JF Jr. Cleaning and Shaping Oval Canals
with 3 Instrumentation Systems: A Correlative Micro-
computed Tomographic and Histologic Study. J Endod.
2017 Nov;43(11):1878-1884.  https://doi.org/10.1016/].
joen.2017.06.032. Epub 2017 Sep 23. PMID: 28951035.

4. de Albuquerque MS, Nascimento AS, Gialain IO, de Lima EA,
Nery JA, de Souza Araujo PR, de Menezes RF, Kato AS, Braz
R. Canal Transportation, Centering Ability, and Dentin Removal
after Instrumentation: A Micro-CT Evaluation. J Contemp Dent
Pract. 2019 Jul 1;20(7):806-811. PMID: 31597800.

5. Vaudt J, Bitter K, Neumann K, Kielbassa AM. Ex vivo
study on root canal instrumentation of two rotary nickel-
titanium systems in comparison to stainless steel hand

size of 34um was shown to provide acceptable image
quality, while smaller voxel sizes provide greater
accuracy for evaluating root canal preparation. The
present study therefore used micro-CT as the 3D
evaluation method, choosing a voxel size of 18um
with the aim of obtaining better image quality.
However, Zanesco et al.’® showed that the digital
subtraction radiographic technique was reliable and
there was no statistical difference with micro-CT

images in apical transportation analysis.

CONCLUSION

WOG and XPS showed similar shaping
effectiveness. All instruments were able to clean
and shape moderately curved canals with minimal
apical transportation. These results emphasize the
relevance of adequate irrigation, since mechanical
preparation alone does not ensure complete cleaning
of the root canal system.

instruments. Int Endod J. 2009 Jan;42(1):22-33. https://doi.
org/10.1111/5.1365-2591.2008.01489.x. PMID: 19125977.

6. Zubizarreta-Macho A, Albaladejo Martinez A, Falcao Costa
C, Quispe-Lopez N, Agustin-Panadero R, Mena-Alvarez
J. Influence of the type of reciprocating motion on the
cyclic fatigue resistance of reciprocating files in a dynamic
model. BMC Oral Health. 2021 Apr 7;21(1):179. https://
doi.org/10.1186/s12903-021-01538-8. PMID: 33827530;
PMCID: PMC8028824.

7. Silva EJNL, Vieira VTL, Belladonna FG, Zuolo AS,
Antunes HDS, Cavalcante DM, Elias CN, De-Deus G.
Cyclic and Torsional Fatigue Resistance of XP-endo Shaper
and TRUShape Instruments. J Endod. 2018 Jan;44(1):168-
172. https://doi.org/10.1016/j.joen.2017.08.033. Epub 2017
Oct 24. PMID: 29079058.

8. Thomas JP, Lynch M, Paurazas S, Askar M. Micro-
computed Tomographic Evaluation of the Shaping Ability
of WaveOne Gold, TRUShape, EdgeCoil, and XP-3D
Shaper Endodontic Files in Single, Oval-shaped Canals: An
In Vitro Study. J Endod. 2020 Feb;46(2):244-251.el. https://
doi.org/10.1016/j.joen.2019.11.001. PMID: 32040423.

9. Bruker. SkyScan 1272: User Manual. Belgium: Bruker
microCT; 2013.

10. vander Vyver PJ, Paleker F, Vorster M, de Wet FA. Root Canal
Shaping Using Nickel Titanium, M-Wire, and Gold Wire: A
Micro-computed Tomographic Comparative Study of One
Shape, ProTaper Next, and WaveOne Gold Instruments in

Acta Odontol. Latinoam. 2025

ISSN 1852-4834

Vol. 38 N° 3 / 202-209


https://doi.org/10.1590/1807-3107bor-2018.vol32.0066
https://doi.org/10.1590/1807-3107bor-2018.vol32.0066
https://doi.org/10.1016/j.joen.2017.09.008
https://doi.org/10.1016/j.joen.2017.09.008
https://doi.org/10.1016/j.joen.2017.06.032
https://doi.org/10.1016/j.joen.2017.06.032
https://doi.org/10.1111/j.1365-2591.2008.01489.x
https://doi.org/10.1111/j.1365-2591.2008.01489.x
https://doi.org/10.1186/s12903-021-01538-8
https://doi.org/10.1186/s12903-021-01538-8
https://doi.org/10.1016/j.joen.2017.08.033
https://doi.org/10.1016/j.joen.2019.11.001
https://doi.org/10.1016/j.joen.2019.11.001

Comparative micro-CT study of two root canal preparation systems

209

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Maxillary First Molars. J Endod. 2019 Jan;45(1):62-67.
https://doi.org/10.1016/j.joen.2018.09.013. Epub 2018 Nov
13. PMID: 30446405.

Pinto JC, Pivoto-Jodo MMB, Espir CG, Ramos MLG,
Guerreiro-Tanomaru JM, Tanomaru-Filho M. Micro-CT
evaluation of apical enlargement of molar root canals using
rotary or reciprocating heat-treated NiTi instruments. J
Appl Oral Sci. 2019 Aug 12;27:¢20180689. https://doi.
org/10.1590/1678-7757-2018-0689. PMID: 31411264;
PMCID: PMC9648948.

Gambill JM, Alder M, del Rio CE. Comparison of nickel-
titanium and stainless steel hand-file instrumentation using
computed tomography. J Endod. 1996 Jul;22(7):369-75. https://
doi.org/10.1016/S0099-2399(96)80221-4. PMID: 8935064.
Pérez Morales MLN, Gonzilez Sanchez JA, Olivieri JG,
Elmsmari F, Salmon P, Jaramillo DE, Terol FD. Micro-
computed Tomographic Assessment and Comparative
Study of the Shaping Ability of 6 Nickel-Titanium Files: An
In Vitro Study. J Endod. 2021 May;47(5):812-819. https://
doi.org/10.1016/j.joen.2020.12.021. Epub 2021 Feb 4.
PMID: 33549630.

Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez L,
Tablada M, Robledo CW. InfoStat version 2020. Cordoba:
Centro de Transferencia InfoStat, FCA, Universidad Nacional
de Cordoba; 2020. Available from: http://www.infostat.com.ar.
Hofmann N. Both operator and heat treatment determine
the centring ability of Reciproc® files in vitro. Clin Oral
Investig. 2019 Feb;23(2):697-706. https://doi.org/10.1007/
s00784-018-2486-y. Epub 2018 May 12. PMID: 29752532.
Poly A, AlMalki F, Marques F, Karabucak B. Canal
transportation and centering ratio after preparation in
severely curved canals: analysis by micro-computed
tomography and double-digital radiography. Clin Oral
Investig. 2019  Dec;23(12):4255-4262.  https://doi.
org/10.1007/s00784-019-02870-8. Epub 2019 Mar 5.
PMID: 30834991; PMCID: PMC7737402.

Versiani MA, Pécora JD, de Sousa-Neto MD. Flat-oval root
canal preparation with self-adjusting file instrument: a micro-
computed tomography study. J Endod. 2011 Jul;37(7):1002-
7. https://doi.org/10.1016/j.joen.2011.03.017. Epub 2011
May 12. PMID: 21689560.

Marceliano-Alves MF, Sousa-Neto MD, Fidel SR, Steier
L, Robinson JP, Pécora JD, Versiani MA. Shaping ability
of single-file reciprocating and heat-treated multifile
rotary systems: a micro-CT study. Int Endod J. 2015
Dec;48(12):1129-36. https://doi.org/10.1111/iej.12412. Epub
2014 Dec 6. PMID: 25400256.

GagliardiJ, Versiani MA, de Sousa-Neto MD, Plazas-Garzon
A, Basrani B. Evaluation of the Shaping Characteristics of
ProTaper Gold, ProTaper NEXT, and ProTaper Universal in
Curved Canals. J Endod. 2015 Oct;41(10):1718-24. https://
doi.org/10.1016/j.joen.2015.07.009. Epub 2015 Aug 29.
PMID: 26321062.

Paqué F, Ganahl D, Peters OA. Effects of root canal
preparation on apical geometry assessed by micro-computed
tomography. J Endod. 2009 Jul;35(7):1056-9. https://doi.
org/10.1016/j.joen.2009.04.020. PMID: 19567334.
Mamede-Neto I, Borges AH, Guedes OA, de Oliveira
D, Pedro FL, Estrela C. Root Canal Transportation and
Centering Ability of Nickel-Titanium Rotary Instruments

22.

23.

24.

25.

26.

27.

28.

29.

30.

in Mandibular Premolars Assessed Using Cone-Beam
Computed Tomography. Open Dent J. 2017 Feb 14;11:71-
78. https://doi.org/10.2174/1874210601711010071. PMID:
28357000; PMCID: PMC5345325.

WuMK, Fan B, Wesselink PR. Leakage along apical root fillings
in curved root canals. Part I: effects of apical transportation on
seal of root fillings. J Endod. 2000 Apr;26(4):210-6. https://doi.
org/10.1097/00004770-200004000-00003. PMID: 11199720.
Marca C, Dummer PM, Bryant S, Vier-Pelisser FV, S6 MV,
Fontanella V, Dutra VD, de Figueiredo JA. Three-rooted
premolar analyzed by high-resolution and cone beam CT. Clin
Oral Investig. 2013 Jul;17(6):1535-40. https://doi.org/10.1007/
s00784-012-0839-5. Epub 2012 Sep 20. PMID: 22993113.
Maret D, Peters OA, Galibourg A, Dumoncel J, Esclassan R,
Kahn JL, Sixou M, Telmon N. Comparison of the accuracy
of 3-dimensional cone-beam computed tomography and
micro-computed tomography reconstructions by using
different voxel sizes. J Endod. 2014 Sep;40(9):1321-6.
https://doi.org/10.1016/j.joen.2014.04.014. Epub 2014 Jul
10. PMID: 25146011.

Ordinola-Zapata R, Bramante CM, Versiani MA, Moldauer
BI, Topham G, Gutmann JL, Nufiez A, Duarte MA, Abella
F. Comparative accuracy of the Clearing Technique, CBCT
and Micro-CT methods in studying the mesial root canal
configuration of mandibular first molars. Int Endod J. 2017
Jan;50(1):90-96. https://doi.org/10.1111/iej.12593. Epub
2016 Jan 19. PMID: 26659613.

Zhang D, Chen J, Lan G, Li M, An J, Wen X, Liu L, Deng M.
The root canal morphology in mandibular first premolars: a
comparative evaluation of cone-beam computed tomography
and micro-computed tomography. Clin Oral Investig. 2017
May;21(4):1007-1012.  https://doi.org/10.1007/s00784-016-
1852-x. Epub 2016 May 13. PMID: 27178313.

Delgoshayi N, Abbasi M, Bakhtiar H, Sakhdari S, Ghannad
S, Ellini MR. Canal Transportation and Centering Ability of
ProTaper and SafeSider in Preparation of Curved Root Canals:
A CBCT Evaluation. Iran Endod J. 2018 Spring;13(2):240-245.
https://doi.org/10.22037/iej.v13i2.19200. PMID: 29707022;
PMCID: PMC5911301.

Hasheminia SM, Farhad A, Sheikhi M, Soltani P, Hendi SS,
Ahmadi M. Cone-beam Computed Tomographic Analysis
of Canal Transportation and Centering Ability of Single-file
Systems. J Endod. 2018 Dec;44(12):1788-1791. https://doi.
org/10.1016/j.joen.2018.09.011. Epub 2018 Nov 1. PMID:
30390970.

Pansheriya E, Goel M, Gupta KD, Ahuja R, Kaur RD,
Garg V. Comparative Evaluation of Apical Transportation
and Canal Centric Ability in Apical Region of Newer
nickel-titanium File Systems Using cone-beam computed
tomography on Extracted Molars: An In Vitro Study.
Contemp Clin Dent. 2018 Sep;9(Suppl 2):S215-S220.
https://doi.org/10.4103/ccd.ccd 17 18. PMID: 30294147,
PMCID: PMC6169273.

Zanesco C, S6 MV, Schmidt S, Fontanella VR, Grazziotin-
Soares R, Barletta FB. Apical Transportation, Centering Ratio,
and Volume Increase after Manual, Rotary, and Reciprocating
Instrumentation in Curved Root Canals: Analysis by Micro-
computed Tomographic and Digital Subtraction Radiography.
J Endod. 2017 Mar;43(3):486-490. https://doi.org/10.1016/;.
joen.2016.11.006. PMID: 28231983.

Vol. 38 N° 3 / 202-209

ISSN 1852-4834

Acta Odontol. Latinoam. 2025


https://doi.org/10.1016/j.joen.2018.09.013
https://doi.org/10.1590/1678-7757-2018-0689
https://doi.org/10.1590/1678-7757-2018-0689
https://doi.org/10.1016/S0099-2399(96)80221-4
https://doi.org/10.1016/S0099-2399(96)80221-4
https://doi.org/10.1016/j.joen.2020.12.021
https://doi.org/10.1016/j.joen.2020.12.021
http://www.infostat.com.ar
https://doi.org/10.1007/s00784-018-2486-y
https://doi.org/10.1007/s00784-018-2486-y
https://doi.org/10.1007/s00784-019-02870-8
https://doi.org/10.1007/s00784-019-02870-8
https://doi.org/10.1016/j.joen.2011.03.017
https://doi.org/10.1111/iej.12412
https://doi.org/10.1016/j.joen.2015.07.009
https://doi.org/10.1016/j.joen.2015.07.009
https://doi.org/10.1016/j.joen.2009.04.020
https://doi.org/10.1016/j.joen.2009.04.020
https://doi.org/10.2174/1874210601711010071
https://doi.org/10.1097/00004770-200004000-00003
https://doi.org/10.1097/00004770-200004000-00003
https://doi.org/10.1007/s00784-012-0839-5
https://doi.org/10.1007/s00784-012-0839-5
https://doi.org/10.1016/j.joen.2014.04.014
https://doi.org/10.1111/iej.12593
https://doi.org/10.1007/s00784-016-1852-x
https://doi.org/10.1007/s00784-016-1852-x
https://doi.org/10.22037/iej.v13i2.19200
https://doi.org/10.1016/j.joen.2018.09.011
https://doi.org/10.1016/j.joen.2018.09.011
https://doi.org/10.4103/ccd.ccd_17_18
https://doi.org/10.1016/j.joen.2016.11.006
https://doi.org/10.1016/j.joen.2016.11.006

