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SIGNIFICANCE

Minimally invasive endodontic
principles lead to lower
tapered preparations. This
study addresses that the
reduction of the canal taper
may improve the instruments’
centering ability not influencing
the stress distribution pattern
through the mesial root of the
lower molars.
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ABSTRACT

Introduction: The aim of this study was to evaluate the dentin preservation and fracture
resistance of mandibular molar mesial roots after shaping with different tapers using micro–
computed tomography (micro-CT) and finite element analysis (FEA). Methods: Forty-eight
mandibular first molars with independent mesial canals were selected. The mesio-lingual and
mesio-buccal canals were randomly assigned (n5 12) to ProTaper Gold (PG), ProTaper Next
(PTN), ProTaper Ultimate (PTU), and B4U instrumentation systems. Pre- and post-shaping
micro-CT scans were performed to compare root canal volume and cervical dentin volume.
The centroid shift and the percentage and distribution of the dentin removal in correspon-
dence of the mesial canals were analyzed in coronal, middle, and apical points of analysis and
below the furcation at the “danger zone.” The residual dentin thickness in the distal and mesial
aspects of the mesial canals was measured. A linear elastic model of a mesial root of a
mandibular molar was created through the finite element method (FEM) and a 200N
perpendicular load was applied on the root canal coronal third. One-way factorial analysis of
variance with Bonferroni correction and post hoc Tukey-Kramer tests were used (P , .05).
Results: The mean cervical dentin volume removal was statistically lower for the B4U
compared with the PG system (P , .05). The canal centering ability was statistically more
accentuated for the B4U group in the coronal and middle third and higher centroid shift
variations occurred for PG system (P , .05). The residual dentin thickness appeared
statistically higher after shaping with B4U through the mesial and distal root aspect at the
coronal point of analysis and at the danger zone (P , .05). PG removed more dentin in the
coronal root canal third (P , .05). The FEM analysis showed no statistically significant
differences between groups (P . .05). Conclusions: The reduction of the root canal taper
may improve the instruments’ centering ability and the preservation of the residual dentin tissue,
especially in the coronal andmiddle third. The root canal taper seems not to influence the stress
distribution pattern through themesial root of the lower molars. (J Endod 2025;51:1477–1484.)
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The maintenance of tooth dentinal structure appears crucial for the long-term endodontic prognosis1-3. It
is widely assumed that the thickness of the residual radicular dentin is crucial for the long-term survival of
endodontically treated teeth4,5. In particular, the preservation of the dentinal cervical collar seems
mandatory for tooth resistance6.

Endodontic shaping instruments are becoming less invasive with a reduced taper and
increased flexibility7,8. The new nickel-titanium (NiTi) alloys and instrument geometries allow minimally
invasive preparations with a systematic respect for the original dental tissue9. The reduction of the
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taper during shaping should have some
advantages in terms of tissue preservation,
without reducing the quality of root canal
disinfection and filling10,11. In particular, a
low-tapered preparation is indicated in the
mesial canals of the mandibular molars, due
to the presence of a danger zone below the
furcation where the dentin thickness is
minimal12-14. Furthermore, the mandibular
molars are prone to fracture after extensive
coronal tissue loss and excessive removal of
dentin in the coronal portion during
shaping15. However, the effect of root canal
taper on the fracture resistance of the
mandibular molars is still controversial16.

Recently, several rotary endodontic
shaping systems have been proposed, with
different geometries, sections, and alloys. Even
though they are systems with a progressive
taper, the ProTaper Gold system (Dentsply
Maillefer, Ballaigues, Switzerland) displays a
0.09 mean preparation taper, whereas the
ProTaper Ultimate (Dentsply Maillefer) and
ProTaper Next (Dentsply Maillefer) create a
shaping of respectively 0.08 and 0.06 taper.
Recently, the B4U system (Sweden & Martina,
Padua, Italy) was proposed to fulfill the
concept of a reduced tapered preparation
reaching a 0.05 final taper.

The aim of this study was to compare
different shaping systems with distinct mean
preparation tapers in terms of canal
centering ability, preservation of the root
canal dentinal tissue, and root fracture
resistance through micro–computed
tomography (micro-CT) and finite element
analysis (FEA). The null hypothesis is that
different shaping tapers do not influence the
canal anatomy preservation and stress
distribution on the mesial roots of mandibular
first molars in FEA simulation.
MATERIALS AND METHODS

This article was written according to the
Preferred Reporting Items for Laboratory
studies in Endodontology (PRILE) 202117. The
study was approved by the local research
ethics committee (approval code
CS2_1053_2022).

Specimen Selection
A total of 140 permanent mandibular first
molars, not previously subjected to
endodontic treatment, free of caries, and
freshly extracted for periodontal disease,
were selected in accordance with the local
ethics committee. A sample size of 12 per
group was calculated with G*Power 3.1.4
(Kiel University, Kiel, Germany) to set the
study power at 80% (a large effect size of 1
1478 Alovisi et al.
was considered for the sample size
computation). After the root debridement
with Gracey curettes, the specimens were
immersed in a 0.01% sodium hypochlorite
(NaOCl) solution at 4 �C for 24 h (Niclor 5,
OGNA, Muggi�o, Italy) and then stored in
saline solution until experimental use.
Inclusion Criteria
Specimens were placed on a custom holder
and micro-CT scanned (SkyScan 1172 micro-
CT, Bruker, Kontich, Belgium) at low
resolution (27.45 mm, 100 kV, 100 mA) to
obtain overall information regarding the root
canal anatomy. Images were reconstructed
using NRecon software (Bruker, Kontich,
Belgium), exporting the files in DICOM (.dcm)
format.

The morphological parameters of the
mesio-lingual (ML) and mesio-buccal (MB)
canals were obtained, and the following
inclusion criteria were applied. First
mandibular molars with fully formed root
apices and 2 independent mesial canals along
their entire length were selected. The ML and
MB canals measured 12 6 2 mm from canal
orifices to the apical foramen and showed 20
to 40� primary root canal curvature in bucco-
lingual projection according to the Schneider
method18. The main curvature radius was
selected 4 , r � 8 mm, with a point of
maximum curvature located at the middle
third. The proximal curvature was investigated
from a mesio-distal projection and only teeth
with a 10 to 30� primary curvature were
considered19. Teeth with significant root canal
calcifications were excluded, as well as teeth
with a third median canal in the mesial root.
Teeth not concurring with the inclusion criteria
regarding canal curvature and patency were
excluded.
Micro-CT Analysis
Forty-eight elements were selected in
accordance with the inclusion criteria. The
remaining specimens were discarded due to
anatomical features or severe root canal
calcifications. A traditional endodontic
access (TEC) was performed with an 880-
314-012 diamond cylindrical bur (Komet,
Gebr. Brasseler GmbH & Co KG, Lemgo,
Germany) to remove all the coronal
interferences20.

Afterward, each sample was scanned
at high resolution with the following micro-CT
parameters: 100 kV and 100 mA, isotropic
resolution equal to 20.86 mm/pixel, in a time
frame of about 2 h for each sample. The scan
was performed with a rotation step of 0.7�

and a frame averaging of 4, with sample
rotation of 360�, using an aluminum and
copper filter. Each scan produced, on
average, 1031 cross sections per sample,
saved in .tiff format at a resolution of 1000 !

666 pixels. The images were reconstructed
using the NRecon software and the root
canal anatomies were analyzed with high-
resolution 3-dimensional (3D) rendering and
orthogonal cross sections to assess
homogeneity of the groups at baseline
(cross-sectional areas and diameters 1 mm
from apical foramen and root canal volume).
After checking the normality assumption
(Shapiro-Wilk test), the degree of
homogeneity was evaluated by 1-way
analysis of variance (ANOVA) (level of
significance 5%).

Then, through Materialise Mimics 24.0
software (Materialise NV, Leuvren, Belgium)
the following parameters were evaluated for
each specimen: cervical dentin volume (CDV),
centroid shift, and the dentin thicknesses
proximal to the mesial canals, both in the
mesial and distal directions.
Specimen Preparation
Ninety-six root canals were selected for the
study. The manual canal scouting of both
ML and MV canals with a K-File #10
(Dentsply Maillefer) was performed for all the
specimens up to working length (WL), using
Glyde (Dentsply Maillefer) as the lubricating
agent (0.80 mg)21. The WL was determined
under !10 magnification (OPMI Pro Ergo,
Carl Zeiss, Oberkochen, Germany) when the
tip of the instrument was visible at the apical
foramen. For all specimens, the mechanical
glide path was completed with NiTi rotary
ProGlider (Dentsply Maillefer) using an
endodontic motor (X-Smart Plus, Dentsply
Maillefer) with 16:1 contra angle at 300 rpm,
4 Ncm at full WL. Then the canals were
randomly assigned to 4 different groups
(n 5 24) according to the shaping technique
using a computer-generated randomization
system. The glide path and shaping were
performed with 4 different rotary systems
following the direction for use: ProTaper
Gold (PG) (Dentsply Maillefer) up to F2 (25/
0.08), ProTaper Ultimate (PTU) (Dentsply
Maillefer) up to F2 (25/0.08), ProTaper Next
(PTN) (Dentsply Maillefer) up to !2 (25/
0.06), and B4U (Sweden & Martina) up to
Finisher (23/0.05). The instruments were
removed and cleaned each time after 3
pecking motions until WL was reached. The
shaping was performed using an endodontic
motor (X-Smart Plus, Dentsply Maillefer) with
16:1 contra angle following the specific
direction for use. The irrigation was ensured
JOE � Volume 51, Number 10, October 2025



TABLE 1 - The Mean Number of Elements and Nodes of the Finite Element Models

PG PTN B4U PTU

Mean number of nodes 41,696 40,189 39,862 43,071
Mean number of elements 173,027 172,112 171,622 174,153

PG, ProTaper Gold Group; PTN, ProTaper Next Group; PTU, ProTaper Ultimate Group.
alternating 5% NaOCl (Niclor 5, OGNA,
Muggi�o, Italy) and 10% EDTA (Tubuliclean,
OGNA) for a total of 5 mL for each solution
for each canal using a 30G needle up to the
apical third. Recapitulation with a size 10 K-
File was performed between each
instrument. Afterward, the root canals were
dried with absorbent sterile paper points
and micro-scanned for posttreatment-
analyses. The procedures were led by a
single expert operator with more than
10 years of practice in endodontics who was
familiar with all the rotary systems used and
who avoided intentional brushing
movements.

Micro-CT Imaging Analysis
The 3D models before and after shaping
were matched to enable pre- and
postoperative evaluation for each group. The
3D and bi-dimensional (2D) analyses were
performed automatically through the
software CTAn (Bruker, Belgium) to reduce
manual errors. The CDV was determined
collecting the 3D dentinal amount
circumferentially to the canal lumen from
2 mm coronal to 2 mm apical to the furcation
for a total height of 4 mm below the
cementum-enamel junction. Moreover, 2D
analyses were evaluated on cross-sectional
images. The centroid shift was analyzed in
coronal (C), middle (M), and apical (A) points
of analysis and the percentage and the
distribution of dentin removal at the mesial
canals were analyzed also below the
furcation at the “danger zone” (D). The point
of analysis C was set at the middle portion of
the root canal coronal third defined by a 3D
calculation of the root canal length from the
orifice to the foramen; the M was set at the
point of the maximum curvature and A 1 mm
from the apical foramen. The different points
TABLE 2 - Sample Baseline Characteristics in all Groups (M

PG

Canal volumes (mm3) 2.11 6 0.67 2.2
Canal surface area (mm2) 15.52 6 2.87 16.8
Apical diameters* (mm) 0.17 6 0.08 0.1

PG, ProTaper Gold Group; PTN, ProTaper Next Group; PTU,
Statistical significance indicated by P , .05.
*Apical diameters (Mean 6 SD) at 1 mm from apical foramen.
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of analysis were selected as representative of
the critical shaping points22. The residual
dentin thickness in the distal and mesial
aspects of the mesial canals was measured.
The same plane was used for pre- and
postoperative cross-section orientation
perpendicular to the canal axis. Axial slices
were imported and automatically analyzed
with the CTAn software to evaluate the
minimal distance between the root canal
lumen and the mesial and distal aspects of
the root canal surface. An automated
threshold was implemented for all the slices
to avoid manual errors23.

FEA Method
For the FEA, 1 single tooth element for each
group was numerically discretized. In
particular, the sample that showed the
worst results in terms of cervical dentin
removal, centroid shift, and remaining tooth
structure at the points of analysis was
selected. Specifically, the following
parameters were evaluated: D centroid shift,
D root canal volume, D cervical dentin
removal, and D remaining tooth structure at
the mesial and distal aspect of the analyzed
root canals. This method was selected due
to the possibility of analyzing the worst
scenario through FEM. The pre- and post-
shaping DICOM files for each selected
sample were used24. The files were
imported in the software Materialise Mimics
24.0 (Materialise NV, Leuven, Belgium) to
create STL files. Thanks to the different
radiodensities of the dental elements,
multiple pixel segments were created of the
different hard tissues in contrast with the
canal lumen. Considering that the aim was
to evaluate the distribution of the stresses at
the cervical root level, the coronal tooth
portion at the level of the furcation was
ean, SD)

PTN B4U PTU P

6 6 0.87 1.99 6 0.92 2.17 6 1.09 .21
5 6 3.05 15.09 6 2.67 16.21 6 2.17 .17
9 6 0.12 0.16 6 0.11 0.18 6 0.09 .29

ProTaper Ultimate Group.

The Influence of Taper on S
removed. Post-processing morphological
automatic operations were performed to
ensure the correct superimposition between
the different masks. Then, the obtained STL
files were imported into 3-Matic Medical
20.0 (Materialise NV) to perform a mesh
finishing process in which a decimation
process of the finite elements was carried
out and degenerated elements were
deleted. In addition, the holes created in the
solid were filled and the normal elements
were reoriented in the same direction as the
other elements, making the mesh suitable
for the volume of the created elements. The
2D element model was subsequently
converted into a tetrahedral mesh through
the software Altair Hyperworks (Altair
Engineering, Troy, MI, USA). The mean
number of elements and nodes of the finite
element models is reported in Table 1. For
each analyzed sample, the different tooth
tissues were analyzed with a linear elastic
material model.

A static analysis was carried out, all the
elements were considered to be isotropic, and
for each tissue a specific Young elasticity
modulus and Poisson coefficient were
established25,26. This represents the degree of
shrinking or dilating transversally in the
presence of a longitudinal monodirectional
stress.

A standard force of 200N (mean
chewing force) was applied perpendicular to
the roof surface at the level of the furcation floor
and evenly distributed. The analysis was
carried out recording the equivalent von Mises
stress distribution and the maximum shear
stress for each model, before and after
shaping at the points of analysis C, M, and A.
Moreover, the directions of the principal
tensions through the root surface were
analyzed pre- and post-shaping at the point of
analysis D.

Statistical Analysis
Data distribution was analyzed with the
Shapiro-Wilk normality test. Differences in
centroid shift and residual dentinal thickness at
the levels of analysis were analyzed through
the Mann-Whitney test and Bonferroni
correction (P , .05). One-way ANOVA and
post hoc Tukey-Kramer test (P , .05) were
used to analyze differences in root canal
volume and cervical dentinal volume. The
same analysis was used to evaluate the impact
of the instrumentation on the FEM stress
distribution (P , .05).
RESULTS

The mean curvature of the mesial root canals
was 33.43� in the different groups with no
tress Distribution and Shaping Outcomes 1479



TABLE 3 - Mean and Standard Deviation of Cervical Volume Differences Between Groups

Cervical dentin volume
differences (mm3) Mean SD P

ProTaper Gold (PG) 8.515 3.841 .007
ProTaper Next (PTN) 6.374 1.548 .09
B4U 4.480 2.445 .006
ProTaper Ultimate (PTU) 6.025 1.953 .11

Statistical significance indicated by P , .05.
statistically significant differences (P . 0.5).
There was no incidence of instrument fracture
during canal preparation. Canal volumes,
surface areas, and mean apical diameters at
baseline are presented in Table 2. The values
displayed preoperative homogeneity between
groups (P . .05).

3D Analysis
CDV differences between pre- and post-
shaping are presented in Table 3. The analysis
of the root canal cervical volumes displayed a
statistically higher dentinal removal for the PG
group (P 5 .007), whereas the group B4U
resulted in a lower amount of removed dentin
compared with the other techniques
(P 5 .006). No statistically significant
differences were noticed between the PTU and
PTN groups (P . .05).

2D Analysis
Results of the centroid shift in the ML and MB
canals are showed in Table 4. The analysis of
the centroid shift reported that in the point of
analysis C, the B4U group showed a lower
alteration of the original canal anatomy
(P5 .047). In the point of analysis M, the same
result was achieved by B4U (P 5 .023),
whereas the PG group displayed a significantly
higher centroid shift compared with the other
groups (P 5 .021). The other comparisons
were not significant.

The analysis of the remaining dentin
thicknesses at the distal root canal aspect
reported that at the point C, B4U showed
less removal of dentin (P 5 .009) and the
PG showed higher (P 5 .013) compared
with other groups. At the point of analysis D,
TABLE 4 - Centroid Shift (Mean, SD) at Coronal (C), Middle

Centroid shift (mm)

C

Mean SD

ProTaper Gold (PG) 0.136a 0.095
ProTaper Next (PTN) 0.168a 0.111
B4U 0.110b 0.104
ProTaper Ultimate
(PTU)

0.152a 0.111

Different superscript letters (a,b,c) in the same column indicate
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B4U appeared statistically more
conservative (P 5 .017). No differences
were noticed at the point of analysis M and
A (Table 5).

The analysis of the remaining dentin
thickness at the mesial root canal aspect
reported that at the point C, B4U seemed to
remove the least amount of dentin (P 5 .033),
whereas no differences were reported
between the other shaping techniques
(P . .05). The same trend was highlighted for
the point of analysis D (P 5 .021). At the point
M, PG removed a significantly higher amount
of dentin (P 5 .012) and B4U a lower amount
(P 5 .038). No differences were noticed at the
point of analysis A (Table 4).

Comparing the overall results between
ML and MV canals, the MV canals exited in a
significantly higher dentin removal through the
mesial root aspect in the points of analysis C
(P , .001) and D (P , .001). No other
differences were reported regarding 3D and
2D analyses.
FEM Analysis
The analysis of the pre- and postoperative
equivalent von Mises stress distribution in the
groups showed no statistical differences for
any shaping technique (P . .05). In the PG
group, a slight increase of the von Mises
stresses has been noticed at the point of
analysis C and M, where the dentin thickness
toward the distal root aspects is reduced
(P . .05) (Fig. 1). Similarly, the PTN group
showed an increase in the stress distribution
at the point of analysis M, even though not
statistically significant (P . .05) (Fig. 1). In the
groups PTU and B4U, no significant
(M), and Apical (A) Points of Analysis

M A

Mean SD Mean SD

0.132a 0.085 0.104a 0.079
0.081b 0.055 0.103a 0.082
0.069c 0.047 0.094a 0.062
0.129b 0.106 0.076a 0.045

significant differences between groups (P , .05).
differences between pre- and post-shaping
analyses were noticed (P . .05) (Fig. 1). The
vectors distribution of the shear forces has
been analyzed and no differences were
displayed for each group (P . .05) (Fig. 2). In
correspondence of the MB canal of the PG
model (P 5 .021) and the ML canal of the
PTN model (P 5 .04), the tensions
distribution showed significant increase,
indicating a slight weakening of the point of
analysis D (Fig. 2).
DISCUSSION

This study evaluated the influence of the
taper on the root canal centering ability and
fracture strength. The micro-CT analysis
reported an increased amount of removed
dentin tissue after shaping with instruments
with a higher taper; however, this aspect
should not influence the fracture strength of
the mesial root of the first mandibular
molars.

A traditional endodontic access seems
not to adversely affect residual tooth structures
and the overall outcome of endodontic
treatment6. Furthermore, excessive decrease
in the extent of the access cavity does not
always lead to mechanical and biological
benefits, especially when one or more tooth
walls have already been lost20. In particular,
especially in mandibular molars, an excessive
conservative endodontic access could lead to
a deterioration in the quality of shaping
procedures, leading to unnecessary bending
of the instruments and uneven distribution of
forces within the intra-canal dentinal
framework14.

Otherwise, the preservation of the CDV
is fundamental for the long-term outcome of
the endodontically treated teeth, and
excessive tissue removal could predispose
to a subsequent root fracture27-29.
Therefore, recently the endodontic NiTi
instruments are becoming even more
minimally invasive30. Moreover, the reduction
of operative time and the simplification of
the shaping sequences with respect to the
endodontic biological and mechanical
objectives are demanded30. However, there
is not agreement on the effect of the
preparation taper on the fracture resistance
of the mesial roots of the mandibular
molars.

Frequently, the mesial roots of the
mandibular molars are prone to fracture
because of their peculiar anatomy13,31. The
presence of a “danger zone” below the
furcation of the mandibular molars must be
considered during shaping13. Therefore, the
maintenance of an adequate sound tissue
JOE � Volume 51, Number 10, October 2025
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volume centered in the root canal is
requested to overcome procedural errors14.

The centering ability of the shaping
instruments is widely analyzed through
micro-CT scans9. The micro-CT analysis
represents a reproducible and
nondestructive method for the evaluation
of shaped root canals with shaping
instruments32. The alignment of the
datasets obtained by the volumetric
renderings allows the 3D analysis of the
canal volume and the 2D analysis of the
orthogonal root canal sections33,34.
However, this analysis does not provide
information about the fracture resistance
of the treated elements.

The FEM analysis allows for better
evaluation of internal stress distribution
and ensures standardization between
models compared with other methods.
However, the variability and complexity of
the canal anatomy cannot always be
correctly represented through a
mathematical model. Thus, it is possible to
perform an accurate analysis using data
from 3D scans of the instrumented dental
elements after the development of proper
digital image techniques35.

Multiple studies assess the risk of
fracture through FEM36. A structural failure
can occur when von Mises tension
exceeds the tooth resistance. In the FEM,
the site of maximum stress is the point
where cracks are most likely to be formed
due to excessive load concentration36.
The FEM analysis can simulate the effect
of shaping parameters of the mesial canals
in a scenario that tries to mimic the clinical
situation. Also, it overcomes some of the
ex vivo test limitations, such as the
standardization of the specimens,
avoiding possible variations in dentin
mechanical properties, storage time, and
tooth extraction forces. In the study of
Sathorn et al37, an FEA was carried out to
evaluate the distribution of stress on a
lower shaped incisor with different tapered
instruments and it was found that the
propagation of dentin cracks is
perpendicular to the surface where
maximum stress is located.

Although the coronal factor is
indicated as an important variable to be
considered for the stress propagation, the
effect of a low-tapered preparation on the
preservation of the periradicular dentin and
on the tooth fracture resistance is still
controversial. Since their introduction, NiTi
instruments have undergone remarkable
changes in the alloy characteristics,
especially by the mechanical and thermal
treatments during processing38. These
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features, combined with the different types of
movement, led to an increased maintenance of
the original anatomy and reduced
invasiveness38.

The ProTaper Gold technology includes
the same geometries as ProTaper Universal
with advanced metallurgies and increased
flexibility. ProTaper Next presented an off-
centered, rectangular cross-section with the
rotation axis that differs from the center of
mass9. ProTaper Ultimate maintained several
similarities compared with the previous
generations of ProTaper, with different NiTi
alloys, variable taper, and parallelogram cross
section to improve the instrument’s flexibility.
Otherwise, the design criteria of the B4U
showed different NiTi alloys, lower taper,
rhomboidal cross section, and variable helix
angles.

According to a previous study
published by Keles et al39, in this study the
results showed a remarkable preservation of
the cervical after shaping with a reduced
taper. Similarly, the root canals shaped with
PG showed a higher cervical tissue removal
and a greater dentinal preservation was
found in the B4U group. Therefore, the B4U
system seemed more conservative,
preserving a greater amount of dentin on the
mesial and distal root aspect at the level of
the coronal middle point and at the danger
zone.

The analysis of the displacement of
the centroid line also showed statistically
significant differences between groups. In
particular, the PG group showed a greater
shift at the point of analysis M. Otherwise,
B4U showed a higher centering ability both
in the coronal and middle root canal third.
These results could be related to a low-
tapered shape and to a greater flexibility of
the rhomboidal cross-section of these NiTi
files.

Analyzing the differences between ML
and MB canals, the latter showed a greater
decurtation of dentin tissue on the mesial side
at the points of analysis M and D. The 3D
anatomy of the coronal and middle third of the
MB canals suggests a more accentuated
difficulty during access and a higher risk of
coronal interferences13.

Although the samples shaped with high
tapered instruments underwent a greater
removal of the cervical dentin, there were no
significant variations in fracture resistance.
Therefore, a more aggressive shaping (taper
0.08) seemed not to be significant regarding
the root strength. Although the coronal factor
has been excluded from this study, it can be
concluded that the different types of
instrumentation do not reduce the resistance
of the tooth.
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FIGURE 1 – The analysis of the pre- and postoperative equivalent von Mises stress distribution in the coronal, middle, and apical third for the different groups. Blue color indicates
minimum stress and red indicates maximum stress (MPa scale). In the PG group, a slight increase of the von Mises stresses has been noticed at the point of analysis C and M (P. .05).
Similarly, the PTN group showed an increase in the stress distribution at the point of analysis M (P. .05) (arrows ). A1-A2: ProTaper Gold (taper 0.09). B1-B2: ProTaper Next (taper
0.06). C1-C2: B4U (taper 0.05). D1-D2: ProTaper Ultimate (taper 0.08).
The limits of this study include that
despite the dentin being anisotropic, all
simulated structures were considered to be
isotropic and homogeneous. Therefore, only a
FIGURE 2 – The analysis of the pre- and postoperative vector
are represented in red (MPa scale). In correspondence of the
distribution showed significant increase (arrows ). A1-A2: Pro
0.08).
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qualitative analysis of the data was performed.
Furthermore, the proposed FEM models
produced results only for a possible anatomical
situation, whereas the morphology and
distribution of the shear forces in the point of analysis D for the
mesio-buccal canal of the PG model (P 5 .021) and the mes
Taper Gold (taper 0.09). B1-B2: ProTaper Next (taper 0.06). C
curvature of the roots, the height of the root,
and other anatomical factors have influenced
the location and distribution of stress. Finally,
the presence of occlusal contacts and different
different groups. Vectors of the maximum principal stress
io-lingual canal of the PTN model (P5 .04), the tension
1-C2: B4U (taper 0.05). D1-D2: ProTaper Ultimate (taper
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physical-chemical dentinal properties could
influence tooth fracture resistance.

CONCLUSION

The reduction of the root canal taper may
improve the instruments’ centering ability and
the preservation of the residual dentin tissue,
especially in the coronal and middle third. The
root canal taper seems not to influence the
JOE � Volume 51, Number 10, October 2025
stress distribution pattern through the mesial
root of the lower molars.
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