ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 21(10): 3420-3425 (2025) ©Biomedical Informatics (2025)

OPEN ACCESS GOLD

a709 SS320V N3dO
OPEN ACCESS GOLD

OPEN ACCESS GOLD

IO www.bioinformation.net
INFORMATICS Volume 21(10)

Received October 1, 2025; Revised October 31, 2025; Accepted October 31, 2025, Published October 31, 2025

Research Article

DOI: 10.6026 /973206300213420
SJIF 2025 (Scientific Journal Impact Factor for 2025) = 8.478
2022 Impact Factor (2023 Clarivate Inc. release) is 1.9

Declaration on Publication Ethics:

The author’s state that they adhere with COPE guidelines on publishing ethics as described elsewhere at https://publicationethics.org/. The authors
also undertake that they are not associated with any other third party (governmental or non-governmental agencies) linking with any form of
unethical issues connecting to this publication. The authors also declare that they are not withholding any information that is misleading to the
publisher in regard to this article.

Declaration on official E-mail:
The corresponding author declares that lifetime official e-mail from their institution is not available for all authors

License statement:
This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
credited. This is distributed under the terms of the Creative Commons Attribution License

Comments from readers:
Articles published in BIOINFORMATION are open for relevant post publication comments and criticisms, which will be published immediately
linking to the original article without open access charges. Comments should be concise, coherent and critical in less than 1000 words.

Disclaimer:
Bioinformation provides a platform for scholarly communication of data and information to create knowledge in the Biological/Biomedical domain
after adequate peer/editorial reviews and editing entertaining revisions where required. The views and opinions expressed are those of the author(s)
and do not reflect the views or opinions of Bioinformation and (or) its publisher Biomedical Informatics. Biomedical Informatics remains neutral and
allows authors to specify their address and affiliation details including territory where required.
Edited by Vini Mehta

E-mail: vmehta@statsense.in

Citation: Bohra ef al. Bioinformation 21(10): 3420-3425 (2025)

Evaluation of fracture resistance among
endodontically treated teeth using constant, variable
and guiding taper endodontic file systems

Sonam Bohra, Gurudutt Nayak*, Maulsree Guleria, Drisya D. Nambiar, Ejaz Ahmed, Manahil
Qureshi & Simran Patil

Department of Conservative Dentistry and Endodontics, Mansarovar Dental College, Bhopal, Madhya Pradesh, India;
*Corresponding author

Affiliation URL:
https:/ /www.mansarovardentalcollege.com

3420


https://www.mansarovardentalcollege.com/

ISSN 0973-2063 (online) 0973-8894 (print)

Bioinformation 21(10): 3420-3425 (2025) ©Biomedical Informatics (2025)

Author contacts:

Sonam Bohra - E-mail: bohrasonam9@gmail.com
Gurudutt Nayak - E-mail: gurudutt_nayak@hotmail.com
Maulsree Guleria - E-mail: guleriamaulsree@gmail.com
Drisya D. Nambiar - E-mail: dr.drisya90@gmail.com
Ejaz Ahmed - E-mail: ejaz34834@gmail.com

Manahil Qureshi - E-mail: qureshi8435@gmail.com
Simran Patil - E-mail: shivanicods2015@gmail.com

Abstract:

Canal preparation is a critical step in endodontics because it involves removing a significant amount of dentin, which can weaken the
root structure and lead to vertical root fractures. Therefore, it is of interest to evaluate the effect of rotary files with constant, variable
and guiding tapers on the fracture resistance of endodontically treated teeth, as well as to assess the mode of fracture. Eighty freshly
extracted human mandibular premolars were decoronated, simulated for periodontal ligament, embedded in acrylic resin blocks and
subsequently instrumented using JIZAI, ProTaper Ultimate and XP-endo Rise systems. After obturation, fracture resistance was
tested with a universal testing machine. The results showed that among the experimental groups, XP-endo Rise had the highest
fracture resistance, which was statistically significant (p<0.05) compared to ProTaper Ultimate and JIZAI, indicating better

preservation of dentin.

Keywords: Fracture resistance, vertical root fracture, ProTaper Ultimate, XP-endo rise, JIZAL rotary file

Background:

The primary objective of endodontic treatment is to preserve
natural teeth's form and function by removing potential
infectious reservoirs through shaping, cleaning and sealing the
root canal, ensuring a fluid-tight seal [1]. In the ever-evolving
landscape of endodontics, the integrity and longevity of
endodontically treated teeth (ETT) are major concerns. The
strength of ETT is influenced by several predisposing factors,
including excessive loss of tooth structure due to caries, trauma,
access cavity preparation, dehydration of dentin with aging, the
effect of various rotary files during instrumentation, the impact
of different irrigating solutions and excessive pressure during
filing procedures [1, 2]. Rotary systems with increased taper
improve canal shaping and debridement but also remove more
dentin and increase the risk of vertical root fracture (VRF) [1, 3].
When the force acting on the tooth exceeds the intrinsic strength
of dentin, it leads to the formation of micro-cracking and craze
lines, which eventually predispose to VRF [3]. It can occur
before, during and after the root canal treatment [4]. It is the
most unfavorable outcome in ETT, often leading to poor
prognosis and inevitable extraction. But the taper is just a
puzzle. Instrument design, cross-sectional shape and metallurgy
also affect stress distribution on the tooth [5, 6]. To address this,
Nickel-Titanium (NiTi) instruments have evolved with advances
in cross-section, taper, metallurgy and kinematics [3, 5 and 6].
Concerning taper, there has been a paradigm shift, evolving
from variable to constant and even to thermally responsive
guiding tapers to improve efficiency and reduce procedural
complications. The JIZAI is a newly developed NiTi rotary
system by MANI, in Tochigi, Japan. This file system comprises a
JIZAI orifice opener (25/0.14), a JIZAI Glider (13/.04) and
shaping files of varying tip sizes, with a constant taper of .04 and
.06%. The files are manufactured from a proprietary heat-treated
NiTi alloy. Unlike conventional austenitic instruments, JIZAI
contains R-phase and/or martensite phase at room or body

. S
temperature [7]. Dentsply Sirona's ProTaper Ultimate, a
regressive taper file, builds on the legacy of the original
ProTaper series, using a combination of three heat-treated NiTi
alloys for M-Wire for the Slider (16/.02), Gold wire for the SX
(20/.03), Shaper(20/.04), F1(20/.07), F2(25/.08) and F3(30/.09)
files and Blue heat-treated wire for the FX (35/.12) and FXL
(50/.10) files [8]. The XP-endo Rise file, designed by FKG
Dentaire in Switzerland, is the latest addition to the XP-endo file
series. It consists of two files, XP-endo Glider (15/.04) and XP-
endo Rise Shaper (30/.04), both made of Max Wire technology
[9]. Therefore, it is of interest to contribute to the growing body
of literature on the effect of three distinct file systems with
unique design features that may influence dentin preservation
and fracture resistance of ETT, as well as the mode of fracture.
The null hypothesis was tested that there is no significant
difference in fracture resistance of ETT with these three file
systems.

Materials and Methods:

Sample size calculation and standardization:

The sample size was calculated using G*Power software
(version 3.1; Heinrich Heine University, Diisseldorf, Germany),
with an effect size of 0.3, an alpha error of 0.05 and a statistical
power of 80%. The calculation disclosed a total sample size for
this study to be 80, with 20 samples in each group (n=20). 80
freshly extracted mandibular premolars for periodontal reasons,
with a single straight root with a single patent canal and a
completely formed apex, were selected. Teeth with dental caries,
immature apices, resorption, any pre-existing cracks and
previous endodontic treatment were excluded from the study.
The samples were cleaned of adherent tissue tags and hard
deposits using hand scalers and stored in 0.1% thymol until use.
All the samples were decoronated using a diamond disc under
water cooling to obtain a standardized root length of 16+1 mm
from the anatomical apex. After sectioning, the working length
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(WL) was set by subtracting 1 mm short of the apex using a
dental operating microscope (DOM) at 20% magnification with
an ISO size #08 K-file visualized at the apical foramen.
Buccolingual (BL) and mesiodistal (MD) dimensions were
measured 7 mm from the apex, the cross-sectional area was
calculated and the weight was measured in grams (gm).
Samples were then evenly distributed into four groups (n=20)
based on their cross-sectional area and weight (Table 1). Each
root was wrapped in a single layer of aluminium foil and
invested vertically in a plastic mold with self-curing acrylic
resin, exposing 1mm coronally. Radiographs were taken to
ensure the vertical positioning of each root. If the roots diverged,
mounting was repeated. Subsequently, the aluminium foil was
removed and the space filled with additional silicon impression
material to simulate the periodontal ligament (PDL).

Root canal instrumentation:

Group 1: Control

The root served as control and no root canal treatment was
performed.

Group 2: JIZAI

All the roots were instrumented up to the WL using JIZAI rotary
files to size 30/.06, following the sequence 25/.04, followed by
30/.04 and thereafter by 30/.06 files in a gentle pecking motion
using crown-down single length technique at rotational speed of
500 rpm and torque 3 Ncm as per the manufacturer's
instructions.

Group 3: Protaper ultimate

All the roots were instrumented using ProTaper Ultimate rotary
files to size F3 beginning with Shaper (20/.04) file followed by
the finishing files in sequence of F1 (20/.07) followed by F2
(25/.08) and thereafter by F3 (30/.09) files to the WL in a
combination of brushing and pecking motions using crown-
down single length technique at rotational speed of 400 rpm &
torque 4 Ncm as per the manufacturer's instructions.

Group 4: XP-endo rise

All the roots were instrumented using an XP-endo Rise rotary
file to size 30/.04. To begin, the file was cooled using Roeko
Endo- Frost spray by Coltene-Whaledent, Langenau, Germany,
inducing a phase transformation into martensite and reducing
its taper to 30/.01. The instrument was then inserted into the
canal, where exposure to body temperature (35°C) triggered a
transition to the austenitic phase, causing the file to expand to its
intended shape of size 30/.04. Then the file was advanced into
the canal using five up-and-down long, gentle strokes to reach
the WL at a rotational speed of 800 rpm & torque 1 Ncm as per
the manufacturer's instructions. If the file failed to reach the WL
from the first 5 strokes, the canals were irrigated with 5 mL of
2.5% sodium hypochlorite (NaOCl) and the procedure was
repeated. Once the file reached the WL, 5 up-and-down
movements were made with the file to complete the procedure.
Each file was wused to prepare four canals. During
instrumentation, all files were lubricated with 17% ethylene

©Biomedical Informatics (2025)

diamine tetraacetic acid (EDTA) cream. Copious irrigation was
done using 2 ml of 2.5% NaOCI using a 30-gauge side-vented
needle in a syringe, between successive instrumentation. Finally,
the canals were flushed with 5 mL of 17 % EDTA and 5 mL of
2.5% NaOCl for 1 minute, followed by 5 mL of saline.
Subsequently, obturation was performed by single-cone and
EndoSequence bioceramic sealer by Brasseler, USA, using the
hydraulic condensation method. Then, the canals were sealed
with a temporary filling material. All procedures were
performed by a single operator to minimize variability and
ensure consistency. Then the samples were stored at 37°C and
100% humidity for 7 days in an incubator for maturation.

Fracture resistance testing:

All the prepared root samples were tested for fracture resistance
with a universal testing machine (UTM). The compressive load
was applied parallel to the long axis at the center of the root
canal orifice of each root with a conical stainless-steel rod of
Imm in diameter and 60° taper tips at a crosshead speed of
Imm/min (Figure 1). The maximum force required to fracture
each root was recorded in Newton (N) at the highest point of the
load displacement curve from where the drop occurred. In most
samples, this point was most often associated with an audible
sound of a crack. After that, all the samples were examined
under DOM at 20X magnification to record the mode of fracture,
either in BL, MD, or as a compound fracture in both directions
(Figure 2).

Figure 1: Fracture resistance testing in UTM

Figure 2: Mode of fracture a) BL, b) MD and ¢) Compound
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Statistical analysis:

Statistical analysis was performed using SPSS version 26.0 (IBM,
Chicago, IL, USA). The normality and homogeneity of variables,
which included the BL and MD diameter, cross-sectional area
and sample weights, were assessed using the Kolmogorov-
Smirnov test. One-way ANOVA was used to compare the means
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of these variables and fracture resistance among groups,
followed by Tukey’s HSD post hoc test for intergroup
comparisons. The chi-square test analyzed fracture modes. A p-
value< 0.05 was deemed statistically significant.

Table 1: Mean and standard deviation of BL-MD dimensions, cross-sectional area, weights and fracture loads of each group

Groups MD BL Cross-sectional area  Weight (gm)  Mean Load (N)
Group1a 3.70£0.49 5.80+0.76 22+4.67 0.44+.099 468+18.8
Group 26 3.8240.34  5.90+0.65 22+4.11 0.44+.098 343+20.8
Group 3¢ 3.69+0.42  5.76+0.58 22+5.72 0.43+.097 372426.2
Group 4b  4.2240.52  5.79+0.70 22+3.30 0.43+.095 415+27.9

Statistical significance is shown by values that have distinct superscript letters.

Results:

Based on the outcome of the fracture resistance test, the control
group exhibited the highest fracture resistance (468.00 + 18.81).
While in the experimental groups, XP-endo Rise showed the
highest fracture resistance (415.50 + 28.00), followed by ProTaper
Ultimate (372.00 £ 26.28) and the least fracture resistance was
exhibited by JIZAI (342.50 + 20.84) (Table 1). Among all the
groups tested, the result exhibited a statistically significant
difference (p<0.05). No significant differences in the mode of
fracture were observed among the 4 groups (p>0.05). In overall
distribution, BL fractures were the most prevalent across all
groups, accounting for 70% of cases, followed by MD fractures at
16.25% and compound fractures were less frequently observed,
at 13.75%.

Discussion:

Endodontic treatment aims to manage pulpal and periapical
diseases through shaping and cleaning [1]. However,
instrumentation can cause stress and lead to dentinal
microcracks, increasing the risk of VRF [3, 5]. VRF may originate
at any root level and progress either coronally or apically,
beginning at the buccal or lingual canal wall or extending to the
external root surface can be complete or incomplete, often
leading to BL fractures [10]. VRFs are multifactorial, influenced
by tooth anatomy, teeth with narrow mesiodistal and wide
buccolingual roots are more fracture-prone and by excessive
dentin removal during canal preparation [3, 11 and 12]. Nearly
30% of ETTs exhibit fractures within five years, due to over-
instrumentation [13] and approximately 10.9% are extracted due
to VRF [14]. Apart from taper, tip size [12], cross-sectional design
[5], type of alloy [6], kinematics of motion [13] and single or
multi-file system [15], play a major role in the fracture resistance
of the ETT. But the taper of the rotary file is crucial in
determining the amount of dentin removed during shaping,
potentially weakening the root [4, 12]. One can speculate that
NiTi files with a smaller taper result in less dentinal structure
loss and reduce the chance of VRF [16]. Hence, this study only
focused on the impact of taper on the fracture resistance of the
ETT. Moreover, it is indeed worth noting that the average biting
force in the premolar region is 206 - 291 N, significantly lower
than the fracture loads observed in most studies [4, 17]. This may
clarify why VRF did not occur in every ETT. Therefore, this
study aims to understand the effect of JIZAI, ProTaper Ultimate

and XP-endo Rise with constant, variable and guiding taper on
the fracture resistance of ETT. Rotary files with constant taper
increase in diameter uniformly, while files with variable taper
can increase, decrease, or alternate at different segments along
the file length [18]. Guiding taper files have an adaptive core
design made of Max-Wire alloy, allowing them to expand to
three times their core diameter when subjected to specific body
temperature [9]. This study focused on mandibular premolars as
they are more prone to fracture post-endodontic treatment due
to their thin dentinal walls and narrow MD dimensions [3]. Only
straight-rooted premolars were included in this study to ensure
standardized testing conditions, as root curvature can introduce
stress concentrations during instrumentation and filling
procedures [19]. Teeth were decoronated to a uniform root
length to eliminate variations in instrumentation depth and
obturation to ensure uniformity, reduce variability in force
distribution and focus on only root structure, as supported by
previous studies [16, 17 and 20]. Samples were stored in a 0.1%
thymol solution due to its antimicrobial properties and minimal
effect on dentin composition, while saline or purified water was
avoided due to potential mineral loss of dentin and lack of
antimicrobial properties [21]. A 2.5% NaOClI solution was used
in shaping and cleaning procedures due to its potential effect on
dentin. Higher concentrations of NaOCl solution significantly
decrease the elastic modulus and flexural strength of dentin,
whereas solutions of lower concentrations do not [22]. The study
uses a single layer of aluminium foil with silicone-based
elastomeric material to simulate the PDL, as the material
dissipates occlusal forces and prevents microcracks [23], which is
consistent with previous studies [20, 24]. In contrast, previous
research has suggested that elastomeric materials cannot
withstand compaction forces like natural ligaments, potentially
leading to pressure collapse [25]. Hence, some studies omitted
PDL simulation, while others used aluminium foil [2, 6] or
modelling wax of varying thicknesses to create PDL space [18, 20
and 24]. This also reflects the difference observed in the fracture
resistance among studies. A single-cone and bioceramic sealer
passive obturation technique was employed because it
minimizes mechanical stress on the canal walls and lowers the
chance of fracture formation [26]. Conversely, the cold lateral
compaction technique can introduce microcracks, especially in
roots with thin dentinal walls and thereby increase the risk of
VRE. Also, improper temperature control during warm vertical
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compaction of gutta-percha will cause the dentinal matrix to
collapse [27].

The present study revealed that the uninstrumented control
group had the highest fracture resistance (468.00+18.81N),
consistent with previous findings [3, 4]. This finding validates
that any intervention on dentinal walls tends to weaken the
tooth structure. Variations in fracture resistance across studies
may result from differences in tooth selection, dentin thickness,
aging, PDL simulation and testing protocols, including sample
size, storage conditions and mounting methods. All
instrumented groups exhibited reduced fracture resistance,
consistent with earlier reports [5, 12 and 13]. Among which, XP-
endo Rise showed the highest resistance (415.50 +28.00 N),
followed by ProTaper Ultimate (372.00 £26.28 N), while JIZAI
recorded the lowest (343.50 + 20.84 N). The post hoc comparison
using Tukey’s HSD test revealed statistically significant
differences in fracture resistance across all groups (p<0.05);
therefore, the null hypothesis was rejected, that following
shaping with rotary files of constant, variable and guiding taper
does not affect the fracture resistance of ETT. The XP-endo Rise,
an advanced version of the XP-endo Shaper, has demonstrated
the highest fracture resistance. This advanced system has a
modified tip with six facets instead of three and an adaptive core
design that begins shaping after a glide path of at least ISO 15,
with a taper increasing from.01 to .04, reaching a final canal
preparation of 30/.04. [9]. The superior performance of XP-endo
Rise is not only attributed to its lesser taper but also due to its
snake-shaped design and Max-Wire alloy metallurgy, which
offers high flexibility and reduces the mechanical stress on canal
walls, thereby decreasing the risk of crack initiation and
propagation [28]. To substantiate these findings, Moriya et al.
[29] analyzed stress distribution in simulated canals using the
XP-endo Shaper and XP-endo Rise using a quasi-3D dynamic
photoelastic method, finding no stress generation in the coronal
third with the XP-endo Rise, while both files produced moderate
stress in the middle and apical thirds. ProTaper Ultimate files
offer moderate fracture resistance compared to XP-endo Rise,
while JIZAI files exhibited the lowest. They have rhomboidal
cross-section beginning from D1 to D3 and evolve to an ever-
changing partially off-centred parallelogram form with acute
angles at different lengths of the instruments from D4 to D1eé.
This enables precise adjustment of each file segment’s cutting
efficiency based on the expected workload in certain areas. The
heat-treated gold wire and proprietary alternating offset
machining process enhance the file’s flexibility and reduce the
contact between the file and dentin, thereby minimizing the
cutting stress on dentin [30]. The Shaper of this system is a single
“super-shaper” file that combines the functions of S1 and S2 and
it is manufactured from 1.0 mm NiTi wire, compared to the
1.2mm wire of traditional ProTaper files. The file has a
minimally progressive taper over its active portion with cross-
sectional diameters at D0, D4, D8, D12 and D16 of 0.20 mm, 0.40
mm, 0.65 mm, 0.88 mm and 1.0 mm, respectively, which further
contributes to conservative dentin removal. The finishers are
specifically designed with a progressive taper from D1 to D3,
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which primarily focuses on the concept of deep shape for apical
cleaning and then taper regresses from D4 to D16. The Shaper
dominantly prepares the coronal two-thirds of a canal, whereas
the Finishers enlarge the apical third without over-preparing the
canal body, preserving coronal dentin. This design balances both
shaping efficiency and structural conservation, but moderate
dentin removal may reduce fracture resistance compared to XP-
endo Rise.

In contrast, the JIZAI system demonstrated the lowest fracture
resistance despite its sophisticated design of off-center quasi-
rectangular cross-section and sharp cutting edges [7]. The
aggressive cutting characteristics, although beneficial for
shaping efficiency, appear to remove more dentin and induce
stress on the canal walls. Besides this, the last file used in the
study was 30/.06 with a constant taper designed over its active
portion with cross-sectional diameters at DO, D4, D8, D12 and
D16 of 0.30mm, 0.54mm, 0.78mm, 1.02mm and 1.26 mm,
respectively. In comparison to the ProTaper Ultimate Shaper,
this file has a wider cross-sectional area, which is predominantly
responsible for uniformly widening the canal and reducing the
thickness of coronal dentin and may result in over-
instrumentation, especially in the cervical third and increasing
vulnerability to VRF. All the NiTi files in this study were used in
a continuous rotational motion to standardize the sample
preparation. There is a lack of direct comparisons between JIZAI
ProTaper Ultimate and XP-endo Rise File on the fracture
resistance of ETT. Microcrack formation is associated with VRF
[6] and Cigek et al. [20], also reported that rotary instruments
induce more microcracks due to higher dentinal strain.
However, no significant difference in fracture resistance exists
between teeth treated with rotary or reciprocation motion [6, 16].
Kim et al. [5] in their finite element analysis stated that greater
tapered files because increased stress on the canal walls, thus
decreasing the fracture resistance of ETT. However, some
studies have reported contradictory findings, suggesting that the
taper of the file does not significantly affect fracture resistance
[18, 31]. The study found that most ETT samples fractured in the
BL direction, followed by the MD direction, with compound
fractures less common. This aligns with previous findings, as
stresses were oriented more in the BL direction [20] regardless of
the thickness of the proximal dentin wall [11]. This study
provides valuable insights but has limitations due to its in vitro
conditions, like a lack of bone support, biological responses,
dynamic physiological stresses and motion of instrumentation. It
also neglects evaluation of factors like microcrack formation and
residual dentin thickness. Despite these limitations, the study
offers useful comparative data but has limited clinical relevance
and requires long-term in vivo studies for validation.

Conclusion:

This study provides novel insights, demonstrating that although
all rotary instrumentation systems reduce the fracture resistance
of ETT. XP-endo Rise preserves tooth strength significantly
better than JIZAI and ProTaper Ultimate. Thus, we show the
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importance of choosing file systems that not only shape canals
effectively but also preserve critical dentin.

References:

11

[2]
B3]

[4]

[5]
[6]

[71
[8]
9]
[10]
1]
[12]

[13]

Patel N et al. | Pharm Bioallied Sci. 2023 15:51123. [PMID:

37694010]
Tang W et al. ] Endod. 2010 36:609. [PMID: 20307732]

Aidasani GL et al. Indian | Dent Res. 2020 31:701. [PMID:

33433506]

Zandbiglari T et al. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2006 101:126. [PMID: 16360617]

Kim HC et al. ] Endod. 2010 36:1195. [PMID: 20630298]
Abou El Nasr & Abd El Kader. | Endod. 2014 40:849.
[PMID: 24862715]

Nakatsukasa T et al. Dent Mater ]. 2021 40:743. [PMID:
33518688]

Martins JNR et al. Int Endod ]. 2023 56:530. [PMID:
36508297]

Alkahtany SM et al. Int ] Dent. 2024 17:9412427. [PMID:
39720541]

Salihu B & Stavileci M. Med Sci Monit. 2024 30:e943100.
[PMID: 38402413]

Lertchirakarn V et al. | Endod. 2003 29:523. [PMID:
12929700]

Doganay Yildiz E et al. Aust Endod ]. 2021 47:67. [PMID:

33296118]

Pawar AM et al. | Conserv Dent. 2018 21:52. [PMID:
29628648]

B e

3425

[14]
[15]

[16]

[17]
[18]

[19]
[20]
[21]

[22]
[23]
[24]
[25]

[26]
[27]

[28]
[29]

[30]
[31]

©Biomedical Informatics (2025)

Fuss Z et al. Int. Endod. ]. 1999 32:283. [PMID: 10551119]
Singla M et al. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2010 109: €105. [PMID: 20219574]

Nassar S et al. | Pharm Bioallied Sci. 2022 14: S600. [PMID:
36110709]

Krikeli E et al. ] Endod. 2018 44:1407. [PMID: 30032861]
Shyma P et al. ] Conserv Dent Endod. 2023 26:429. [PMID:
37705541]

Sathorn C et al. ] Endod. 2005 31:288. [PMID: 15793386]
Cicek E et al. [ Endod. 2015 41:1682. [PMID: 26211563
Goodis HE et al. Arch Oral Biol. 1991 36:561. [PMID:
1781745]

Xu H et al. Int Endod ]. 2022 55:1091. [PMID: 35833329]
Storey E et al. Am | Orthod. 1973 63:292. [PMID: 4631333]
Bapna P et al. Cureus. 2023 15: e34247. [PMID: 36843773]
Soros C et al. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2008 106:64. [PMID: 18554957]

Jaha HS. Cureus. 202416: €62925. [PMID: 38912073]
Shemesh H et al. Int Endod ]. 2010 43:995. [PMID:
20722755]

FKG Dentaire SA. 2022. [https:/ /fkg.ch/xp-endo-rise/]
Moriya PT et al. Int Endod ]. 2023 56:1399. [PMID:
37566206]

Ibrahim HA et al. ] Endod. 2025 51:200. [PMID: 39617292]
Salem Milani A et al. Clin Exp Dent Res. 2022 8:1421.
[PMID: 36053566]



