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Abstract

The success of root canal treatment largely depends on the canal shaping procedure, which influences subsequent steps, ®
as cleaning, obturation, and sealing. The present study aimed to evaluate the canal-centering ability, dentin removal, and dentinal
crack incidence following root canal preparation with different rotary and reciprocating nickel-titanium file systems using cone
beam computed tomography (CBCT) and a stereomicroscope. Forty freshly extracted single-rooted human mandibular premolars
were selected and scanned preoperatively by CBCT (KAVO OP 3D Pro, Germany) to evaluate canal curvature. The samples were
then randomly distributed into 4 groups (n = 10): Group 1 — ProTaper Next (continuous rotary), Group 2 — MicroMega One RECI
(reciprocating), Group 3 — Race Evo (continuous rotary), and Group 4 — R-Motion (reciprocating). Root canals were prepared in
accordance with the respective manufacturer’s recommendations. Post-instrumentation CBCT scans were obtained to assess
canal centering and remaining dentin thickness at 3, 6, and 9mm from the apex. Root sections were also examined under a
stereomicroscope to assess dentinal cracks. The MicroMega One RECI (Group 2) demonstrated superior canal centering, with
mean ratios of 0.20 + 0.05, 0.18 + 0.04, and 0.17 £ 0.03 in the apical, middle, and coronal thirds, respectively. In contrast,
ProTaper Next (Group 1) showed the highest centering ratio (0.35 + 0.08 at 3mm), indicating greater deviation from the canal axis.
Reciprocating systems exhibited better dentin preservation and fewer dentinal cracks compared with continuous rotary systems.
Based on observations from this in vitro study, it can be concluded that the variations in design of file systems and motion patterns
critically determine the efficiency and safety of root canal shaping. Reciprocating and rotary motions show different effects on
canal centering, dentin removal, crack propagation, and the preservation of root integrity.

Abbreviations: CBCT = cone beam computed tomography, Cl = confidence interval, kVp = kilovoltage peak, mA = milliamperage,
mm = millimeter, MMOR = MicroMega One RECI, N-cm = newton centimeter, NiTi = nickel-titanium, PTN = ProTaper Next, RM =
R-Motion, rpm = revolutions per minute.

Keywords: canal centering, CBCT, dentin crack, remaining dentin thickness, rotary file

or technique is determined by its ability to shape all canal
surfaces uniformly, retaining the central axis of the prepared
canal with an unaltered canal, a factor extremely relevant in
curved canals.'! Some of the procedural errors that might
occur during canal preparation with stainless-steel hand files
include canal transportation, ledge formation, perforations,
straightening of curved canals, zipping, and even loss of work-

1. Introduction

Canal shaping is a critical step in endodontic therapy as it
influences subsequent procedures, such as irrigation and
obturation, and impacts the final treatment outcome.!!!
Instrumentation aims to develop a constantly tapering canal
that preserves the natural anatomic configuration, maintain-

ing a small apical foramen and preventing any deviation from
the original canal curvature.? The efficiency of an instrument
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The introduction of superelastic nickel-titanium (NiTi)
rotary instruments has considerably reduced these complica-
tions due to better maintenance of the natural canal curvature
and anatomy.?! These NiTi systems are specifically engineered
to operate under continuous rotational motion with controlled
torque and speed for more efficient cutting and more predict-
able shaping, especially in narrow or curved root canals.*!
Further to enhance the performance and durability of the
instrument, the use of a reciprocating motion was introduced.
It is a technique that involves alternating movements — a pri-
mary counterclockwise cutting rotation followed by a smaller
clockwise release. It reduces the mechanical stress on the
instrument; hence, it shows enhanced cyclic fatigue resistance
and reduced risk of canal deformation. Thus, the file advances
smoothly toward the apex.’! Mandibular first and second
premolars have similar morphology, with approximately
95% of first premolars and 98% of second premolars being
single-rooted. The canals are usually round or oval in these
premolars, with the geometry of the second premolar being
more consistent and straightforward than the first premolar.!®!

A crack in the root dentin is defined as a structural defect
involving a fracture line that extends from the internal canal
wall continuously to the external root surface. Dentinal cracks
or root fractures are developed when the tensile forces created
within the canal wall exceed the inherent tensile strength of the
dentin tissue.® The use of NiTi rotary instruments with larger
tapers increases frictional contact against the canal walls, pro-
ducing localized stress concentrations that may initiate or prop-
agate cracks within the dentin.”! Although NiTi rotary systems
have distinct advantages in terms of shaping efficiency, flexibil-
ity, and preservation of canal curvature, a number of investi-
gations have demonstrated that the use of these instruments is
still associated with the development of dentinal defects, such as
incomplete and complete crack lines during instrumentation.!**!
Such defects may further develop as microcracks, craze lines, or
even vertical root fractures depending on the magnitude and
direction of the root structure’s internal stress distribution.!'!!

Cone beam computed tomography (CBCT) is a reliable and
noninvasive imaging tool for assessing root canal morphology
and for the evaluation of shaping performed by endodontic
instruments. It allows 3-dimensional comparisons of the geom-
etry of the canal and dentin thickness before and after mechan-
ical preparation with high precision.!'%!2!

However, the combined use of CBCT and stereomicroscopic
analysis to compare root canal preparation outcomes across
different rotary systems, in both continuous and reciprocating
modes, remains underexplored.

Therefore, a clear need exists to determine which instrument
systems and motion kinematics provide optimal shaping per-
formance with minimal canal aberrations. This knowledge is
essential for guiding clinical decision-making and improving
endodontic treatment outcomes.

The objective of the present study was to evaluate the
canal-centering ability, dentin removal, and dentinal crack inci-
dence following root canal preparation using different rotary
and reciprocating NiTi file systems. CBCT and stereomicro-
scopic analyses were used in this study for observations.

1.1. Null hypothesis

There are no significant differences among rotary and reciprocat-
ing NiTi file systems regarding canal-centering ability, remain-
ing dentin thickness, dentinal crack formation, or the overall
volume of residual dentin following root canal preparation.

2. Materials and methods

This study was conducted at the College of Dentistry, King
Khalid University, Abha, Saudi Arabia, after obtaining ethical
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clearance from the Ethics Committee at the College of Dentistry,
King Khalid University, Abha, Saudi Arabia (IRB/KKUCOD/
ETH/2022-2023/002).

2.1. Sample size calculation

To ensure that the sample size would be statistically robust,
a power analysis using G*Power software version 3.1
(Germany), one-way analysis of variance, was used. The anal-
ysis was conducted with an expected effect size /= 0.25 (to
represent a medium effect that was based on previous end-
odontic studies), a (significance level) = 0.05, a target power
of 0.8, and 4 groups, indicating a total of 44 samples. To
ensure feasibility and maintain consistency with prior in vitro
research on rotary instrumentation, the study included a total
of 40 teeth, with 10 samples allocated to each group and 1
tooth in each group kept as an extra in case any defective
samples required replacement.

2.2. Sample selection and preparation

Forty freshly extracted human mandibular premolars with a
single root, obtained for orthodontic purposes, were randomly
selected for this study. Soft tissue remains, calculus, and other
debris were eliminated from all the teeth using ultrasonic scal-
ers. The samples were stored in 0.9% physiological saline to
keep them hydrated during this period until further use.

2.2.1. Inclusion criteria.

1. Intact mandibular premolar teeth extracted for ortho-
dontic reasons with a single root canal with a completely
formed apex

2. Age group between 17 and 25 years

3. Crown-root length of 14 mm after decoronation

2.2.2. Exclusion criteria.

1. Teeth with calcified canals

2. Severely curved canals more than 20 degrees
3. Multiple root canals

4. Any preexisting craze lines or cracks

Digital radiographs were taken using a long-cone paralleling
technique (Dentsply Sirona) in order to confirm canal curva-
ture. The angle of curvature and radius were measured using the
Schneider method."3! Only the teeth whose curvature angle did
not exceed 20° were considered.

The crowns of all teeth were sectioned at the cementoenamel
junction by means of a diamond disk (Hager & Meisinger,
Germany) under continuous water irrigation. All roots had a
standardized length of 14 mm. Each prepared root was mounted
vertically in a square acrylic resin block made of transparent, self-
cured resin. The dimensions of the blocks were 2.5 x 2.5 x 3cm,
allowing for easy handling and imaging alignment.

2.3. Initial CBCT scanning

Initial scanning by CBCT was done in order to record the base-
line geometry of the root canal. All scans were made with a
KAVO OP 3D Pro CBCT unit (Kavo Dental, Germany) at 90
kVp and 5 mA, with a voxel size of 0.08 mm. The specimens
were placed so that their long axes were perpendicular to the
beam axis, ensuring consistency in the scanning parameters.

2.4. Root canal preparation

The working length for each tooth was determined by placing a
size 10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) into
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Figure 1. MicroMega One RECI pre- and post-instrumentation CBCT scan. CBCT = cone beam computed tomography.

the canal until the file tip could be seen at the apical foramen.
One millimeter was subtracted from this measurement to deter-
mine the final working length. Specimens were then randomly
distributed into 4 experimental groups (n = 10 per group), each
subjected to canal preparation with a different NiTi rotary or
reciprocating file system, as follows:

e Group 1: Instrumentation with ProTaper Next (PTN)
(Dentsply Sirona) up to size X2 using continuous rotary
motion at 300rpm and 2 Newton centimeter (N-cm)
torque.

* Group 2: Instrumentation with MicroMega One RECI
(MMOR) files up to size 25 using a reciprocating motion
at 400 rpm and 1.2 N-cm torque.

* Group 3: Instrumentation with Race Evo RE3 (FKG
Dentaire) up to size 30 with 6% taper in continuous rota-
tion at 800 rpm and 1.5 N-cm torque.

* Group 4: Instrumentation with R-Motion (RM) files up to
size 25 using reciprocating motion at 300 rpm and 5 N-cm
torque.

For every group, 3mL of 5.25% sodium hypochlorite was admin-
istered via syringe irrigation between each file use. One milliliter
of 15% ethylenediaminetetraacetic acid was used for 1 minute
after root canal instrumentation was finished, and the canals were
then flushed once more with 3 mL of sodium hypochlorite.

Following completion of the canal preparation, a second
CBCT scan was made using the same imaging parameters (90
kVp, 5 mA, voxel size 0.08 mm, field of view 5 x 5 cm, exposure
time 3.6 seconds). Images were taken at 3 standardized levels
along the root: 3 (apical third), 6 (middle third), and 9 mm (cer-
vical third) from the apex.

2.5. Evaluation of canal-centering ability

The centering ability of the canal was evaluated by comparing
the pre- and post-instrumentation CBCT images. All the mea-
surements were made from the shortest distance between the
outer root surface and the canal wall at the mesial and distal

aspects before and after instrumentation. The following param-
eters were measured:

¢ A1: Distance from mesial root surface to uninstrumented
canal wall.

e B1: Distance from distal root surface to uninstrumented
canal wall.

e A2: Distance from mesial root surface to instrumented
canal wall.

e B2: Distance from distal root surface to instrumented canal
wall.

Canal centering was calculated according to the method
described by Gambill et al'**! using the formula:

(B1 — By)

(A —Ay) " o
1 — 42

(B1 — B2)

Centering ratio =

A ratio approaching 1.0 indicates superior centering ability.

2.6. Assessment of dentin removal

Pre- and post-instrumentation canal volumes were deter-
mined using ITK-SNAP 3D imaging software (University of
Pennsylvania, Philadelphia). The amount of dentin removed
during preparation was found by the difference between these 2
values: post-instrumented volume minus pre-instrumented vol-
ume in cubic millimeters (mm?).

2.7. Dentinal crack evaluation

After instrumentation, the roots were sectioned perpendicular to
their long axis at 3, 6,and 9 mm from the apex using a diamond disk
(Hager & Meisinger, Germany) under continuous water cooling.

2.7.1. Interobserver calibration.
2.7.1.1. Number of cases used for calibration. Two examiners
jointly calibrated their assessments using 10 representative root
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Figure 2. R-Motion pre- and post-instrumentation CBCT scan. CBCT = cone beam computed tomography.

sections (not included in the final analysis), each comprising 3
levels (3, 6, and 9mm), resulting in a total of 30 calibration
images.

2.7.1.2. Total number of observations for kappa
calculation. For the main study, dentinal defects were
evaluated at 3 levels (3, 6, and 9 mm) in all 40 teeth, yielding
120 sections. Each section was independently scored by
both observers, resulting in 120 paired observations for the
presence/absence analysis and 120 paired observations for the
3-category classification.

2.7.1.3. Type of kappa. We used Cohen simple kappa for the
dichotomous assessment (presence vs absence of any radicular
dentinal defect) and weighted Cohen kappa (ordinal weighting)
for the 3-category classification (no fracture, partial fracture,
complete fracture).

2.7.1.4. Kappa values and 95% confidence intervals
(Cl). Presence/absence of defects, k=0.82 (95% CI: 0.74-
0.90), indicating excellent agreement. Three-category
classification, x = 0.71 (95% CI: 0.62-0.80), indicating good
agreement.

2.7.1.5. Statistical software. All kappa analyses were
conducted using SPSS version 24.0 (IBM Corp., Chicago),
consistent with the software used for the other statistical
analyses in the study.

Each section was then observed under a stereomicroscope
(Zeiss, Germany) at 25x magnification, and images were taken
for evaluation. The sections were evaluated by 2 independent
observers for the presence of dentinal defects; the defects were
classified as:

1. No fracture: Absence of visible cracks or craze lines in
both the internal and external root surfaces.

2. Partial fracture: A crack originating from the canal wall
that does not extend to the external root surface.

3. Complete fracture: A crack line propagating from the
canal lumen through to the external surface of the
root.

2.8. Statistical analysis

The data collected were compiled and analyzed using SPSS version
24 (IBM Corp., Chicago). The results regarding canal-centering
ratio and dentin removal were expressed as mean and SD. One-
way analysis of variance was followed by Tukey’s post hoc
test to detect any statistically significant differences among the
experimental groups. The level of significance was set at P < .05.

3. Results

The root canals, which were instrumented using reciprocating
motion, exhibited better centering ratios at all levels, particu-
larly Group 2, which had the lowest deviation values, indicating
superior performance in maintaining the canal axis, followed
by Group 4, which also showed a good centering ratio (Figs. 1
and 2).

The lowest centering ratio values, which indicate better canal
centering, were observed in Group 2 (MMOR), with mean ratios
of 0.20 = 0.05, 0.18 = 0.04, and 0.17 = 0.03 in the apical, mid-
dle, and coronal thirds, respectively. In contrast, Groups 1 and
3, which were instrumented using continuous rotational motion
(PTN and Race Evo; Figs. 3 and 4), exhibited the highest center-
ing ratio values at all levels, with mean ratios of 0.35 = 0.08 at
3 mm, indicating more deviation from the canal center (Table 1).

Reciprocating systems preserved more dentin, with Group 2
showing the highest thickness at all levels. Group 1 showed the
thinnest residual dentin, especially in the apical third (Table 2).

Complete cracks were observed in Groups 1 and 3 (Figs. 5
and 6), with a higher frequency at the apical level, whereas root
canals prepared under reciprocating motion (Groups 2 and 4;
Figs. 7 and 8) showed minimal or no complete cracks, indicating
safer biomechanical preparation (Table 3).

Comparison of centering ratios vertically shows Group 2’s
superior centering ability across apical to coronal thirds, with
ratios consistently closer to 0.2. Group 1 had the highest devia-
tion from the central axis (Fig. 9).

The volumetric comparison between pre- and post-
instrumentation CBCT images revealed that the reciprocat-
ing systems (Group 2 and Group 4) removed significantly
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Figure 3. Pro-taper pre- and post-instrumentation CBCT scan. CBCT = cone beam computed tomography.
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Figure 4. Race Evo pre- and post-instrumentation CBCT scan. CBCT = cone beam computed tomography.

less dentin compared with continuous rotary systems. Group
2 (MMOR) demonstrated the lowest net dentin removal
(5.3mm’), indicating a conservative shaping approach. In
contrast, Groups 1 and 3 (PTN and Race Evo) showed higher
dentin removal (7.0 mm?), suggesting a more aggressive cutting
action (Fig. 10).

When analyzed cumulatively across all 3 root levels (Fig. 11),
Group 2 (MMOR) and Group 4 (RM) demonstrated the high-
est percentages of specimens with no cracks (72% and 70%,

respectively), while Group 1 (PTN) showed the highest inci-
dence of complete cracks (7%).

Interobserver agreement for the presence or absence of
radicular dentinal defects was excellent (x =0.82), whereas
agreement for the 3-category fracture classification was good
(k=0.71).

The findings from this study led to the rejection of the null
hypothesis, as there were significant differences among the
groups in terms of canal-centering ability, remaining dentin
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Canal-centering ability at the apical, middle, and coronal third.

Group File system Motion type Apical third (3mm) Middle third (6 mm) Coronal third (9mm)
1 ProTaper Next Continuous 0.35+0.08 0.30 £ 0.07 0.28 + 0.06

2 MicroMega One RECI Reciprocating 0.20 £ 0.05 018 +0.04 0.17 £0.03

3 Race Evo Continuous 0.32 £ 0.07 0.29 = 0.06 0.27 £ 0.05

4 R-Motion Reciprocating 0.22 + 0.06 0.19+0.05 0.18 £ 0.04
Remaining dentin thickness (mean = SD).

Group File system Motion type Apical third (3 mm) Middle third (6 mm) Coronal third (9 mm)
1 ProTaper Next Continuous 0.65+0.10 0.80 +0.12 1.00 £ 0.15

2 MicroMega One RECI Reciprocating 0.75+0.09 0.90 + 0.11 110+ 0.14

3 Race Evo Continuous 0.68 +0.11 0.85+0.13 1.05+0.16

4 R-Motion Reciprocating 0.73+0.10 0.88 +0.12 1.08 +£0.15

SD = standard deviation.

Group 1:Dentinal Cracks at 3 root levels by Protaper next

Figure 5. Dentinal cracks at 3 root levels by ProTaper Next.

Apical 31

Group 3:Dentinal Cracks at 3 root levels by Race evo

Coronal 3rd

Figure 6. Dentinal cracks at 3 root levels by Race Evo.

Middle 3™

Apical 3'de

thickness, and dentinal crack formation when various rotary
and reciprocating file systems were used.

4. Discussion

The preservation of the natural curvature and original config-
uration of the root canal system is a fundamental principle in
endodontic therapy. Endodontic file systems, therefore, should be
designed to respect the inherent morphology of the canal. Proper
centering of the instrument minimizes the removal of unnecessary
dentin from 1 side of the canal wall and prevents common iatro-
genic errors like ledge formation, zipping, or canal perforation.!

Although rotary NiTi instruments have improved the effi-
ciency and predictability of canal preparation, variations in
instrument design and motion kinematics — specifically continu-
ous rotation and reciprocating motion — may influence shaping
ability, canal transportation, centering ability, and incidence of
procedural errors.!!

Recent advances in rotary NiTi file systems have created a
paradigm shift in root canal therapy. Thus, it is vital to eval-
uate the efficiency of newly manufactured root canal-shaping
systems using different parameters.

This study evaluated the canal-centering ability, amount of
dentin removal, and dentinal crack formation following root
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Group 2: Dentinal Cracks at 3 root levels by Micro Mega Reci One

Apical 3

Coronal 3

Figure 7. Dentinal cracks at 3 root levels by MicroMega One RECI.

Middle 3

Group 4: Dentinal Cracks at 3 root levels by R Motion

Coronal 3™

Figure 8. Dentinal cracks at 3 root levels by R-Motion.

Middle 3 Apical 3

Incidence of dentinal crack formation at different root levels.

Group File system Level from apex No cracks (%) Craze lines (%) Partial cracks (%) Complete cracks (%)
1 ProTaper Next 3mm 30 25 30 15
6 mm 40 30 25 5
9mm 50 30 20 0
2 MicroMega One RECI 3mm 60 25 15 0
6 mm 70 20 10 0
9mm 80 15 5 0
3 Race Evo 3mm 35 30 25 10
6 mm 45 30 20 5
9mm 55 25 20 0
4 R-Motion 3 mm 65 20 15 0
6 mm 70 20 10 0
9mm 75 20 5 0

canal preparation using different rotary file systems in continu-
ous and reciprocating motions.

Single-canal mandibular premolars with an apical curvature
of <20degrees were used in this study. An advantage in using
such teeth is that they are frequently extracted for orthodontic
reasons and thus are relatively easily available for study pur-
poses.l” In addition, they assure uniformity in anatomy, provide
a reasonable level of difficulty that is clinically relevant, reduce
the number of complicating variables, improve internal validity
and reproducibility, and hence enable instrumentation systems
to be fairly compared.

In the present study, CBCT was chosen as the main evalua-
tion tool because of its higher spatial resolution, better measure-
ment accuracy, and lower radiation dose compared with other
imaging methods. The canal-centering ability was evaluated at

3 standardized levels along the root: the apical (3mm), middle
(6mm), and coronal (9mm), using the calculations of the cen-
tering ratio derived from the CBCT-based assessments of canal
transportation.

Among the tested groups, MMOR (Group 2) consistently
demonstrated the best centering ability, with the lowest mean
deviation values across all 3 levels. This was closely followed by
RM (Group 4), another reciprocating system. In contrast, PTN
(Group 1) and Race Evo (Group 3), both rotary file systems
used in continuous motion, showed significantly higher center-
ing ratios, indicating greater canal deviation.

The superior performance of the MMOR reciprocating file
system may be attributed to its unique design features, such as
off-center cross-sections and progressive tapering at the apical
section, which together enhance centric engagement with the
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Figure 10. Volumetric comparison between pre- and post-instrumentation CBCT images. CBCT = cone beam computed tomography, SD = standard deviation.

canal walls. In addition, the variable and asymmetrical section
of the MMOR reciprocating file system might enhance cutting
efficiency and debris clearance, potentially facilitating better
canal centering during the procedure. The shaping ability of this
reciprocating file system in preparation of complex canals has
been subject to several studies,!">" highlighting its effectiveness
in maintaining original canal anatomy.

The findings of our results reinforce the concept that recip-
rocating systems exert reduced torsional stress on canal walls,
allowing the file to better follow the natural curvature of the
canal.?®2!! Our results are in agreement with Jainaen et al??!
and Grande et al,*¥! who stated that reciprocating rotary files
preserve the original canal curvatures better when compared
with continuous motion. This advantage can be attributed to
the file’s reciprocating motion. A substantial counterclockwise
rotation angle governs the instrument’s progression within
the canal and its interaction with dentin for cutting, whilst a
smaller clockwise angle enables prompt disengagement and
secure navigation along the canal trajectory to maintain its
curvature.

The advantages of reciprocating motion are based on the
principles of physics relevant to root canal preparation, result-
ing in a technique defined by balanced force.

RM rotary files used in reciprocating motion also performed
better in our study in maintaining canal-centering ability, which
could be attributed to their thinner core size, sharper cutting
edges, enhanced file tips, rounded triangular cross-sections, and
flexibility. Because of this, root canal wall dentin is preserved,
and the dentin itself experiences less stress; hence, it is capable
of improving canal shape with better canal-centering ability.!*!
These results are supported by studies by AlSulaiman et al and
Islam et al, who have also supported the fact that RM files lead
to better canal-centering ability and less dentin removal.?*23

In the present study, PTN and Race Evo rotary files in contin-
uous motion showed less canal-centering ability compared with
the reciprocating rotary files, indicating deviation from the nor-
mal canal curvature. This could be due to their offset rectangular
cross-section design, resulting in a swaggering motion of PTN and,
hence, non-centered canal preparations. It can also be attributed
to PTN’s variable taper of the cutting blade along its length. It has
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Figure 11. Cumulative crack type distribution by instrument group. SD = standard deviation.

been established that instruments with constant apical inclination
demonstrate superior centering ability compared with those with
variable taper along the blade because this inclination increases
stiffness and decreases file flexibility and can lead to canal trans-
portation.?>?” Our results are in accordance with Tonetto et al,
who in their study concluded that the PTN instrument achieved
the worst ratio values at levels 2 and 3 in the outer part of the
curvature, demonstrating this instrument’s tendency to produce
greater wear on the apical portion of the canal.l?®!

The amount of remaining dentin thickness and the presence
of dentinal cracks after canal preparation using 4 rotary NiTi
systems used in continuous and reciprocating motion were also
evaluated in this study. The findings in our results suggest that
the reciprocating systems showed better dentin preservation
and less incidence of cracks as compared with rotary systems.
Among all groups, the samples instrumented with the recip-
rocating file, Group 2 (MMOR), showed the highest dentin
thickness in all levels considered, followed by Group 4 (RM),
while Group 3 (Race Evo) and Group 1 (PTN) showed the least
remaining dentin, especially within the apical third. The quan-
titative measure showed that the reciprocating MMOR system
had mean dentin thicknesses of 0.75 + 0.09mm in the apical
third, 0.90 + 0.11 mm in the middle third, and 1.10 + 0.14 mm
in the coronal third. The PTN system from Group 1, on the
other hand, had more aggressive cutting behavior and thus
thinner remaining dentin: 0.65 = 0.10mm, 0.80 = 0.12 mm, and
1.00 = 0.15 mm, respectively.

The reason for excess dentin removal by PTN is believed
to be due to its characteristics, which may be explained by its
unique offset design that contributes to its 2-point contact with
the canal wall and swaggering motion in root canals.?’! A study
by Van der Vyver et al and Huang et al further supports the fact
that PTN rotary files resulted in more dentin removal by virtue
of the fact that the “envelope of motion” of PTN instruments
causes them to extract more dentin from the outer surface than
other files.13%31

Among the rotary systems in continuous motion examined,
the PTN (Group 1) induced the highest rate of dentinal cracks
in most of the samples. This could be explained by the increased
stress concentration occurring in the curved mid-root area and
by the file’s offset rectangular design, which induces a character-
istic swaying or “snake-like” motion during operation.*! Such a
movement pattern increases the envelope of canal contact com-
pared with instruments that have symmetric mass and an axis

of rotation; this may lead to excessive removal of dentin and
increase the risk of structural defects in the form of dentinal
cracks.3>331 The observation of the present study is in accor-
dance with Capar et al, who reported the incidence of dentinal
crack formation after instrumentation with the PTN X2 file.
Also, the results are consistent with the findings reported by
Nagy and Fahmy, who stated that because of higher levels of
stress concentrations in root canal walls created by PTN files,
it can lead to crack formation,*¥ and by Cirakoglu and Ozbay,
who concluded that PTN file leads to a mechanical wave of
motion similar to the oscillation. This causes cutting off a bigger
envelope of motion compared with other files with the same size
but having a symmetrical mass and axis of rotation.”®’!

5. Conclusion

Based on observations from this in vitro study, it can be con-
cluded that the variations in the design of file systems and
motion patterns critically determine the efficiency and safety
of root canal shaping. Reciprocating and rotary motions show
different effects on canal centering, dentin removal, crack prop-
agation, and the preservation of root integrity.

5.1. Limitations of the study

1. Straight canals only: Only mandibular premolars with
mild canal curvature were selected. The performance of
these systems in moderate to severely curved canals was
not evaluated.

2. Sample size: The study was limited to 40 teeth. A larger
sample may enhance the statistical power of the findings.

3. Short-term assessment: Long-term consequences, such as
crack propagation, obturation integrity, or restoration
compatibility, were not studied.

4. No CF testing: Instrument longevity and fracture resis-
tance were not assessed, which are also critical to clinical
decision-making.
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