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Abstract

Maintaining the original root canal anatomy during shaping is crucial to prevent procedural errors, such as canal
transportation and ledge formation. The development of heat-treated blue NiTi instruments can improve
flexibility, resistance to cyclic fatigue, and the ability to maintain root canal curvature. This study aimed to
evaluate the effect of glide path (GP) on canal centering and canal transportation using a single-file system of blue
NiTi with a conventional S-shaped cross-section design (AF S) and a flat design (AF F). Forty J-shaped canal
simulation resin blocks were randomly divided into four groups: AF F+GP, AF F, AF S+GP, and AF S (n =10
each group). In the group using the glide path (AF F+GP and AF S+GP), ProGlider #16.02 was used before
instrumentation. Pre- and post-instrumentation images were analyzed using Adobe Photoshop CS6 software to
measure canal centering and transportation at the apical, middle, and coronal thirds. Data were analyzed using
one-way ANOVA and Tukey’s post hoc test (p<0.05). Significant differences were found in canal centering and
canal transportation in the apical and middle thirds (p<0.05), while no significant differences were found in the
coronal third (p>0.05). The use of a glide path significantly improved centering ability and reduced transportation.
Furthermore, the flat design of the Blue NiTi single-file system demonstrated better centering ability and reduced
canal transportation than conventional S-shaped systems. All systems could shape curved simulated root canals
without iatrogenic error.

Keywords: Canal centering; canal transportation; glide path; flat design

INTRODUCTION result in over-preparation, dentin walls

The endodontic triad consists of
cleaning and shaping, disinfection, and
obturation of the root canal system.!
Among these, cleaning and shaping
represent critical steps because they
facilitate effective disinfection and enable
three-dimensional obturation.>® The ideal
outcome of biomechanical preparation is a
tapered canal following the original
anatomy. It is often challenging to achieve
this due to anatomical variations in teeth,
especially in curved root canals. The nature
of the instrument tends to return to its
straight shape, which can cause canal
transportation and decreased centering
ability.* Inadequate root canal shaping can

* Corresponding author, email: tien.s@trisakti.ac.id

thinning, microcrack formation, or even
strip perforation.’

Introduction  of nickel-titanium
(NiTi) alloys in the late 1980s
revolutionized endodontics, as these files
were 2—3 times more flexible than stainless
steel, better preserved canal anatomy and
provided safer instrumentation.® Although
conventional NiT1 instruments have various
advantages, they still show some
limitations, such as shape memory effect,
decreased fatigue resistance, and a
tendency to fracture.”® To overcome those
limitations, heat-treated NiTi alloys have
been developed to increase durability,
resistance to cyclic fatigue, and the ability
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to adapt to root canal curvature.’ Blue NiTi
instruments, manufactured at 500 °C and
coated with a titanium oxide layer of 60—80
nm thickness, demonstrated superior canal
centering compared with gold
treatment.'%!!

More recently, flat-design blue NiTi
instruments were introduced, with a
modified S-shaped cross-section and a flat
surface to reduce torsional stress, minimize
metal mass, and enhance flexibility and
resistance to cyclic fatigue.!? The flat-
design  single-file system improves
centering ability and reduces canal
transportation compared with conventional
single-file systems.!?

In addition to instrument design,
shaping systems are classified into
multiple-file and single-file systems.'
Single-file  systems  offer  shorter
preparation times up to 40% less—while
providing similar shaping ability compared
with multiple-file systems.!>!® However,
controversy persists regarding the necessity
of preparing a glide path. While some
studies demonstrated that glide path
creation reduced canal transportation and
improved centering ability!’, other reports
showed no significant influence. !

Given the pros and cons of the glide
path and maintaining the original canal
anatomy, further research is needed.
Therefore, this study evaluated the effect of
glide path preparation on canal centering
and transportation using heat-treated blue
NiTi rotary single-file systems with both
conventional and flat designs. To our
knowledge, no study has directly compared
the effect of glide path creation between
these two blue NiTi single-beam systems,
thus confirming this study's novelty and
clinical relevance.

MATERIALS AND METHOD

Forty simulated J-shaped
root canals in resin blocks (ISO #10, 0.02
taper; REF: BDDBLCO0A30010, Endo
Training  Block, Dentsply  Sirona,
Ballaigues, Switzerland) with a 40°

curvature and a working length of 16 mm
were used in this study. All resin blocks
were pre-fabricated with a standardized 40°
canal curvature according to the
manufacturer’s specifications. To make
sure the consistency, the curvature of each
canal was verified prior to instrumentation
using Schneider’s method based on pre-
instrumentation images. Canal patency was
confirmed using a #10 K-file (Dentsply
Maillefer, Ballaigues, Switzerland). The
samples were stained with Methylene blue
(MB, CI 52015, from Merck KGaA,
Darmstadt, Germany). Images of the
samples before instrumentation were
captured with a camera (Sony Mirrorless
AT7II, Sony, Tokyo, Japan), mounted in a
standard setup using a metal holder to
stabilize the blocks. Then, all the samples
were randomly divided into four
experimental groups.

Experimental groups and shaping
procedures:

Two types of NiTi rotary files were
used in this study: AF Blue F One and AF
Blue S One (Fanta Dental, Shanghai,
China). In the groups with glide path
preparation, ProGlider (PG) #16.02
(Dentsply Sirona, Ballaigues, Switzerland)
was used before shaping. All groups were
prepared using the same standardized
simulated canals. Samples were assigned
into 4 equal groups (n = 10), as detailed
below:

1) Group 1 (AF F + GP): Glide path
prepared with ProGlider, followed
by shaping with AF Blue F One.

2) Group 2 (AF F): Prepared with AF
Blue F One without glide path
preparation.

3) Group 3 (AF S + GP): Glide path
prepared with ProGlider, followed
by shaping with AF Blue S One.

4) Group 4 (AF S): Prepared with AF
Blue S One without glide path

preparation.

Each simulated canal was prepared
using a new single-use instrument. All
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instruments were operated wusing an
endodontic motor (X-smart Plus, Dentsply
Sirona, Ballaigues, Switzerland). Irrigation
was performed using 3 mL of distilled
water delivered through a 30-gauge side-
vented needle during instrumentation to
ensure standardization and debris removal.
Analysis of centering ability and canal
transportation

Adobe Photoshop CS6 software
(Adobe Systems Inc., USA) was used to
identify nine reference points (levels) along
the length of the simulated J-shaped canals
(Figure 1). The reference points identified
in the pre- and post-instrumentation images
were combined and  superimposed.
Measurements were performed using
concentric circles at 1-mm intervals, and
perpendicular lines were drawn from the
prepared surface to establish the
measurement points. Point A represented
the most apical level, whereas point I
represented the most coronal level. Image
contrast, color, and sharpness were
adjusted, and measurements were taken to
assess differences in the inner and outer
canal walls at each reference line after
preparation. The canal widths were
measured at the 3-, 5-, and 7-mm levels of
the simulated canals both before and after
instrumentation.  Canal  transportation
values were calculated by subtracting the
amount of resin removed from the inner
aspect from that removed from the outer
aspect. At the same time, canal centering
was also analyzed for each group.

For canal centering, the calculation
was performed using the following
formula: X1/X2 or X2/X1. X1 represented
the amount of resin removed from the inner
wall, and X2 represented the amount
removed from the outer wall. The ratio was
obtained by dividing the smaller resin
removal value by the larger one for each
canal aspect’® A value of I represented
perfect centering, whereas 0 indicated
complete deviation from the canal center.?!

Canal transportation was calculated
using the formula (X1-X2). A positive
value indicated transportation toward the
inner wall of the root canal, whereas a

negative value indicated transportation
1.22

toward the outer wal

Figure 1. Pre- and post-instrumentation images
were superimposed, and measurements were taken

Simulated J-shaped canal showing nine reference
levels (A-I) at I-mm intervals, from apical (A) to
coronal (I). Measurements were performed at three
reference points—D, F, and H—3 mm, 5 mm, and 7
mm from the apex, respectively, to determine the
amount of resin removal. X1 represents the amount
of resin removed from the inner wall, and X2
represents the amount removed from the outer wall.

Statistical Analysis

Statistical software (SPSS for Mac,
Version 26.0, Chicago, USA) was used to
analyze the statistical data. Levene's test
was used to assess homogeneity of
variance, and the Shapiro-Wilk test was
used to assess normality. The analysis
results showed that the data were normally
distributed and had homogeneous variance.
Therefore, the analysis continued with a
one-way ANOVA and Tukey's post hoc
test. The significance level for all statistical
tests was p<0.05.

RESULTS

The results demonstrated that canal
centering and canal transportation varied
with the level of instrumentation. In the
apical and middle thirds, statistically
significant differences were observed



Insisiva Dental Journal: Majalah Kedokteran Gigi Insisiva, 15(1), May 2026, 6-14 9

among the groups (p <0.05), whereas in the were detected for either parameter (p >
coronal third, no significant differences 0.05).

Table 1. Canal centering mean value for apical, middle, and coronal thirds after instrumentation

Distance Canal centering (Mean+SD) (mm)

from the
apex AF F +GP AFF AF S +G AF S P
3 mm 0.896+0.072 0.910+0.081 0.887+0.069 0.579+0.053 0.000*
5 mm 0.760+0.046 0.700+0.036 0.687+0.036 0.452+0.030 0.000*
7 mm 0.933+0.038 0.944+0.047 0.918+0.062 0.897+0.055 0.218

Values with different superscripts indicate a statistically significant group difference *significant (p<0.05).

For canal centering (Table 1), in the
apical third, AF F+GP (0.896 + 0.072 mm),
AF F (0.910 £ 0.081 mm), and AF S+GP
(0.887 + 0.069 mm) showed significantly
better centering ability compared with AF S
(0.579 £ 0.053 mm; p = 0.000). Post hoc
Tukey analysis revealed no significant
differences among AF F+GP, AF F, and AF
S+GP (p > 0.05). In contrast, all three
groups demonstrated significantly superior
centering compared with AF S (p = 0.000),
with mean differences ranging from 0.308
to 0.331 mm. In the middle third, AF F+GP

(0.760 £ 0.046 mm), AF F (0.700 + 0.036
mm), and AF S+GP (0.687 + 0.036 mm)
also  exhibited significantly  higher
centering values compared with AF S
(0.452 = 0.030 mm; p = 0.000). Post hoc
analysis indicated that AF F+GP performed
significantly better than AF F (p = 0.005)
and AF S+GP (p = 0.001), while AF F and
AF S+GP did not differ significantly (p =
0.866). In the coronal third, no significant
differences were observed among the
groups (p = 0.218).

Table 2. Canal transportation mean value for apical, middle, and coronal thirds after instrumentation

Distance Canal transportation (Mean+SD) (mm)

from the
apex AF F +GP AFF AF $+G AFS P
3 mm 0.017+0.011 0.015+0.014 0.019+0.011 0.083+0.011 0.000*
5 mm 0.049+0.009 0.064+0.009 0.067£0.009 0.13620.009 0.000*
7 mm -0.014+0.008 -0.012+0.010 -0.017£0.013 0.022+0.012 0.234

Values with different superscripts indicate a statistically significant group difference *significant (p<0.05)

For canal transportation (Table 2),
in the apical third, AF F+GP (0.017+0.011
mm), AF F (0.015 = 0.014 mm), and AF
S+GP (0.019 + 0.011 mm) demonstrated
significantly lower transportation
compared with AF S (0.083 = 0.011 mm; p
= 0.000). Post hoc Tukey analysis
confirmed that AF 'F+GP, AF F, and AF
S+GP did not differ significantly from one
another (p > 0.05). Still, all three groups
exhibited significantly reduced
transportation compared with AF S (p =
0.000), with mean differences ranging from
—0.064 to —0.068 mm. In the middle third,
AF F+GP (0.049 + 0.009 mm), AF F (0.064
+ 0.009 mm), and AF S+GP (0.067 + 0.009
mm) showed significantly less

transportation than AF S (0.136 + 0.009
mm; p = 0.000). Post hoc analysis further
revealed that AF F+GP had significantly
lower transportation than AF F (p = 0.007),
AF S+GP (p=0.001), and AF S (p =0.000).
At the same time, AF F and AF S+GP did
not differ significantly (p = 0.899). In the
coronal third, no statistically significant
differences were observed among the
groups (p = 0.234).

DISCUSSION

The root canal system is cleaned
and shaped during endodontic therapy
while maintaining its original anatomical
structure. Curved root canals increase the
risk of iatrogenic errors, including ledge
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formation, perforation, transportation,
instrument fracture, asymmetric dentin
removal, and changes in the internal
anatomy of the root canal.?*?*

A heat-treated single-file system of
blue NiTi, specifically AF Blue S One and
AF Blue F One, was used in this
investigation to prepare the root canal. The
AF Blue F One has the benefit of a flat
design, but both instruments are
constructed of AF-R wire with an S-shaped
cross-section and a non-cutting tip.%’
Compared to multiple file systems, using a
single file system with continuous motion
offers several benefits, including a 40%
reduction in preparation time, reduced risk
of instrument breakage, and improved root
canal centering.? These findings align with
previous research indicating that flat-
designed instruments enhance shaping
efficiency and improve procedural safety.!

Establishing a glide path reduces the
risk of instrument fracture, facilitates
accurate shaping, and enhances the
centering  ability  of  instruments,
particularly in narrow and curved canals,
thereby improving the predictability of
single-file system preparation.!” Rotary
NiTi instruments, such as the ProGlider
(Dentsply Maillefer, Ballaigues,
Switzerland), were developed to replace the
time-consuming, technique-sensitive
nature of manual glide path preparation,
providing a more efficient, predictable
approach.?®

The evaluation of shaping ability,
including centering ability and canal
transportation, was performed at the apical,
middle, and coronal thirds, representing
areas of curvature most susceptible to
iatrogenic mishaps.?’” A superimposition
technique on simulated resin block canals
was employed, providing standardized
curvature and radius as well as reproducible
photographic documentation for precise
comparison of canal morphology before
and after preparation.?® The analysis was
further enhanced using Adobe Photoshop
software to outline and assess canal shaping
accurately. This method has been validated

in previous studies as a reliable approach
for evaluating the shaping performance of
different instrumentation techniques.?’

Extracted teeth were not used due to
difficulties in standardizing dentin hardness
and irregular canal anatomy, which would
have limited reproducibility across
samples.’® Instead, simulated resin block
canals were utilized, offering the advantage
of controlled standardization.'> However,
resin blocks also have limitations. The heat
generated during instrumentation can
soften the resin block, increasing the risk of
binding the cutting blade and potentially
fracturing the instrument. To minimize this
effect, recapitulation with a #10 K-file and
irrigation after each file change were
performed to dissipate heat and remove
resin debris.??

The final instrumentation size in
this study was standardized to a #25 tip. The
effectiveness of #25 files in reducing
bacterial counts did not differ significantly
from that of larger-apical-diameter files.’!
However, the larger the taper, the more
significant the dentin reduction toward the
danger zone, ultimately increasing canal
transportation.>?

Significant differences in canal
centering and transportation were observed
in the apical and middle thirds among the
groups instrumented using the blue NiTi
single-file system with a flat design, both
with and without glide path preparation.
These results are consistent with the
findings that flat-design files have a
superior ability to maintain canal shape.'?
The flat design system has been reported
from a previous study to reduce metal
debris on instruments, increase flexibility,
and improve resistance to cyclic fatigue. In
addition, the lower binding tendency of its
cutting blades, attributed to a smoother
cross-sectional design, may explain its
more conservative shaping ability.3* Glide
path preparation in the conventional S-
shaped (AF S) group also enhanced canal
centering and reduced transportation. These
findings corroborate previous studies that
glide path preparation minimizes canal
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deviation and helps instruments remain
centered within the canal**** No
significant  differences were observed
among the groups at the coronal third.

Canal transportation was detected in
all groups, coronal, middle, and apical
thirds; however, the extent did not exceed
0.3 mm. Transportation greater than 0.3
mm may compromise the apical seal and
negatively affect the prognosis of
endodontic treatment.*® Importantly, none
of the groups in this study demonstrated
canal transportation beyond this threshold,
indicating that all systems could shape
curved root canals effectively without
compromising apical sealing ability.
Moreover, no iatrogenic mishaps, such as
ledges or instrument fractures, were
observed, further demonstrating the safety
of the systems tested. These results support
the ability of single-file continuous motion
systems to shape moderately curved root
canals with predictable outcomes.

Among all groups, group 1 (AF F +
GP) system demonstrated the highest mean
canal  centering and the lowest
transportation values, indicating superior
shaping performance compared with the
others. This suggests that the system may
help clinicians reduce iatrogenic errors,
achieve more predictable shaping, and
preserve natural canal morphology.
A limitation of this study was the difference
in hardness between the acrylic resin used
and natural teeth. Therefore, further
research is recommended to use extracted
human teeth as samples to obtain results
that are more representative of clinical
conditions.

CONCLUSION

A glide path significantly improved
canal centering ability and reduced
transportation when using the blue NiTi
single-file system. Moreover, the flat
design  demonstrated superior canal
centering and minimized transportation
compared with conventional S-shaped files.
A limitation of this study was the difference
in hardness between the acrylic resin used

and natural teeth. Further research on canal
centering and transportation is
recommended to facilitate the extraction of
human teeth.
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