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Introduction

The essential purpose of  endodontic treatment is to reduce or 
decrease as much as possible the microbial existence in the root 
canal with maintaining the normal form and route of  the canal 
[1]. Preparing the root canals is usually considered one of  the 
most significant steps in the endodontic treatment procedure, in-
volving the elimination of  affected and infected tissues in the root 
canal system to get slick walls that ease the filling and irrigation 
procedures, with the confirmation on preparing preservative as 
possible, as to secure the teeth structure from any refraction risk 

in the long term [2].

Anatomical bends in root canals consider a challenge on to the 
medical practitioner because of  the possibility of  complication 
occurrences like apparatus refraction and deviation incidence [3].

Stainless steel files can encore their standard form when prepar-
ing these bends in the opposite of  nickel-titanium files which have 
great elasticity, allowing it to decrease the efforts and lateral forces 
on the canal walls in extreme bending canals as much as possible 
[3].
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Introduction: The preparation of  root canals is one of  the most critical steps of  endodontic treatment; anatomical curves 
in root canals usually consider a confront for the medical practitioner, making a glide path in endodontic treatment became a 
basic principle to obtain as safe preparation.
Objectives: The research aims to assess the effectiveness of  the R-Pilot system in creating the glide path with in the simulated 
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Shaper, and manual K-Files and R-Pilot mechanical patency system.
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Conclusions: There was no difference in Apical Transportation with in all three-preparation systems. The volumetric changes 
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coronal area compared to a manual file.
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The enrollment of  nickel-titanium mixture in endodontic permit 
manufacturers to manufacture many flexible and resistant tools.

Now a days, nickel-titanium files with their diversity in forms, ta-
pering, cross-sections, are an essential part of  the everyday use by 
endodontic and general practitioners, those files are able to corre-
spond with many cases due to a lot of  development and features 
that occur on the original alloy [4].

The use of  nickel titanium files, with their diverse taper and great 
elasticity has given the practitioner such a great ability to preserve 
the original bend of  the root canal [5], particularly if  the prepa-
ration preceded by glide path creation using the nickel-titanium 
files-glide path creation [6, 7]. And that is due to the suscepti-
bility of  handling bend canals and the numerous complications 
that meet the practitioner when trying to prepare such canals, as 
canal path shift, working length loss, perforations, obturations, 
tools refraction, ledge consistence and zipping incidence because 
of  the difficulty of  attaining the whole working length [8], and the 
accompanying difficulties in performing the residual therapeutic 
procedures [9].

Wither the glide path had been created by a mechanical or by 
manual files, creating the glide path in endodontic treatment has 
become a recommended essential principle to secure a very safe 
preparation [10].

Creating a glide path is usually defined as a smooth-walled path 
start from the canal aperture and end with physiological apical 
Forman.

This is accomplished when the file in which the glide path had 
been created gets in the whole canal length easily without any re-
sistance [11], which will ease the preparation procedure because it 
give the practitioner a path the lets bigger files to smoothly enter 
the canal [12].

So, the purpose of  this research was to evaluate the glide path 
creation using mechanical files in preserving the original form and 
centric of  the root canal during the canal preparation in one of  
the most sophisticated cases in endodontic therapy, the S-shaped 
canals using a three-single mechanical preparation system.

Objectives:

Evaluate the effectiveness of  the R-Pilot system in creating 
the glide path with in the Simulated S-Shaped canals in Apical 
Transportation and Volume Increase, in addition to evaluate and 
compare the changes in the original anatomical shape of  these 
simulated canals when using the single-filed mechanical root canal 
preparation systems in rotational motion (One Curve, XP Endo 
Shaper, Hyflex EDM) After securing patency using the R-Pilot 
system and manual files.

Material and Methods

Study Design:

This study was designed as an in-vitro study to evaluate the ef-
ficacy of  preparing synthetic transparent resin S-shaped canals 

using three single-file preparation systems, after securing a manual 
or mechanical patency, and studying the accompanying complica-
tions and changes that happen when preparing this kind of  canals 
to define the best-used preparation system and the best patency 
technique.

Study Sample:

The study sample consisted of  60 S-shaped canals (Endo Training 
Bloc S-Shape, DENTSPLY Sirona , Ballaignes, Switzerland) made 
of  transparent resin with the diameter and taper corresponding to 
the ISO measurement, where the apex measurement was 0.15, a 
taper of  2%, and a working length of  16 mm for each canal, with 
two coronal and apical curvature.

The sample was divided randomly into two groups (A and B), re-
ferring to the used patency technique, manually and mechanically, 
respectively. Each of  them includes 30 canals (n = 30). Then each 
group was divided into three subgroups and named after the type 
of  the used preparation system (O, X, H), 10 canals for each. The 
blocks were numbered from 1 to 10 in each group.

The study groups were divided according to the following:

Xa Group: 10 canals, XP Endo shaper preparation, and patency 
with manual files.

Xb Group: 10 canals, XP Endo shaper preparation, patency with 
R-Pilot mechanical file.

Ha Group: 10 canals, preparation with Hyflex EDM system, pa-
tency with manual files.

Hb Group: 10 canals, Preparation with Hyflex EDM, patency 
with R-Pilot mechanical file.

Oa Group: 10 canals, One Curve preparation system, patency 
with manual files.

Ob Group: 10 canals, One Curve preparation system, patency 
with R-Pilot mechanical file.

Study Procedure:

The simulated canals were all prepared by the same endodontist 
using instruments up to the working length, which was set on 
the canal exit of  the resin canal blocks. A glide path was estab-
lished with K-files till the size 20# in A Groups and using R-Pilot 
mechanical file in B Groups to the working length, and then all 
canals were prepared according to the companies instructions us-
ing torque-controlled endodontic motor (Silver Reciproc; VDW, 
Munich, German).

The S-shaped canal within the resin blocks had been fixed in a 
base particularly designed for this research, solar images had been 
possessed using a digital camera under unified conditions in terms 
of  angle, dimension and illumination and the images had been 
superimposed by using Adobe Photoshop software.

The amounts of  removed resin from the walls were determined 
from inner and outer curvature sides on levels determined per-
pendicular to the longitudinal axis of  the canal (figure 1). Those 
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points were set depending on the primary image. Then, every ca-
nal had been sectioned to three areas the apical curvature area 
(section 0,1,2,3), the first curvature (section 4,5,6,7) and the coro-
nal area (section 8,9 ).

After determining these areas and levels, we can examine the 
changes along the canal length, based on the following criteria to 
evaluate the difference in the original shape of  the canal in terms 
of  the following:

The removed resin amount: The sum of  the removed amount 
from both right and left sides.

Apical Transportation.

Following collection, the data was entered and analyzed using the 
Statistical Package for the Social Sciences Version 13.0 (SPSS, Inc, 
Chicago, USA). Statistical analysis was conducted with the signifi-
cance level of  0.05 (P<0.05). ANOVA test was used to determine 
the existence of  significant statistical differences when more than 
two independent variables were compared, and the Bonferroni 
correction was used to perform multiple comparisons.

Results

The research sample consisted of  600 different sections deter-
mined in 60 simulated S-shaped root canals. The sample was 
divided in to two groups according to the glide path creation 
technique (R-Pilot, and manual files), and each group was divided 
into three subgroups (One Curve preparation system, XP Endo 
Shaper preparation system, Hyflex EDM preparation system). In 
addition, 10 different sections were made in each simulated canal; 
the sections were divided according to the studied area to the api-
cal curvature area; the first curvature area, and the straight coronal 
area. 

Studying The Apical Transportation Occurrence:

Table No 1 shows the Apical Transportation occurrence number 
according to each one of  the studied groups.

A chi-square test was also performed to study the differences in 

the frequencies of  the Apical Transportation occurrences be-
tween the glide path creation group using the R-Pilot system and 
the glide path creation group using manual files in the research 
sample. Also, according to the preparation system used, as fol-
lows:

There were no statistically significant differences in the frequen-
cies of  the Apical Transportation occurrences between the glide 
path creation group using the R-Pilot system and the glide path 
creation group using manual files regardless of  the preparation 
system used in the research sample, as the significance level value 
was greater than (p>0.05) in All groups.

A chi-square test was also performed to study the existence of  a 
significant difference in the Apical Transportation occurrence for 
each of  the preparation systems. Table No. 2 shows the result of  
this test, as there was no significant difference within the groups 
of  the preparation system.

Studying The Resin Removed Amount:

Table No. 2 shows the mean of  the removed resin amount, ac-
cording to each followed method and to the studied area in the 
simulated canal, the highest removed resin value was in the coro-
nal area which used the R-Pilot system (4.2 mm), and a T Student 
test was performed for independent samples to study the differ-
ences significance in the removed resin values mean after creat-
ing the glide path (in mm) between the glide path creation group 
using R-Pilot system and the glide path creation group which used 
manual files in the research sample, where a significant difference 
was found between the two systems used for all the studied areas, 
and also for the entire canal value, where the significance level in 
all groups was less than (0.05).

Figure 2 shows the removed resin amount according to the used 
preparation system, where the removed amount in the R-Pilot 
system was significantly greater in both straight coronal area (4.2 
mm) and first curvature area (1.99 mm), while it was significantly 
lower at the apical curvature area using the R-Pilot system (1.49 
mm).

ANOVA test was also performed to study the effect of  the used 

Figure 1. The study sections.
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preparation system in the amount of  the removed resin quantity 
after preparation according to the studied area and the followed  
way in glide path creation.

Table No. 3 shows the results of  this test, we note that there is 
a significantly important differences, in all studied areas, the re-
moved resin amount after preparation was larger when using the 
R-pilot system, where as, when using manual files, significantly 
important differences were found only in the first curvature area 
(0.000), straight coronal area (0.000) and the entire canal (0.001) 
as the removed resin amount was greater after preparation.

Table No. 4 shows the results of  the Bonferroni test for compar-
ing the removed resin amount variable after preparation between 
the two different preparation systems considering the difference 
in the studied area and the glide path creation technique.

Discussion

The mechanical preparation of  root canal system importance 
comes from the elimination of  live and dead tissue and the pro-
duction of  adequate space that permit irrigation fluids, filling ma-
terials, and intra-canalicular dressing to easily enter the canal to 
accomplish their role in seal and disinfect the root canal system 
[13], with maintaining the canal original form [14].

 
As the canals anatomical abnormalities and bends are considered 
a serious challenges that may face the medical practitioner during 
the endodontic therapy because of  the multiple possible com-
plications that may occur during treatment like canal deviation, 
zipping incidence, apex opening or changing in the form or the 
location, which may cause a following failure of  the endodontic 
therapy [15].

In spite of  the advantages and the huge elasticity of  nickel-titani-
um mechanical files. Creating a glide path-manually or mechani-
cally-still consider one of  the recommended steps that should be 
taken prior to the use of  mechanical preparation tools [16].

In this study, instead of  using natural teeth, S-shaped resin blocks 
had been used because of  the inefficacy of  the natural teeth for 
preparation system comparison, where even minor differences 
between those teeth are able to make a clear variance in the results 
more than any preparation system can be made[17], so it give the 
resin blocks the ability to unified the required criteria in the study 
sample, in terms of  stiffness, length, bend radius and angle, man-
ufacture’s substance[18, 19]. So, although the resin blocks might 
not reflect all the clinical features because of  the differentiation 
between the stiffness of  the resin and the dentin [20], but still a 
good and valid measure to study diverse preparation systems [21, 
22].

Table 1. Apical Transportation occurrence number according to the studied groups-chi-square test.

Methods
Number of  stimulated canals

No Apical 
Transportation

Apical 
Transportation Total Chi 

square P-value signifi-
cance

One Curve
R-Pilot 9 1 10

1.25 0.264 NS
Hand files 7 3 10

XP Endo Shaper
R-Pilot 10 0 10

2.22 0.136 NS
Hand files 8 2 10

Hyflex EDM
R-Pilot 8 2 10

0 1 NS
Hand files 8 2 10

Chi square test between the two methods

Method Number of  stimulated canals Chi square P-value
sig-

nifica 
nce

R-Pilot 30 2.222 0.329 NS
Hand files 30 0.373 0.83 NS

Table 2. The mean of  the removed resin amount - T student test.

Method number SD SE T-value P-value Significance
Apical 

curvature
R-Pilot 120 1.49 0.55

-2.298 0.022 s
Hand files 120 1.66 0.6

First 
curvature

R-Pilot 120 1.99 0.42
8.72 0 s

Hand files 120 1.45 0.53

Coronal 
area

R-Pilot 60 4.2 1.39
13.334 0 s

Hand files 60 1.56 0.65

Full 
canal

R-Pilot 300 2.23 1.26
8.393 0 s

Hand files 300 1.55 0.59
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The results of  our study showed that when comparing the two 
methods of  creating a glide path ‘with an R-Pilot mechanical file 
and using manual K-Files up to the size of  # 20’ the amount of  
removed resin in the apical curvature area In the group which 
used manual files, increased compared to the group using me-
chanical files, and the increase in the removed resin amount in 
the first curvature area and in the straight area in the group using 
a mechanical file to create the glide path comparing to the glide 
path creation group using manual files, can be explained by the 
difference in the size and taper of  the files, Where the size of  the 
mechanical file apic is 12.5 # With a 4% taper compared to the 
manual K-file size # 20 and a 2% taper.

As for the amount of  removed resin after preparation using dif-
ferent single-filed preparation systems, This study showed that 
the amount of  removed resin using the Hyflex EDM preparation 
system was greater than what it is in both preparation groups the 
One Curve system and the XP Endo Shaper system in the differ-
ent studied areas, and with the different system used to create the 
glide path, followed by the preparation group with the One Curve 
system, then the preparation group using the XP Endo Shaper 
system, and this can be explained by the difference in the taper of  
applied preparation systems, as the Hyflex One File preparation 
file has an endless taper from its apic to the end of  its working 
length, where as, the One Curve file, had a fixed taper of  6%, and 
the XP Endo Shaper file had a taper of  1%, but reached a prepa-

ration of  4% due to the rolling motion of  the file.

Our study agreed with(Htun PH 2020)[23], who compared be-
tween creation of  glide path using manual files and mechanical 
files in curved canals, where both studies showed that the me-
chanical files used in the process of  creating the glide path caused 
a greater volumetric changes compared with manual files.

Also, when compared with a previous study [13] which assess the 
ability of  four preparation systems in forming 80 curved mesial 
canals using each of  (Hyflex EDM - Wave One Gold - One Shape 
- Reciproc Blue) in which the Hyflex EDM preparation system 
ranked first in terms of  volumetric changes in the used canals; 
The variable cross-section along the length of  the file , as well as 
the endless taper and the alloy that subjected to electrical displace-
ment, could be an important cause of  the volumetric changes that 
occur as a result of  its increased cutting efficiency.

When compared with (Ozyurek T et al. 2015), which compared 
Hyflex EDM with both Reciproc and Wave one Gold, the re-
sults of  our study differed with this study, which showed that 
the Hyflex group caused the least amount of  volumetric changes 
after preparation, the reason of  the difference may be due to the 
variance in the used files in the two studies. Hyflex file had the 
smallest taper compared to the other files used in this study, while 
it had the largest taper compared to the other preparation systems 
used in our study [24].

Table 3. The amount of  resin removed (ANOVA test).

Method N mean SD Min Max F- value P-value Sig

R-Pilot

Apical 
curvature

One Curve 40 3.04 1.05 1.44 6.17
9.145 0 SXP Endo Shaper 40 3.05 0.65 1.98 4.69

Hyflex EDM 37 3.94 1.38 1.37 7.65

First
curvature

One Curve 40 3.76 0.77 2.27 5.05
12.874 0 SXP Endo Shaper 40 3.51 0.67 1.8 5.03

Hyflex EDM 40 4.3 0.69 2.44 5.22

Coronal 
curvature

One Curve 20 6.35 0.85 4.92 7.68
5.82 0.005 SXP Endo Shaper 20 5.42 1.01 3.18 7.37

Hyflex EDM 20 6.1 0.81 4.49 7.61

Full canal
One Curve 100 3.99 1.52 1.44 7.68

9.8 0 SXP Endo Shaper 100 3.71 1.15 1.8 7.37
Hyflex EDM 97 4.54 1.31 1.37 7.65

Hand files

Apical 
curvature

One Curve 40 3.01 1.24 1.06 6.38
2.62 0.077 NSXP Endo Shaper 40 3.55 0.88 1.99 5.53

Hyflex EDM 40 3.42 1.13 1.79 6.4

First curva-
ture

One Curve 40 3.67 0.72 2.2 5.24
23.625 0 SXP Endo Shaper 40 3.48 0.53 1.74 4.5

Hyflex EDM 40 4.36 0.54 2.75 5.07

Coronal 
curvature

One Curve 20 5.92 0.93 3.95 7.22
27.748 0 SXP Endo Shaper 20 4.21 0.57 3.21 5.7

Hyflex EDM 20 5.89 0.93 3.04 7.01

Full canal
One Curve 100 3.86 1.46 1.06 7.22

7.375 0.001 SXP Endo Shaper 100 3.65 0.75 1.74 5.7
Hyflex EDM 100 4.29 1.27 1.79 7.01
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As for the occurrence of  Apical Transportation, we found in this 
study that both methods used to create the glide path have an 
equal effect in terms of  Apical Transportation incidence, statisti-
cally. despite the fact that the Apical Transportation cases were 
greater in the glide path created by using manual files compared 
to those created by using the R-Pilot mechanical file, this may be 
clinically significant separately from its statistical significance.

Our study agreed with previous study [25], which compared 
between the process ofcreating a glide path using manual files 
and two types of  mechanical patency files in curved canals, and 
showed that there were no statistically significant differences in 
the probability of  Apical Transportation occurrence between 
those different groups.

It also agreed with another study [26], which compared creating 
the glide path using manual files or by using both Path File and 
G-File systems in a sample of  45 curved canal where no specific 
method of  the creating process affected the occurrence of  Apical 
Transportation.

As the comparison between this study and that of  [27], in which 
they compared glide path using manual k-files and the both the 
Path File and Wave One Gold Glider systems . We differed with 
that study; which showed that creating a Glide Path using manual 
files has the maximum possible canal and apical transmission.

Several factors have been identified to affect the probability of  
Apical Transportation occurrence such as anatomical anomalies 
of  the root canal system, file’s shape and design, file alloy and the 
used preparation technique [28].

Table 4. Bonferroni test for comparing the removed resin amount variable.

Method Preparation 
method (I)

Preparation 
method (J) (I-J) SE P-value Sig

R-Pilot

Apical
curvature

One Curve
XP Endo Shaper -0.01 0.24 1 NS

Hyflex EDM -0.91 0.24 0.001 S
XP Endo Shaper Hyflex EDM -0.89 0.24 0.001 S

First
curvature

One Curve
XP Endo Shaper 0.26 0.16 0.333 NS

Hyflex EDM -0.54 0.16 0.003 S
XP Endo Shaper Hyflex EDM -0.79 0.16 0 S

Coronal 
curvature

One Curve
XP Endo Shaper 0.93 0.28 0.005 S

Hyflex EDM 0.25 0.28 1 NS
XP Endo Shaper Hyflex EDM -0.69 0.28 0.056 NS

Full canal
One Curve

XP Endo Shaper 0.28 0.19 0.4 NS
Hyflex EDM -0.55 0.19 0.013 S

XP Endo Shaper Hyflex EDM -0.83 0.19 0 S

Hand files

First
curvature

One Curve
XP Endo Shaper 0.19 0.13 0.454 NS

Hyflex EDM -0.69 0.13 0 S
XP Endo Shaper Hyflex EDM -0.88 0.13 0 S

Coronal curva-
ture

One Curve
XP Endo Shaper 1.71 0.26 0 S

Hyflex EDM 0.03 0.26 1 NS
XP Endo Shaper Hyflex EDM -1.68 0.26 0 S

Full canal
One Curve

XP Endo Shaper 0.21 0.17 0.68 NS
Hyflex EDM -0.43 0.17 0.034 S

XP Endo Shaper Hyflex EDM -0.64 0.17 0.001 S

Figure 2. Average amount of  resin removed after glide path creation using different methods.
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Conclusion

The volumetric changes in the removed resin amount has in-
creased when using the R-Pilot system to create the glide path 
in the middle and in the coronal area compared to the use of  
manual file, more over it has a similar affect due to the Apical 
Transportation occurrence probability. There was no difference 
in Apical Transportation with in all three preparation systems, 
while Greater volumetric changes were observed when using The 
Hyflex EDM preparation System compared to the Curve and XP 
Endo shaper system.
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