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Abstract

The objective was to evaluate the effect of glide path and coronal flaring on the dentin vol-
ume removal and percentage of touched walls in curved canals using two heat-treated
rotary files. The mesiobuccal canal of forty-eight, randomly selected, extracted mandibular
molars was divided into two groups of 24 each, according to the type of instrument used
(RACE EVO and EdgeSequel rotary files). Each group was further divided into three sub-
groups; Group (A): Control using one file shaped to 04/30, Group (B) with a glide path
(EdgeGlidePath (EGP)), and Group (C): with a glide path and coronal flaring (EGP and
EdgeTaper Platinum (ETP) SX file respectively). The root canals were then instrumented
using the assigned instruments. The assessment was carried out using micro-CT. The com-
parison of the mean values of the tested groups about dentin volume removal and percent-
age of untouched walls did not reach statistical significance (p<0.05). Glide path and
coronal flaring had an insignificant effect on the dentin volume removal and percentage of
untouched walls in curved canals.

Introduction

Endodontic infections are bacteriogenic, therefore adequate disinfection of root canal systems
is necessary for successful treatment outcomes [1]. Root canal anatomy is a complicated sys-
tem and complete eradication of bacteria is not possible [1]. Shaping of root canals is a key
step to allow disinfectant to clean the end of the root [1]. Therapy will result in the healing of
the periapical tissue and the preservation of the dental structure [1].

The complicity of the root canal system was addressed in the literature [1]. Root canal treat-
ment is difficult for undergraduate students and general dentists, especially in the molar region
[1-3]. The mishaps are mainly located in this region for many different reasons [3]. One of the
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main reasons is the curvature of the root in the molar region particularly in the mesial root of
upper and lower molars [3]. Facing this challenge, root canal preparation techniques were
modernized over the years, resulting in several alternative techniques available today [4].

The main traditional techniques such as the anti-curvature and the crown-down technique
indicated that the coronal portion of the curved canal has to be straightened using peeso ream-
ers or gates glidden (GG) [5, 6]. These techniques aimed to reduce the number of curvatures
in curved canals especially in the posterior region [5, 6]. Reducing the number of curvatures
will reduce the friction between the file and the coronal canal walls, which will allow the file to
freely and actively engage with the walls in the apical region [5, 6]. This technique had enor-
mous success because it improved the file’s ability to reach the end of the root and reduce the
risk of file fracture [5, 6].

Nowadays, motor-driven files are used and this technique was modified [7-9]. The highly
tapered orifice opener is used to open the canal in the coronal third followed by small size rotary
file to create a smooth glide path to the end of the curved root canal system [7-9]. Finally, the canal
will be prepared to the final shape to allow adequate cleaning of root canal space and root obtura-
tion [7-9]. However, the current development in root file manufacturing and processing tech-
niques in addition to current dynamic irrigation techniques has even challenged this concept [10].

The modern heat-treated nickel titanium files are believed to have exceptional flexibility,
cantering ability, and cyclic fatigue resistance [11]. For example, the RACE EVO (RE) files
(FKG, La Chaux-de-Fonds, Switzerland) manufacturer claimed that in addition to the previ-
ously mentioned properties, these heat-treated files have high cutting efficiency and operate at
high speed improving their overall efficiency. Another example is EdgeSequel (ES) files (Edge-
Endo, New Mexico, USA.) which have unique designs that improve their flexibility and make
them an excellent choice for curved root canal systems. Since both of these files are synthesized
to have high flexibility and the ability to endure challenging curved root canal systems, the
need for coronal flaring before their use is questioned [10]. Moreover, the benefits of using
glide path rotary files before these rotary files need to be examined.

The efficiency of cutting plays a pivotal role in the overall performance of rotary files. Root
canal files (RE) are characterized by a rounded triangular cross-section, whereas endodontic
files (ES) possess a triangular cross-section. Notably, files with a triangular cross-section are
deemed sharp files and are recognized for their superior cutting efficiency [12, 13]. However,
while the literature acknowledges the cutting efficiency of triangular cross-section files, there is
limited exploration into their application as single rotary files. Accordingly, this study
intended to explore the feasibility of using these files as single rotary files. Moreover, the inves-
tigation extended to assess any impact of utilizing glide path files and orifice openers with tri-
angular cross-sections in conjunction with the rotary files.

Excessive removal of dentin during coronal flaring may result in perforation and treatment
failure [10]. Additionally, excessive removal of dentin at the cervical region will weaken the
root structure rendering it susceptible to fracture [10]. The glide path rotary files were advised
to use especially in curved root canals to reduce procedural errors such as ledging and file
breakage [14, 15]. The advantage of their use in addition to the modern highly flexible heat-
treated NiTi rotary files is questionable [14, 15]. Moreover, dynamic irrigation is intended to
improve irrigation penetrative and lubricant ability reducing the need for excessive flaring or
sequential use of rotary files [4].

One of the main trends in endodontics is to reduce the amount of tooth structure removed
in endodontic access and root canal shaping [10]. Because these traditional access and shaping
techniques became unnecessary for predictable disinfection of the canals in light of the mod-
ern advances in magnification and technology in shaping and irrigation [4, 10]. Thus the effect
of coronal flaring and glide path in the amount of dentin volume removal and percentage of
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touched walls in curved canals need to be evaluated. Moreover. RE and ES were not compared
in terms of the amount of dentin volume removal and percentage of touched walls. Therefore,
the study aimed to compare the coronal pre-flaring and glide path in addition to RE and ES in
terms of dentin volume removal and percentage of touched walls in curved root canal systems.
The Null hypothesis was that there would be no significant difference in the dentin volume
removal and percentage of touched walls in curved canals among the tested groups.

Material and methods
Ethical approvals

The research was registered in the Research Centre of Riyadh Elm University and received eth-
ical approval from the Institutional Review Board (IRB) (approval number: FPGRP/2021/598/
533/563). Consent forms were not obtained as this was a laboratory-based study involving no
human subjects. Additionally, the teeth used in this study were extracted from patients under-
going orthodontic or periodontal treatment, not specifically for this study. These teeth were
collected from the university’s dental clinics during December 2021 and January 2022. The
extracted teeth were cleaned and disinfected in 1% Sodium hypochlorite (NaOCl) (Prime den-
tal products, India). Then they were stored in a glass bottle containing 0.1% hyaluronate solu-
tion (Synojoint, Arthrex, Germany).

Sample power calculation

The Sample power was calculated using the G-Power sample power calculator (Universitat-
Kiel, Kiel, Germany). Using 5% as margin of error, 95% confidence interval, and power of
80%, a total sample size of 48, with eight samples per group, was determined.

Specimen selection

The mesial root of the randomly selected extracted teeth was examined visually and radio-
graphically. The visual examination was carried out using 10x magnification power under the
dental microscope. While the radiographic examination was carried out using the Micro-CT
(Bruker SkyScan, Kontich, Belgium) to confirm the suitability of teeth for the objectives of the
study. The inclusion criteria were the following: permanent sound teeth, Vertucci type IV root
canal anatomy in the mesial root (two separate mesial canals), and the range of canal curvature
between 20° - 40° [16, 17]. On the other hand, the following teeth were excluded: those with
more than one apical foramen, teeth with resorption, teeth with previous endodontic treat-
ment, and cracked or fractured roots.

Grouping

The forty-eight molars were allocated into two main groups (N = 24) based on the type of
rotary file used for shaping the MB canal. Then each group was subdivided into three sub-
groups (n = 8) based on the shaping technique as it is shown in Fig 1. The total number of sub-
groups was six.

Specimen preparation

Access opening and working length. An endodontic resident in his final year of clinical
training accessed the extracted molars under the dental microscope (Zumax Medical Co.
Jiangsu Province, China). Two sets of burs were used for the access cavity preparation. The
crown initially was accessed with a round bur size 4 (Brasseler, USA) to reach the roof of the
pulp chamber and remove any dentin overhang in the pulp chamber. Then the access was
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RACE EVO RE

Group l-a.: RE (control

group)

EdgeSequel ES

Group 2-a.: ES (control
group)

Group 1-b.: RE and
glide path

Group 2-b.: ES and glide
path

Group l-c.: RE and glide

— | path and coronal flaring

Group 2-c.: ES and glide
path and coronal flaring

Fig 1. The main two groups and the six subgroups used in the experiment.

https://doi.org/10.1371/journal.pone.0299896.9001

refined using End Z bur (Dentsply Maillefer, Switzerland). The initial file was a #10 K-file
(Dentsply Maillefer, Switzerland) and it was used to negotiate the MB canal until the end of
this file was visualized at the apical foramen. At this point, the working length was determined
by deducting 1 mm from the total length of the canal. The canal was then shaped with #15 K-
file (Dentsply Maillefer, Switzerland) to the previously established working length. The irriga-
tion was carried on consistently during the procedure using 2.5% Sodium hypochlorite NaOCI
(Prime dental products, India) solution.

Chemo-mechanical preparation. The same endodontic resident with knowledge and
experience of all systems used for the study performed the shaping procedure under dental
microscope. The shaping techniques used for coronal flaring, glide path preparation, and final
shaping are summarized in Table 1. The endodontic engine was adjusted to the desired

Table 1. The rotary files used and the followed manufacturer instructions [18].

(ETP) SX file (25/12)

The shaping The file type (size/taper)
procedure

Coronal flaring EdgeTaper Platinum
Glide path EdgeGlidePath (EGP) file

(19/variable taper)

Groupl mechanical | *RE (30/04)

preparation

Group2 mechanical | **ES (30/04)

preparation

*RE: RACE EVO

**ES: RACE EVO

ARPM: Round Per Minute
AANCM: Newton Centimeters.

https://doi.org/10.1371/journal.pone.0299896.t001

The manufacturer The speed and | The shaping technique
torque
EdgeEndo, New 350 ARPM and | The file used in gentle picking motion with lubricant in the coronal
Mexico, USA. 3 AMANCM third (less than 7 mm) to create straight line access after measuring the
working length.
The canal was shaped with ETP before measuring the working length in
group c.
EdgeEndo, New 400 RPM and | The rotary file used gently and gradually in picking motion in the
Mexico, USA. 3NCM presence of lubricant until it reaches the full working length. The canal
was shaped with EGP after it was shaped with size 15 K-file in group b
and c.
FKG, La Chaux-de- 450 RPM and | The rotary file used gently and gradually in picking motion in the
Fonds, Switzerland 3NCM presence of lubricant until it reaches the full working length. The canal
EdgeEndo, New 800 RPM and | Was shaped to 30/04 in all groups.
Mexico, USA. 1.5 NCM
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manufacturer-recommended settings in continuous rotation motion (X-Smart, Dentsply Mail-
lefer, Switzerland). The lubricating agent and the irrigation solution were used constantly dur-
ing the shaping procedure and in between the files. The lubricant was 15%
ethylenediaminetetracetic acid (EDTA) cream RC-Prep (Premier, Philadelphia, United States
of America) and the irrigant was 2.5% NaOCI solution. The total volume of irrigation material
used during working length determination and shaping was 15 mL NaOCL and the shaping
procedure consumed 2 to 2:30 minutes. The canal was dried with size 30 Edge paper point
with 04 taper (EdgeEndo, New Mexico, USA.) prior Micro-CT scanning.

Micro-CT analysis

All the teeth had pre- and post-treatment scans using the Bruker SkyScan 1172 high-resolution
micro-CT (Bruker SkyScan, Kontich, Belgium). The teeth were mounted individually in poly-
ethylene plastic containers to allow standardization of their position while being secured with
polyvinyl siloxane on the micro-stage of the specimen chamber in the micro-CT machine
(Bruker SkyScan, Kontich, Belgium).

The scanner configuration used was 95 kV voltage, 104 uA anode current, 158 ms exposure
time, 25 um image pixel size, Al 0.5 mm, 0.3 rotation step for 360° angle, frame averaging of 4
for improved signal-to-noise ratio and random movement of 8 minimize ring artifacts. A flat-
field correction was performed before the scanning procedure to correct variations in the cam-
era pixel sensitivity.

After the scanning, a reconstruction of the projected images was performed using N-Recon,
program version 1.6.9.4 (Bruker Skyscan, Belgium) to produce a reconstructed cross-sectional
image. Numerical parameters needed to establish the best image results were checked and
adjusted. A ring artifact reduction of 5 for non-uniformity of the background image taken by
the x-ray camera; 25% beam hardening compensation to prevent the specimen from appearing
artificially denser at or near its surface, and less dense at its central parts; and a smoothing of 2
using Gaussian kernel were applied. A 16-bit TIF file format was the choice for saving the
images because of the variety of densities comprising the specimen.

Reconstructed Pre- and Post-images were loaded to the Dataviewer program version 1.5.6.2
(Bruker Skyscan, Belgium) Software for 3D co-registration. A registration data set was then saved
and loaded in the CTAn software for imaging and analyzing selectively, binarising, and quantify-
ing pre- and post-scan root canal instrumentation. Finally, CTVol 2.3.2.0 (Bruker Skyscan, Bel-
gium) was used for 3D visualization and production of color-coded images of the samples.

Calculate dentin volume removal and touched walls

The amount of volume removed from the root canal surface area was calculated by subtracting
the values for the treated canals from those recorded for the untreated counterparts. However,
the percentage of untouched canal area was calculated by the number of static voxels (voxels
present in the same position on the canal surface before and after instrumentation divided by
the total number of voxels present on the canal surface '*, according to the following formula:

The percentage of untouched canal area = number of static vozels x 100/total number of surface voxels

Statistical analysis

Descriptive statistics were presented using mean and standard deviation. The comparison
between dentin volume removal and touching ability among the performed root canal instru-
mentation was analyzed using the One-way Analysis of Variance (ANOVA). A p-value cut-off
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Table 2. The comparison of dentin volume removal within the subgroups of RE and ES individually and between the overall subgroups.

The subgroups for group 1 Dentin volume removal (mm®) | F-test. P- The subgroups for group 2 Dentin volume removal (mm®) | F-test. P-
Mean + SD value ® Mean + SD value ®

RE* 0.88 +£0.21 2.454;0.110 | ES** 1.03 +0.26 0.603; 0.557

RE* with glide path 0.98 + 0.30 ES** with glide path 1.07 + 0.43

RE* with glide path and 1.04 £ 0.23 ES** with glide path and 1.37 £0.27

coronal flaring coronal flaring

F-test. 1.175; 0.338

P-value

$ P-value was calculated using the One-Way ANOVA test

* RE: Race Evo
** ES: EdgeSequel.

https://doi.org/10.1371/journal.pone.0299896.t002

point of 0.05 at 95% CI was used to determine statistical significance. All data analyses were
performed using Statistical Packages for Software Sciences (SPSS) version 21 Armonk, New
York, IBM Corporation.

Results

The comparison of the mean values of tested groups in terms of dentin volume removal is not
statistically significant as shown in Table 2. The same table also shows that similar finding is
observable when the subgroups in RE and SE were compared separately.

When mean values of the percentage of untouched walls are compared, there is no statisti-
cal difference between the overall subgroups and between the individual subgroups of the two
main groups of RE and ES as shown in Table 3. Fig 2 shows the three-dimensional model of
one of the subgroups and the visual appearance of the touched and untouched walls.

Discussion

The present study evaluated the effect of glide path and coronal flaring on the dentin volume
removal and the percentage of touched walls in curved canals of two NiTi instruments, RE and
ES, using micro-computerized technology (micro-CT). No significant difference among the
tested groups was found. Thus, the null hypothesis was accepted.

Curved root canals are a challenging experience for dental practitioners, and treatment mis-
haps are often common in these canals [2, 3]. The root canal angle and radius of curvature are
one of the main factors considered when evaluating the difficulty of root canal treatment RCT

Table 3. The comparison of the percentage of untouched walls within the subgroups of RE and ES individually and between the overall subgroups.

The subgroups for group 1 % Of Untouched Walls | F-test. The subgroups for group 2 % Of Untouched Walls | F-test.
Mean + SD P-value Mean + SD P-value

RE* 18.2 £ 3.52 1.766; 0.201 | ES** 14.4 £ 3.51 0.059; 0.943

RE* with glide path 17.9 + 3.89 ES** with glide path 14.6 + 5.45

RE* with glide path and coronal flaring | 17.5 + 5.91 ES** with glide path and coronal flaring | 13.1 + 4.37

F-test. 1.589; 0.184

P-value ®

$ P-value has been calculated using the One-Way ANOVA test

* RE: Race Evo
** ES: EdgeSequel.

https://doi.org/10.1371/journal.pone.0299896.t003
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Fig 2. Three-dimensional models of the mesial root of lower mandibular molars that shows root canal anatomy
before and after preparation. The red color indicates touched surfaces and the yellow indicates untouched surfaces in
post-preparation configuration. (a, b, and c images) represent groups 1-a, 1-b, 1-c respectively using RE rotary files, (d,
e, f images) 2-a, 2-b, 2-c respectively using ES rotary files represent group 2.

https://doi.org/10.1371/journal.pone.0299896.g002

[8]. One of the main recommended techniques to shape curved root canal anatomy is to follow
the traditional concept of the anti-curvature technique and crown-down technique [5, 6]. This
technique requires the clinicians to establish straight-line access to the mid-root to allow free
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access to the curvature in the coronal third [5, 6]. A further recommendation was to use small
K-files in sequence to the root terminus to create a glide path for larger rotary NiTi files [8, 14,
15]. The glide path is a crucial step to prevent blockage of the curved root canal system. Since
motor-driven rotary NiTi files are more efficient in creating the glide path, in comparison to
manual K files, small-sized glide path rotary files were developed [8, 14, 15]. These files can be
used after size 10 K files and before the use of rotary file systems [8, 14, 15].

The up-to-date thermal processing of NiTi files has improved their centering ability and
cyclic fatigue resistance in curved canals [4, 11]. Moreover, dynamic irrigation has improved
irrigants’ ability to reach the end of the root canal system [4]. Therefore, the endodontic prac-
tice gradually shifted to follow more conservative root canal preparation using small taper
shaping files [19, 20]. A traditional concept such as the anti-curvature technique/crown-down
using modern NiTi rotary files such as orifice openers in curved root canals has been chal-
lenged [19]. Although this technique has been successfully employed over the past years to
reduce the incidence of stripping perforation, ledging, and file separation in curved root canal
systems, this technique could also risk weakening the tooth structure at the cervical region
resulting in early tooth loss as a result of a crack or vertical root fracture [19]. Clinicians often
find themselves in a difficult spot in choosing whether to conserve the tooth structure in a
curved root canal system or to improve the efficiency and predictability of shaping curved root
apex using an orifice opener [19].

When orifice openers were compared to the Gates Glidden GG that was used earlier for
coronal flaring, investigators found that GG drills removed substantially more dentin [21].
Unlike orifice openers that have the same geometry as the root canal, the football shape of GG
drills may easily result in the perforation of mandibular molars [21]. The dentin volume reduc-
tion, after using the ETP orifice opener when combined with 04 tapered heat-treated rotary
files, was not particularly studied before. The study found that coronal flaring using an SX ori-
fice opener did not increase the removal of dentin volume in the coronal third. The ProTaper
Gold orifice opener removed less amount of dentin in MB2 when it was compared to 25/04
and 30/06 tapered heat-treated rotary files [22]. Interestingly, one systemic review addressed
the lack of evidence that associates coronal flaring with dentin micro-cracks formation [14].
Moreover, the review suggested that coronal flaring improves the accuracy of working length
determination [14].

The same systemic review examined the role of glide path files in root canal shaping [14].
The glide path shaping was important for maintaining the root canal anatomy, however, in
this review, they did not specify one particular file system or motion [14]. There are different
types of rotary and reciprocating files that are used for glide path preparation and their perfor-
mance can differ significantly [22]. For example, the ProGlider PG glide path file when used
with ProTaper Next PN, appeared to reduce procedural mishaps such as transportation in
curved canals, compared to the preparation of PN alone or PathFile PF and PN [23]. On the
other hand, when the glide path was created by PF, it maintained the root canal anatomy com-
pared to canals shaped with reciprocating WaveOne WO primary [24]. All these studies
addressed the transportation and preservation of root canal anatomy. However, the focus of
this study was the dentin volume removal that appeared to be not affected by the use of SX
glide path files in both rotary file systems.

Many factors could influence the results of this study such as the metallurgy of the NiTi
files, their sizes, and their taper. The NiTi files used in the current study are all thermally-
treated and have controlled memory, while the WO file tested was mainly austenitic at room
temperature [24]. The controlled memory improves the NiTi file-centering abilities which
could reduce the need for glide path files [11]. Moreover, the final shape of root canal
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preparation in this study was 30/04 which could have similar dimensions to the SX orifice
opener and could potentially mask the effect of glide path preparation.

Instrumentation with RE and ES left 17.86% and 14.03% of the canal walls untouched,
respectively. An inverse relationship was found between the percentage of untouched walls
and dentin volume removal, suggesting that the more dentin volume removal, the less percent-
age of untouched walls. Zhang et al. found that the percentage of untouched walls in the sec-
ond mesiobuccal canals in maxillary first molars varied between 13.06% and 22.67% [25]. This
could be explained by the fact that mesiobuccal canals in mandibular first molars used in this
study, and maxillary molars that used in their study, are small and round. On the other hand,
another study found that the percentage of untouched walls after instrumentation by XP endo
Shaper and TRUShape of maxillary premolars was 47.26% and 48.18%, respectively [26]. The
authors attributed this high percentage of untouched walls to the variability in the anatomy of
root canals for maxillary premolars [26]. Additionally, it was reported that wide distal canals
had significantly more untouched areas than narrow mesial canals in mandibular first molars.
Thus preoperative canal anatomy had a major influence on the assessment of untouched areas.
Micro-CT scans are used in endodontics to assess the preparation of root canals using stain-
less-steel hand endodontic instruments and motor-driven NiTi files [23, 25, 26]. They are used
to compare endodontic features such as dentin volume removal, canal transportation, and cen-
tralization of files after canal preparation [23, 25, 26]. Micro-CT is an ideal method for in vitro
studies due to its reliability, reproducibility, and non-destructiveness [27].

Finally, the present study has certain limitations and the results have to be interpreted care-
fully for clinical application. Since this study analyzed curved canals, which may not apply to
all types of canals. Moreover, it examined the effect of a specific size of instruments that were
selected for the study, making the results applicable only when the same set of instruments is
used in vivo. Interestingly, EdgeEndo files and files used in rotary motion were among the
most commonly used in the United States of America [28]. Therefore, clinicians might find
this study helpful when they intend to treat curved canals using 04 thermally-treated rotary
files. However, the findings need to be verified in vivo-setup.

Conclusion

Within the limitation of the study, the coronal flaring with the ETP orifice opener and EGP
file had no significant effect on the dentin volume removal and the percentage of untouched
walls when used in conjunction with 04 Tapered RE and ES in a curved root canal system.
Thus, the study proposes the effectiveness of using a single-size heat-treated file with a triangu-
lar cross-section to clean the curved MB canal. It further implies that coronal flaring and glide
path files can be conservative while unnecessary to improve the shaping and cleaning in this
situation. However, other potential benefits of using orifice openers and glide path files in
terms of efficiency and safety in the hands of experienced and inexperienced clinicians can be
explored in other studies.
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