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Abstract

Background: Canal centering is the ability of the instrument to stay centered within the root canal. This prevents canal
transportation, perforation, preserves dentin and increases strength of the tooth. Recent NiTi endodontic file systems are
manufactured with heat treatment technology that improves the canal centering ability of these files.

Aim: To compare the canal centering ability of Protaper Gold, Hyflex CM and Profile S3 endodontic file systems using cone
beam computed tomography.

Materials and Methods: Thirty mesial root canals in fifteen extracted mandibular molars were included in the study. Access
cavities were prepared and WL was established. The canals were divided into 3 groups (n=10) : Group 1 - Protaper Gold
(PTG); Group 2 - ProFit S3 (PS3); Group 3 - Hyflex CM (HCM). Pre and post-instrumentation CBCT was taken. The canal
centering ability was assessed at 3, 6 and 9 mm from the root apex. Statistical analysis was done using ANOVA and post hoc
Tukey test.

Results: The mean canal centering ratio for PTG at 3 mm was 1.85mm, at 6 mm was 1.53 and at 9 mm was 1.9mm. That for
Profit 83 was 1.6, 1.49 and 1.6mm respectively; while for Hyflex CM was 1.6, 1.56 and 1.71mm respectively. There was no
statistical difference at any level between any of the groups (p>0.05).

Conclusion: All the file systems remained relatively centralized within the root canal. Hence they can be used in curved canals
without fear of canal transportation or straightening,
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Introduction

Root canal anatomy is quite unpredictable, especially the apical
The primary goal of endodontic therapy is the complete disin- one-third. Canal anatomy is varied and curvatures can begin at

fection of the root canal space followed by a three-dimensional any level within the canal space [3]. Maintaining a centered prepa-

apical and coronal seal [1]. This is preceded by a proper biome- ration is difficult in such curved and flattened canals due to their

chanical oot canal preparation. An ideal preparation must main- complex internal anatomy. Inability to do so may lead to excessive

tain the original root canal anatomy as far as possible. According and inappropriate dentin removal [4], straightening of the canal

to Schilder’s principle [2], a prepared canal must be continuously and ledge formation, elbow formation, hourglass preparations,

tapered preparation that maintains the canal anatomy, keeping and over-preparation [5]. Mesial root canals of mandibular first

the foramen as small as possible, without any deviation from the molars are reported to be curved both in buccolingual and me-

original canal curvature. siodistal directions [6]. Maintaining a centered preparation is dif-

*Corresponding Author:

S.Delphine Priscilla Antony,

Senior lecturer, Department of Conservative Dentistry and Endodontics, Saveetha Dental College, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chen-
nai- 600077, India.

Tel: +91 9790856274

E-mail: delphine.sdc@saveetha.com

Received: May 05, 2021
Accepted: June 20, 2021
Published: June 28, 2021

Citation: Krisha Doshi, S. Delphine Priscilla Antony, M.S.Nivedhitha. A Comparative Evaluation Of The Canal Centering Ability Of Three Rotary File Systems: An In Vitro Study.
Int ] Dentistry Oral Sci. 2021;8(6):2870-2874. doi: http://dx.doi.org/10.19070/2377-8075-21000559

Copyright: S.Delphine Priscilla Antony©2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution and reproduction in any medium, provided the original author and source are credited.

Krisha Doshi, S. Delphine Priscilla Antony, M.S.Nivedhitha. A Comparative Evaluation Of The Canal Centering Ability Of Three Rotary File Systems: An In Vitro Study. Inz | Dentistry Oral
§ci. 2021;8(6):2870-2874.
2870



http://scidoc.org/IJDOS.php

OPEN ACCESS

ficult and hence these teeth are more prone to ledging and canal
transportations.

With the advent of nickel-titanium instruments in endodontics,
root canal preparations have become easier and more predictable.
Nickel-titanium files are known for their elasticity and resistance
to torsional fatigue when compared to hand stainless steel files
[7]. Several types of thermal treatments have been developed with
the aim of optimizing the mechanical properties of NiTi alloy [8,
9]. Some of them include M wire technology, R-phase, controlled
memory, gold files, blue files, etc. They are known to have better
flexibility, fracture resistance, resistance to cyclic fatigue, etc.

Protaper Gold files were developed with advanced metallurgy and
have a progressively tapered design that is claimed by the manu-
facturer to enhance cutting efficiency and safety. These files have
a convex triangular cross-section and a progressive taper, hence
the name ‘Protaper’. The manufacturer claims that this property
helps in navigating challenging curves in the apical region of the
canal while giving a proper shape to the canal. The file also has a
feature of a shorter handle for improved accessibility to the teeth
[10].

‘Hyflex CM’ is a NiTi rotary file system made using the novel
“controlled memory” technology. Controlled memory wire (CM
wite) is manufactured by a unique process that controls the mate-
rial’s memory, making the files extremely flexible, but without the
shape memory that is typical of other NiTi files. The file main-
tains the shape of the canal even after its removal. This prevents
canal straightening and hence it is widely used in curved canals
[11].

ProFit S3 (PS3) is a new endodontic file system introduced in the
year 2019. It is a blue file manufactured using new heat-treated
technology. This rotary system has a titanium oxide coating and
hence the blue color. It has a variable taper design, which varies
between 4% and 8%, with a rectangular cross-section. In cross-
section, the file makes a two-point contact with the canal walls,
thereby reducing the apical extrusion of debris. PS3 has good
shape memory, flexibility, and increased resistance to fracture.
[12].

https://scidoc.org/IJDOS.php

Cone-beam computed tomography is a non-invasive, three-di-
mensional imaging tool that has been advocated for pre and post-
insttumentation canal evaluation. It allows for an accurate com-
patison of endodontic instrumentation at different levels in the
root canal [13]. Because of both its accuracy and the possibility to
preserve the tooth structure, CBCT has been increasingly used to
evaluate apical transportation and centralization.

Hence, the aim of the study was to compare the canal centering
ability of Protaper Gold, Profit S3, and Hyflex CM rotary file
systems using CBCT.

Previously our team has a rich experience in working on vari-
ous research projects across multiple disciplines [14-28] Now the
growing trend in this area motivated us to pursue this project.

Materials And Methods

Thirty mesial root canals in Vertucci’s Type IV configuration in
fifteen extracted mandibular molars with fully developed roots
were included in the study. The teeth exhibited no defects, their
root canals were not calcified, showed no internal or external root
resorption, no prosthetic crowns or dental posts, no signs of prior
endodontic treatment, and no aberrant canal morphology. Only
teeth with apical curvature between 20 and 40 degrees were in-
cluded. The teeth were mounted on wax models (Figure 1) and
preoperative CBCT was taken.

The access cavity was prepared using Endo Access bur, 21 mm
size 2 (Dentsply Maillefer, Swiss made) and K-file (Mani, Ut-
sunomiya, Tochigi, Japan) of size #10 hand files were used to
achieve the initial patency of the canal to full working length
(WL), visible at the apical foramen, and the WL was established
1 mm short of this length. The canals were randomly divided
into 3 groups (n=10) : Group 1 - Protaper Gold (PTG); Group
2 - ProFit 83 (PS3); Group 3 - Hyflex CM (HCM). Instrumenta-
tion was done using the file systems of the respective groups and
post-operative CBCT was taken.

The canal centering ability was assessed at 3, 6, and 9 mm from
the root apex. The following formula was used the calculate the
canal centering ability:

Figure 1: Demonstrating teeth mounted on wax models.

Figure 2: Demonstrating pre and post-instrumentation CBCT images and showing al, b1, a2 and b2..
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(al —a2 )/ (b1l b2 ) or (b1l —b2)/(al —a2); where al and b1l the
shortest distance from the mesial edge of the root to the mesial
edge of the uninstrumented canal and the shortest distance from
the distal edge of the root to the distal edge of the uninstru-
mented canal. a2 and b2 the shortest distance from the mesial
edge of the root to the mesial edge of the instrumented canal
and the shortest distance from the distal edge of the root to the
distal edge of the instrumented canal (Figure 2). According to this
formula, a result of ‘1’ indicates perfect centering.

The data were evaluated statistically using SPSS software (Ver-
sion 23.0) by one-way analysis of variance (ANOVA) followed by
the post hoc Tukey test to explore canal centering ability in each
group. The level of significance was set at 0.05.

https://scidoc.org/IJDOS.php

Results And Discussion

Table 1 shows the centering ratio values at 3, 6, and 9mm levels
for the three groups. The mean canal centering ratio for PTG at 3
mm was 1.85mm, at 6 mm was 1.53 and at 9 mm was 1.9mm. The
mean canal centering ratio for Profit S3 at 3 mm was 1.6mm, at 6
mm was 1.49 and at 9 mm was 1.6mm. The mean canal centering
ratio for Hyflex CM at 3 mm was 1.6mm, at 6 mm was 1.56 and
at 9 mm was 1.71mm. The mean canal centering ratio showed
no statistical difference at any level between any of the groups
(p>0.05) (Table 2, Figure 3).

In this study, the canal centering ability of three brands of rotary
endodontic file systems namely, Protaper Gold, Profit S3, and Hy-

Figure 3: Bar graph representing the mean canal centering ratios for each group at 3, 6 and 9mm levels. No statistically

significant difference observed between any of the groups at any of the levels (p>0.05).

Table 1: Representing the Mean Canal Centering Ratios for the three file systems at 3, 6, and 9mm levels.

Groups At3mm | At6 mm | At9 mm

PTG Mean 1.85 1.535 1.9
Std. Deviation 1.599 0.606 1.983

PS3 Mean 1.6 1.466 1.6
Std. Deviation 1.713 1.057 1.487

HCM Mean 1.55 1.7 1.65
Std. Deviation 1.012 1.317 1.226
Total Mean 1.667 1.567 1.717
Std. Deviation 1.428 1.004 1.546

Table 2: Comparing the centering ability between groups by ANOVA and post hoc Tukey tests of significance. No statistically significant difference observed be-

tween any of the groups (P>0.05).

Dependent (I) Groups (J) Groups Mean Difference Std. Er- Sig.
Variable an ror
At 3 mm Protaper Gold Profit S3 -0.23 0.275 0.685
Hyflex CM -0.18 0.275 0.792
Profit 83 Protaper Gold 0.23 0.275 0.685
Hyflex CM 0.05 0.275 0.982
Hyflex CM Protaper Gold 0.18 0.275 0.792
Profit 83 -0.05 0.275 0.982
At 6 mm Protaper Gold Profit 83 0.64 0.389 0.244
Hyflex CM -0.37 0.389 0.613
Profit 83 Protaper Gold -0.64 0.389 0.244
Hyflex CM -1.01000* 0.389 0.039
Hyflex CM Protaper Gold 0.37 0.389 0.613
Profit 83 1.01000* 0.389 0.039
At 9 mm Protaper Gold Profit S3 -0.872 0.407 0.1
Hyflex CM -0.477 0.407 0.479
Profit S3 Protaper Gold 0.872 0.407 0.1
Hyflex CM 0.395 0.407 0.601
Hyflex CM Protaper Gold 0.477 0.407 0.479
Profit S3 -0.395 0.407 0.601
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flex CM, was assessed at 3, 6, and 9 mm from the apex. All the
canals were enlarged up to a tip diameter of 0.25mm and a taper
of 6%. The lower the value in the centering ratio indicated the
preparation was centered in the canal. There was no statistical
difference among the three groups (P > 0.05), indicating that all
three file systems were well centered in the root canal at 3, 6, and 9
mm from the root apex. This can be related to instrument manu-
facturing, all three systems are heat-treated file systems, making
it more flexible and less straightening within the canals during
instrumentation.

A number of factors are known to influence the canal centering
ability of endodontic files. They include; alloy used, cross-section,
taper, tip design, etc [29]. In general, NiTi files with the less cross-
sectional area and taper, and with a non-cutting tip show better
canal centering ability.

The cross-section of PTG files is convex triangular, PS3 is offset
rectangular and Hyflex CM is double fluted. All the files have a
non-cutting tip. The PS3 and PTG both have a variable taper and
both are heat-treated file systems, the difference is that PTG has
a sequence of instruments to be used and whereas PS3 is a single
file system [12].

A previous study by Arslan etal. in 2017, concluded that there was
no significant difference among Protaper Gold, ProTaper Univer-
sal, and Reciproc file systems when tested for centering ratio at 3
mm, 5 mm, and 7 mm from the apical terminus of the root [30].
A study by Igbal et al. [31] compared the apical transportation
between the ProFile and ProTaper instruments. They stated that
the variable taper design of Protaper dampens the screw-in effect.
Thus, a simpler convex triangular design, as seen in the case of
Protaper, is capable of performing equally well or slightly better
than ProFile. A comparative study by Guelzow et al, of six rotary
Ni-Ti systems (Flexmaster, System Gt, HERO 642, K3, ProTa-
pet, and Race) showed that ProTaper instruments created more
regular and uniform canal diameters [32]. Conversely, Yoshmine
et al. [33] compared the shaping effects of three Ni-ti rotary in-
struments: ProTaper, K3, & RaCe, in simulated S-shaped canals.
They proved that the ProTaper files caused significantly greater
canal widening, especially on the concave aspect of the curve,
tending towards straightening of the canal, whereas the K3 and
RaCe groups showed no indication of deviation.

A similar study on the Profit S3 system evaluated the canal trans-
portation, centering ability and RDT of PS3 with PTG and One-
Curve systems. They concluded that no significant difference was
observed between the three systems in terms of canal centering
ability [12]. The cross-section of the PS3 system is similar to the
Protaper Next system having an offset rectangular cross-section
with a two-point contact. A study by Mamede-Neto et al, 2017
stated that there was no significant difference between the canal
centering ability of Protaper Gold and Protaper Next files [34].

Tirthankar et al [35] assessed the canal centering ability of Pro-
taperNext, Hyflex CM and Twisted files in mandibular molars
and concluded that Twisted files had the best centering ratios
followed by Hyflex CM and finally Protaper Next. Kishore et al
[36] compared Hyflex CM, Twisted files, and Wave One files and
concluded that Hyflex CM showed the best canal centering ability
and the least canal transportation. Although this study made use
of 4% taper of Hyflex CM and stated that the better results may

https://scidoc.org/IJDOS.php

be attributed to this lesser taper used.

NiTi rotary file systems have brought about a massive improve-
ment in endodontics in terms of speed, shaping ability, reduced
operator fatigue, etc. With the developing technology used to
manufacture these new-age file systems, the error rates have
dropped to almost negligible. Although a number of in vitro re-
searches are being done testing these instruments, long term clini-
cal studies on the outcome, success and survival of the treated
teeth are more desirable.

Our institution is passionate about high quality evidence based
research and has excelled in various fields [10, 37, 46].

Conclusion

In conclusion, this in vitro study showed that all the NiTi rotary
systems investigated were safe to use, as they remained relatively
centralized within the root canal. Hence they can be used even in
curved canals without the fear of canal transportation or straight-
ening. Further studies should be conducted to replicate these
findings in real clinical situations.
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