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Introduction

Nickel  Titanium instruments are used to clean and shape the root 
canals productively compared to manual instrumentation. The ap-
plication of  NiTi instruments is mainly for its ability to maintain 
the original canal morphology, maintaining the position of  api-
cal foramen[1], and providing adequate taper for the obturating 
material. Root canal cleaning and shaping are important phases 
in endodontic therapy. Ledge formation, transportation of  api-
cal foramen, and non-tapered hourglass-shaped preparation are 
problems frequently observed after instrumentation in curved 
root canals[2]. To overcome these drawbacks manufacturers have 
brought about different modifications in the file design, taper, 

and the material aspect as well. The purpose is to maintain the 
original canal shape without creating severe irregularities such as 
zip, ledge, or perforation, particularly in narrow curved canals, be-
cause of  their super-elastic behavior and shape-memory property. 
Improved endodontic file versatility would minimize iatrogenic 
errors caused by canal transportation, while the quality and pro-
tection of  root canal treatment[3].
 
Each tooth morphology varies and instruments are to be chosen 
based on the severity of  the canal curvature and the canal width. 
The important factor in considering an instrument is the taper, 
cross-section, the rake angle, depth of  flutes, and the number 
of  spirals all these have an influence on the instrument behav-
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Aim: To compare the canal transportation & centering ability between ProTaper Gold, Trunatomy & Profit S  
Materials And Methods: 30 freshly extracted maxillary premolar were included in the study. Pre-operative CBCT and calcu-
lation of  a1 and b1 at 3,6,9 mm from the apex.Group 1: cleaning and shaping with ProFit S3 up to PF2 file (#25,0.06).Group 
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level was set at P = 0.05; statistical analysis was performed with SPSS statistics version 20.0 (SPSS Inc., Chicago, IL, USA). 
Results : There was a significant difference among the three groups. ProTaper Gold showed slightly more canal transporta-
tion compared to the other files this could be due to its variable taper (8 % taper). Trunatomy (26 , 4% taper) and ProFit S3 
(25 , 6 %  VV taper).There was a significant difference among the three groups. ProTaper Gold showed a lesser centering 
ratio compared to the other files this could be due to its variable taper (8 % taper). Trunatomy (26, 4% taper) and ProFit S3 
(25, 4-8 %  VV taper) had no significant difference i.e it had a better centering ratio, this could be due to the taper variations 
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centering ratio compared to ProTaper Gold rotary file system.
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iour[4-6] combined with its thermo-mechanical processing.

Canal transportation is defined as the removal of  canal wall struc-
ture on the outer curve in the apical half  of  the canal due to the 
tendency of  the file to return back to its original liner shape dur-
ing canal preparation[7,8] NiTi instruments are rapid and more 
centered in the root canal compared to stainless steel instruments. 
The centering ability of  a file system is based on its taper and 
cross-section[9]
 
Protaper gold files(PTG; Dentsply, Tulsa Dental Specialties, Tul-
sa, OK, USA) are similar to its predecessor the  Protaper universal 
file system. It has been developed with proprietary advanced met-
allurgy which has better cutting efficacy with a variable taper and 
convex triangular cross-section. When compared to its predeces-
sor it appears slightly bent in the package itself, this is not a defect 
rather due to its metallurgy. This metallurgical advancement is due 
to its heat treatment.[10,11]
 
TruNatomy instruments (TRN) (Dentsply Sirona) are new gen-
eration file system which are pre-packaged and pre-sterilized files 
that are designed with improved cutting efficacy, simple to use 
with a continuous taper which provides for maximum peri-cer-
vical dentin preservation. These are manufactured from a 0.8mm 
diameter wire blank compared to other conventional ones which 
are 1.1mmin diameter. A post-manufacturing thermal process is 
carried out which generates super-elastic NiTi metal properties.
[12]
 
Profit S3(PS3)(Kedo Dental, India) is a new heat-treated file sys-
tem with blue technology that is coated with titanium oxide coat-
ing. It has a rectangular cross-section with a two-point contact 
which reduces debris extrusion apically. Its taper is variably vari-
able (VV) between 4% to 8% with increased flexibility, adequate 
shape memory and more resistance to fracture.[13]

With recent advances, a non-destructive technology has been ad-
vocated for the pre-and post- instrumentation evaluations of  the 
canal. Cone-beam computed tomography(CBCT) is used to ac-
crue the data in these type of  studies and its main advantage is 
that it provides cross-sectional and 3D images with high accuracy, 
high resolution, fully quantifiable, and results are repeatable[14]

The aim of  the current study is to evaluate the canal transporta-
tion and centering ability of  three rotary file systems using CBCT 
in single-rooted extracted teeth..The null hypothesis was that there 
was no difference in the canal transportation and canal centering 
ability, between the tested NiTi rotary instruments in single-root-
ed teeth. Previously our team has a rich experience in working on 
various research projects across multiple disciplines[15-29] Now 
the growing trend in this area motivated us to pursue this project.
                                                                            
Materials And Methods

Thirty extracted human mandibular premolar teeth with fully 
formed apices were included in this study. The teeth exhibited 
no defects, root canals were not calcified, showed no internal or 
external root resorption, no signs of  prior endodontic treatment, 
and no aberrant canal morphology; each tooth had a single ca-
nal and a single apical foramen, based on buccal and proximal 
radiographic examination. Crowns were decoronated to increase 
standardization, and only teeth measuring 16 mm were included 

in the analysis[30]. Schneider's methods were used to select man-
dibular premolars with fully formed apices and curvature angles 
of  0°–10°. The teeth in this study were extracted for periodontal 
or orthodontic purposes and preserved in normal saline at 4°C 
until they were required[31]. By using a diamond disc to decorate 
all of  the samples, they were all uniform to 16 mm in length.
[30,31]. The access cavity was prepared using Endo Access bur, 
21 mm size 2 (Dentsply Maillefer, Swiss made) was used and K-
file (Mani, Utsunomiya, Tochigi, Japan) of  size #10 hand files 
were used to achieve the initial patency of  the canal to full work-
ing length (WL), visible at the apical foramen, and the WL was 
established 1 mm short of  this length[13].
 
The decoronated teeth were randomly divided into three groups 
and embedded in modeling wax in mandibular arch form, Group 
I – Profit S3(PS3), Group II – TruNatomy, and Group III – Pro-
taper Gold(PTG). Pre-operative CBCT was taken for all the were 
taken for all the decoronated teeth to determine the morphology 
of  the canals before instrumentation and tabulated as a1 and b1 
at the following length from the apex. At 3, 6, and 9 mm from 
the root apex, the centering capacity, canal transportation, and 
amount of  dentin extracted were assessed[14]. After the cleaning 
and shaping process, post instrumentation scans were taken and 
tabulated as a2 and b2 at 3,6 and 9mm from the apex. Pre- and 
post-instrumentation scans were analyzed using CBCT, and the 
values were obtained on axial view. According to Gambill et al, 
canal transportation was  measured
  
([a1-a2]-[b1-b2])

Canal centering ability    (a1-a2)/b1-b2)or(b1-b2)/(a1-a2) 

The changes in the canal centering ratio and canal transportation 
data were analyzed using one-way ANOVA and the independent 
t-test was done for the pairwise comparison. The significance lev-
el was set at P = 0.05; statistical analysis was performed with SPSS 
statistics version 20.0 (SPSS Inc., Chicago, IL, USA).

Results And Discussion 

The mean value for canal transportation and centering ability had 
a significant difference between the three groups(P<0.05).PS3 
and TruNatomy had no significant difference(P>0.05) in canal 
transportation(Figure 1) and centering ability(Figure 2) and PTG 
has a significant difference when compared to the other two file 
systems. 

The biomechanical preparation of  the root canal space is thought 
to be critical for the success of  endodontic therapy. The goal is 
to remove all essential tissue, necrotic waste, and microorganisms 
from a root canal system completely[32]. The aim of  root ca-
nal mechanical preparation is to preserve the tooth's natural or 
original canal morphology, which allows for sufficient irrigation, 
intracanal medicament placement, and three-dimensional obtura-
tion.(33).Endodontic planning is complicated by some deviation 
or curvature in the canal. Canal curvature especially in the apical 
third provides an endodontic challenge[33]

Adequate canal cleaning can be obtained only when the shaping 
of  the canal is appropriate for the irrigant to penetrate to the 
apical region which is of  prime importance. Disinfection of  the 
apical 3rd of  the root canal can be obtained by a synergistic effect 
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of  both instrumentation and irrigation protocol. Shaping of  the 
canal provides for the foundation for the disinfection protocol 
which can be achieved by endodontic irrigation and placement of  
intracanal medicament.

In the current study, all the teeth were cleaned and shaped in 
the following sizes Protaper gold till size #25, Trunatomy #26, 
and ProFit S3 #25. After which the post instrumentation CBCT 
was taken. A major advantage of  using CBCT is that the results 
obtained are reproducible and repeatable. The 3- dimensional 
geometric values are accurate compared with conventional radio-
graphic methods. CBCT provides images that eliminate superim-
position thereby providing good quality images.[34]
 
Transportation of  the canal occurs due to the rigidity of  the file 
during canal preparation. This leads to the non-uniform distri-
bution of  stresses which in turn causes straightening of  the file 
within the canal at the canal curvature.[33]  On the outside curve 
of  the apical region of  the root canal during canal preparation, 
the files have a tendency to straighten and restore to their original 
form[35].The fact that all of  the instruments have non cutting 
tips that operate with minimal apical pressure and only serve as a 
guide to allow easy penetration into the canal[36]. In the present 
study, it was evident that the canal transportation among the three 
groups was not statistically significant (P > 0.05) implying some 
deviation was present but not to the extent that it could result in 
a deleterious effect on the tooth. This result is consistent with the 
results provided in the previous study by Antony et al[13]. A study 
by Shivashankar et al stated in his study that instruments that have 
a 3 point contact in the canal can lead to more canal transporta-
tion compared to the 2 point contact (offset design) which is vali-
dated in the current study where Protaper Gold produces more 
canal transportation compared to ProFit S3.

Canal transportation is an iatrogenic mistake or alteration that af-
fects the canal's external surface. It results in inadequate debride-

ment of  the canal's apical region and excessive removal of  the 
canal's concave surface[33]. When comparing the groups individ-
ually ProTaper Gold showed slightly more canal transportation 
compared to the other files this could be due to its variable taper 
(8 % taper). Trunatomy (26, 4% taper) and ProFit S3 (25 ,VV 
taper) had no significant difference this could be due to the taper 
variations and offset design.

Centering ability was defined as the ability of  an endodontic in-
strument or file to remain in the central axis of  the root canal.[37]
Canal centering ability of  the file is influenced by the alloy used 
in the manufacturing process of  the instrument, along with the 
file design which consists of  cross-section, tip, and taper of  the 
instrument.[38] The lower the value in the centering ratio analysis, 
the more centered the preparation within the canal.[13] There was 
a significant difference among the three groups. ProTaper Gold 
showed a lesser centering ratio compared to the other files this 
could be due to its variable taper (8 % taper). Trunatomy (26, 4% 
taper) and ProFit S3 (25,  VV taper) had no significant difference 
i.e it had a better centering ratio, this could be due to the taper 
variations and offset design. Though both these files have differ-
ent tapers their centering ratio was similar this could be due to its 
cross-section and flexibility of  the file.

In the current study Protaper gold and Trunatomy files were com-
pared, both were manufactured by the same manufacturer. No 
study has been done in the past to compare these two instru-
ments. Though these two systems had different taper, the idea 
to compare was to identify which file performed better though 
they were developed by the same manufacturer.Our institution 
is passionate about high quality evidence based  research and has 
excelled in various fields [39][49].

The aim of  this study was to test heat-treated rotary file systems, 
such as PTG, PS3, and TruNatomy. The three systems were found 
to have no major differences in canal centering capacity and canal 

Figure 1: The graph shows the mean of  canal transportation of  Group I – Profit S3 , Group II – Trunatomy,Group III – 
ProTaper Gold  at 3, 6 and 9 mm from the root apex of  the teeth. There was statistically significant difference between the 3 

groups (P > 0.05)

Figure 2: The graph shows the mean of  canal centering ratio of  Group I – Profit S3 , Group II – Trunatomy, Group III – 
ProTaper Gold at 3, 6 and 9 mm from the root apex of  the teeth. There was a  statistically significant difference between the 

three groups (P > 0.05)
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transportation in this analysis, but PTG shows a mild difference 
in centering ability and canal transportation.

Conclusion

From this study, it can be concluded that Trunatomy and ProFit 
S3 had lesser canal transportation and a better centering ratio 
compared to ProTaper Gold rotary file system. Further studies 
are to be carried out to substantiate the in-vitro study for clinical 
purposes.
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