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Ab s t r ac t​
Aim: This study was carried out to compare canal transportation in three new rotary file systems, namely TruNatomy, ProTaper Gold, and Hyflex 
Electric Discharge Machining file system, using cone-beam computed tomography.
Materials and methods: The study was conducted on 105 extracted teeth consisting of 60 extracted mandibular first molars and 45 mandibular 
second premolars involving the mesiolingual canal of mandibular first molar and the root canal of second premolar. The teeth were randomly 
divided into three groups of 35 out of which each group consisted of 20 mandibular first molars and 15 mandibular second premolars. The 
TruNatomy rotary file was used in group I, ProTaper Gold was used in group II, and Hyflex Electric Discharge Machining was used in group III. 
Cone-beam computed tomography scan images were obtained both before and after instrumentation. Changes caused by preparation in the 
coronal, middle, and apical thirds were determined on cone-beam computed tomography scans and analyzed using the Kruskal–Wallis test at 
p ≤ 0.05 level of significance.
Results: TruNatomy showed least amount of canal transportation as compared with other two file systems at all the three levels of canals. 
ProTaper Gold showed maximum amount of canal transportation as compared with other two file systems at all the three levels of canals. The 
Hyflex EDM rotary file system showed transportation, which was more than the TruNatomy file system while it was less than that of ProTaper 
Gold. The difference was statically significant at the middle one-third level (p = 0.03) and at the coronal level (p = 0.02).
Conclusion: The TruNatomy system has least amount of canal transportation as compared with ProTaper Gold and Hyflex EDM system. With 
potential to preserve tooth structure, this file has an added advantage over other rotary file systems.
Clinical significance: The TruNatomy file system has been recently introduced with good cyclic fatigue resistance. It is necessary to evaluate 
the root canal transportation caused by the TruNatomy file.
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In t r o d u c t i o n​
Biomechanical preparation of the root canal is the process 
carried out with the main aim of removing remnants of pulp, 
microorganisms, debris, and the necrotic tissue from the root 
canal and make it prepared for three-dimensional root canal filling. 
The canal preparation should be such that there is preservation 
of anatomy of the root canal alongwith the maintenance of the 
apical foramen position and prevention of weakening of the root 
canal.1 However, canal transportation is found during root canal 
preparation on application of rotary as well as manual instruments 
for root canal preparation. Canal transportation is the defect 
involving the dentin removal from the wall of the root canal. It is due 
to the property of the rotary or manual file to get back to its original 
shape and get in straight position during root canal preparation.2

It has been found that nickel titanium (NiTi) rotary files usually 
are found to preserve the anatomy of the root canal properly as 
compared with the contemporary stainless steel hand instruments. 
But root canal preparation of curved canals is still a major problem for 
the endodontists.3 Therefore, the manufacturers have introduced 
new designs and technologies of the rotary file system in order 
to improve their safety, performance, and mechanical properties. 
These features include controlled memory, thermal technology,  
R phase and M wire, and few more. Hyflex EDM (HFEDM), ProTaper 
Gold (PTG), and TruNatomy (TRN) file system are examples of the 
latest generation of rotary instruments.4,5

Hyflex EDM (Coltene, USA) is a new rotary file system that was 
launched with a new manufacturing property based on electric 
discharge machining popularly stated as the EDM-based file system. 
This file system has added advantage of controlled memory (CM) 
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prime size with 26/0.04 taper were used. ProTaper Gold was used 
in the following manner: SX file (one half of the working length), 
S1 file, S2 file, F1 and F2 files (full Working Length) with a taper of 
25/0.08; HFEDM (25/0.08) was used for shaping the root canal up 
to working length according to the manufacturer’s guidelines.

Before starting the root canal preparation, CBCT machine 
(Vatech 3D system, Korea) was used to obtain three-dimensional 
images. The exposure parameters were adjusted at exposure time 
of 10 seconds, current at 5.4 Ma, voxel size of 0.08 mm, kVp at  
89, and field of view at 50 × 50 mm.

Preparation of the access cavity of each tooth was done with the 
help of a high-speed handpiece using diamond burs under water 
and air spray. Then there was negotiation of mesiolingual canal 
orifice of mandibular first molar and mandibular second premolar 
canal orifice. A #10 K file (Densply) was used for determination of 
working length. It was introduced inside the root canal till its tip 
reached to the root apex. After that determination of working 
length took place, which was 1 mm less than the length measured 
with the #10 K file. The instrumentation of all canals was done up 
to the determined working length by applying the crown down 
technique with the help of a endomotor. The endomotor used 
in this study was X-Smart plus Endomotor (Dentsply Maillefer, 
USA). The speed and torque were adjusted as per the instructions 
recommended by the manufacturer. 2.5% sodium hypochlorite 
solution was used for irrigation and 17% EDTA was used for removal 
of the smear layer.

The CBCT scans of the teeth were obtained after instrumentation 
with the same parameters used earlier for taking CBCT scans 
before instrumentation (Fig 1). The wall thickness of the root 
canal was measured both before instrumentation as well as after 
instrumentation at three locations, which were at apical level, 
middle level, and coronal level by the same investigator who was 
kept completely unaware of the study design. All the root canal 
preparation was carried out by the same clinician.

Ca n a l Tr a n s p o r tat i o n​
Canal transportation was calculated in the mesiodistal direction 
(Fig. 2). Different measurements were taken in consideration.  
X1 represents the thickness of dentin before instrumentation while 
X2 represents the thickness after instrumentation. Y1 represents 
the distance between the periphery of the uninstrumented canal 
and furcation of the root. Y2 represents the distance between the 
periphery of the instrumented canal and the inside of the root. 
Measurements were done in both images of pre-instrumentation 
as well as post-instrumentation at three locations at 3, 6, and 9 
mm from apex. Canal transportation at each level was calculated 
by using the method prescribed by Gambill et al. (Fig. 2)14 with the 
help of equation: [(X1 − X2) − (Y1 − Y2)].13 When the transportation 
value is zero, then it represents that there is no transportation; 
when the value is a positive then it represents that transportation is 
directed toward the mesial side; while the negative value represents 
that transportation is directed to the distal side of the canal. Data 
were collected and the statistical analysis was carried out by using 
the nonparametric Kruskal–Wallis test. p ≤ 0.05 was considered as 
statistically significant.

Re s u lts​
When evaluation was done at the apical one-third (3 mm from 
root apex), then the TRN rotary file system showed minimum 

treatment. Therefore, this rotary file system is believed to have 
improved flexibility and increased resistance to cyclic fatigue. 
Besides, there is reduction in the shape memory helping in 
reducing the canal defects.6,7 ProTaper Gold (PTG, Dentsply Sirona, 
Switzerland) is also a new rotary file system being manufactured 
from M-wire, which is new alloy of NiTi involving thermal treatment. 
It results in increasing the flexibility and cyclic fatigue resistance of 
PTG file system.8,9 TruNatomy instruments (TRN, Dentsply Sirona 
Switzerland) are the latest rotary file system being introduced 
with a special mechanical design and better heat treatment of NiTi 
alloys. It is available in three different shapes, which according to 
manufacturers creates a thin shaping leading to greater space in 
the canal. These are of parallelogram outline as observed in cross-
section with off-centered design. As a result of this unique design, 
there is much improved flexibility of the TRN file system.10–12

No study has been conducted before to compare canal 
transportation in these three file systems. There can be various 
methods for this analysis but cone-beam computed tomography 
(CBCT) imaging is the most reliable technique because of its precise 
three-dimensional analysis of the root canal anatomy. Since the 
accuracy of CBCT is well established, therefore it is considered as 
a standard method for making comparison among different file 
systems for canal transportation.13

Hence, this study has been conducted to compare canal 
transportation in three new rotary file system, namely PTG, HFEDM), 
and TRN file system using CBCT.

Mat e r ia  l s a n d Me t h o d s​
The study was conducted at Patna Dental College, Patna. It 
was performed on 105 extracted teeth consisting 60 extracted 
mandibular first molars and 45 mandibular second premolars 
involving the mesiolingual canal of mandibular first molar and 
the root canal of mandibular second premolar. Only those teeth 
were included in the study in which there was one apical foramen 
with no signs of internal resorption of tooth. Those teeth that 
were found to have these defects were not included in the study 
and new normal teeth were used in place of them. There were 
orthodontic and periodontal reasons for the extraction of teeth. 
Mandibular first molar was selected for the study because it is the 
most common to undergo endodontic treatment. The collected 
teeth were treated with 0.1% thymol solution for 24 hours at 9°C. 
The purpose of such process was to remove the tissue remnants 
and debris alongwith proper disinfection. Tap water was then used 
to remove the residues of thymol from the teeth. Then they were 
put in normal saline maintained at 4°C. The teeth were stored until 
the analysis was carried out. Digital radiographs were taken for the 
initial analysis of root morphology using dental RVG (Vatech, Korea). 
All teeth were analyzed to rule out root defects like fracture, craze 
lines, and cracks with the help of a stereomicroscope adjusted at 
magnification of ×12. The length of each tooth specimen was kept 
at a standard length of 19 ± 1 mm. It was done by using diamond 
discs for decapitation of tooth crown from the occlusal surface. 
The rotary file systems used in this study were TRN file (Densply 
Sirona, Switzerland), PTG file (Densply Sirona, Switzerland), and 
HFEDM file (Coltene, USA).

The teeth were randomly divided into three groups of 35 out 
of which each group consisted of 20 mandibular first molars and 
15 mandibular second premolars. The TRN rotary file was used in 
group I. ProTaper Gold was used in group II, and HFEDM was used 
in group III. For TRN instruments, small size with 20/0.04 taper and 
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The TRN rotary file system showed minimum transportation 
while PTG showed maximum mean canal transportation. The 
HFEDM rotary file system showed transportation, which was more 
than the TRN file system while it was less than that of PTG. The 
results were statistically significant at the middle one-third and 
coronal level but at apical level the difference was not statistically 
significant.

transportation of 0.011 ± 0.006 mm while PTG showed maximum 
mean transportation of 0.016 ± 0.004 mm. HFEDM showed 
transportation of 0.014 ± 0.005 mm  (Table 1 and Fig. 3).

During the analysis at the middle one-third (6 mm from root 
apex), the TRN file system was found to have produced least 
transportation of 0.012 ± 0.004 mm while PTG produced maximum 
transportation of 0.056 ± 0.006 mm. The HFEDM rotary file system 
showed transportation of 0.044 ± 0.008 mm, which was more than 
that of the TRN file system while it was less than that of PTG. The 
difference was statically significant with p value 0.03 (p ≤ 0.05) 
(Table 1 and Fig. 3).

When mean amount of canal transportation by three file 
systems was analyzed at the coronal one-third (9 mm from apex), 
then the mean amount of transportation for the TRN file system 
was minimum, i.e., 0.023 ± 0.002 mm, while it was maximum in case 
of the PTG file system, i.e., 0.106 ± 0.007 mm. The mean amount of 
transportation for the HFEDM file system was 0.104 ± 0.007 mm. The 
difference was statically significant with p value of 0.02 (p ≤ 0.05).

Figs 1A to F: (A) CBCT scan image of mandibular first molar and 
mandibular second premolar before instrumentation at apical level; 
(B) CBCT scan image after instrumentation at apical level; (C) Before 
instrumentation at middle one-third level; (D) After instrumentation at 
middle one-third level; (E) Before instrumentation at coronal one-third 
level; (F) After instrumentation at coronal one-third level. Red marks 
indicate canal transportation

Fig. 2: Canal transportation by three file systems at three regions of 
canals

Table 1: Mean amount of canal transportation by three file systems at 
the apical, middle one-third, and coronal one-third levels

Location File system

Mean amount of 
transformation 
(mm) p value

Apical one-third TRN 0.011 ± 0.006 0.07
PTG 0.016 ± 0.004
HFEDM 0.014 ± 0.005

Middle one-third TRN 0.012 ± 0.004 0.03*
PTG 0.056 ± 0.006
HFEDM 0.044 ± 0.008

Coronal one-third TRN 0.023 ± 0.002 0.02*
PTG 0.106 ± 0.007
HFEDM 0.104 ± 0.005

*Statistically significant

Figs 3A and B: (A) Representative CBCT image of pre-instrumentation;  
(B) Representative CBCT image of post-instrumentation. The 
measurement of canal transportation is done by using the equation 
prescribed by Gambill et al.: [(X1 − X2) − (Y1 − Y2)]
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slim design. This unique slim design of TRN provides sufficient space 
for the file system in the root canal for process of debridement.16 
The unique slim design of the rotary file system is due to the 
reason that the NiTi wire used in TRN is of 0.8 mm design instead 
of 1.2 mm design being used commonly by other rotary NiTi file 
systems. The basic geometric design of the TRN file system is special 
parallelogram design along with an off-centered design. The TRN 
is being manufactured by utilizing special NiTi wire that is heat-
treated in an effective manner. This has caused enhancement in 
the flexibility of the TRN instrument.17

Due to all these properties, TRN is believed to maintain the 
basic anatomy of the root canal and preserve the integrity of 
tooth. The probability of developments of procedural defects 
like canal transportation is quite low in TRN.17 These file systems 
are available in the market in presterilized and prepacked forms, 
which are specially designed for shaping of the root canal with 
continuous taper design. This file system preserves the dentine of 
walls of the root canal. Therefore, the clinician is able to have TRN 
as a new simple and safe file system with increased cutting ability 
and better mechanical properties in comparison to previous rotary 
instruments meant for root canal preparation.15

In this study, a new three-dimensional imaging technique 
CBCT was used for analyzing the canal transportation. There can 
be other various methods for this analysis but CBCT imaging is the 
most reliable technique because of its precise three-dimensional 
analysis of the root canal anatomy. Since the accuracy of CBCT is 
well-established, therefore it is considered as a standard method 
for making comparison among different file systems for canal 
transportation.14,21

The limitation of this study was that there was measurement 
of transportation in the mesial and distal directions only while the 
transportation in the buccal and lingual directions was deleted. 
There was heavy expenditure in this study, which led to limitation 
of the sample size.

Co n c lu s i o n​
The TRN system has least amount of canal transportation as 
compared with PTG and HFEDM systems. With this property to 
preserve tooth structure, this file has benefit over other rotary 
file systems. However, more studies are required to analyze other 
properties of this file system.
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