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Introduction

INTRODUCTION

The endodontic triad for successful root canal therapy
depends on proper access cavity preparation, thorough debridement
of pulp cavity by cleaning and shaping of the root canals, followed
by the obturation of the root canal system.!"” Chemo mechanical
preparation of the root canal system has been considered as a
critical step in root canal therapy, aiming to remove necrotic tissue,
microorganisms, and dentin debris from the root canal system. ()
Microbial biofilms in the infected root canal are the primary cause
for apical periodontitis. One of the important contributions of
mechanical instrumentation is the reduction of microbial load by
disruption of biofilm from the root canal. ® Instrumentation
mechanically removes the adhered biofilms in the root canal and
also creates sufficient space to allow the irrigants to reach the
apical third of the root canal system. Several studies have reported
the reduction of bacterial load up to two folds after instrumentation
and irrigation using physiological saline. ) Enlarging the root
canal to adequate sizes removes heavily infected dentin-containing
biofilms. It exposes the bacteria to irrigants and intracanal
medicaments upto the apical part of the root canal and into dentinal
tubules to a specific limit. Hence, instrumentation of the root canal
is always prerequisite for all cleaning methods. Improper
instrumentation of root canal could lead to persistent apical

pathology, resulting in failure of root canal therapy. =7
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Historically endodontic files were manufactured from carbon
steel had poor corrosion resistance and were prone to rust. In the
early 1900s Kerr, the manufacturing company designed and
manufactured the endodontic instruments that were made from
stainless steel blanks to improve the efficacy of root canal
preparation and to eliminate the disadvantage of carbon steel
files. ® Stainless steel files possess an inherent stiffness, which
increases with an increase in the instruments' size. Because of its
stiffness, the operators had difficulty in preparing curved root
canals, especially while using filing motion where the restoring
forces attempt to return the instruments to their original shape. ®)
The advent of NiTi rotary instruments which use 360° rotating low-
speed motors have changed the view of root canal
instrumentation. Walia et al. in 1988 were the first to report the
application of Nickel Titanium (NiTi) in endodontics. The files are
manufactured from nitinol orthodontic wire that composed of 55%
nickel and 45% titanium by weight. It had two to three times greater
flexibility during bending and torsion when compared to stainless
steel files of similar sizes. (!®) Studies have proven that NiTi files to
be more flexible than stainless steel files, leading to better
preservation of root canal curvature while minimizing procedural
errors. (''"!3) These instruments enabled the practitioners to prepare
the challenging root canal complexities to a greater size without

producing iatrogenic errors compared to hand stainless steel files.

(14-16)
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The first generation of NiTi rotary files (Eg. ProFile series;
Dentsply Tulsa and Maillefer) had passive cutting radial lands with
fixed tapers of 4% and 6% over the entire length of their active
blades. A large sequence of files were required to accomplish the
objectives of root canal preparation which became the drawback of
first-generation NiTi rotary files. By the end of 1990s, the second
generation of NiTi rotary files came into the market, which had
active cutting edges without radial lands and required fewer
instruments to fully prepare the root canal due to the presence of
variable tapers in a single file. Examples of second-generation NiTi
rotary files include ProTaper Universal (Dentsply Tulsa), Mtwo
(VDW), K3 (Sybron endo). These files had a variable helical angle
between the cutting blades and a variable pitch aimed to reduce the
screw-in effect. (!7The cross-section of these instruments provided
greater flexibility compared to first-generation files. However,
these files had spring back potential due to their shape memory
therefore were less centered in the root canal and reduced torsional

resistance led to fracture during instrumentation of curved canals.

(18-20)

The schilder’s principles of instrumentation of root canals
should produce continuously tapering funnel-shaped canals
following the original path of root canal anatomy, resulting in
narrow apical diameter. ') However, these principles were

challenging to adhere when instrumenting curved canals, especially
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in mesial roots of maxillary and mandibular molars which can lead
to a greater likelihood of procedural errors such as root canal
transportation, ledge formation, strip perforations, and instrument
separation which negatively influences the outcome of root canal

therapy by affecting the apical seal. (223

Root canal centering ability is defined as an instrument's
ability to remain centered in the root canal during instrumentation.
Canal transportation is the sustained deviation from the root canal's
original axis, creating damage to the apical foramen, leading to loss
of apical stop during obturation. **) Heat treatment is one of the
fundamental approaches towards adjusting the transition
temperatures of NiTi alloys. It consists of heating a material to a
given temperature and cooling it under controlled conditions, after a
set period, to obtain specific properties such as superelasticity and
shape memory. These two properties are influenced by temperature,
heating time, and cooling rate. The martensite phase is readily
elastically deformable and can be induced by temperature (cooling)
or stress. ?2) Phase transition temperatures depend on the alloy's
chemical composition, heat treatment method, and the parameters of
cold operation. At room temperature, NiTi endodontic files have
shown that the alloy is fully in the austenitic phase exhibiting super
elastic property. In recent years, several new thermomechanical
processing and manufacturing technologies have been developed to

optimize NiTi alloys' microstructure. ® The manufacturers have
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begun to focus on utilizing temperature changes in NiTi
instruments, which reduces cyclic fatigue and improves safety while
working in curved canals. This led to the evolution of third-
generation NiTi rotary files. The examples of third-generation (Heat
treated) rotary NiTi files are (Eg: HyFlex CM (HyFlex; Coltene
Whaledent, Cuyahoga Falls, OH), K3XF (SybronEndo, Orange, CA),
ProFile GT Series X (GTX; Dentsply Tulsa Dental Specialties,
Tulsa, OK), ProFile Vortex (Vortex) and Vortex Blue (Dentsply

Tulsa), etc...

Thermomechanical alteration and surface treatment of NiTi
alloy maintain its crystallographic structure, greatly improves their
flexibility and cutting efficiency while still maintaining them
centered in the root canal. This allows for a biological preparation
without removing excessive dentin from the root canal wall.
Inadvertent removal of root canal dentin jeopardizes the remaining
dentinal thickness and decreases fracture resistance eventually
predisposing a root canal-treated tooth to vertical root fracture.
Recent studies showed the performance of heat-treated files in the

curved canals to be more efficient. (2528

Around the same time, Yared experimented on different
kinematics for NiTi files to reduce the number of rotations of file
during instrumentation to reduce cyclic fatigue. Files were

experimented to move in repetitive up-and-down or back-and-forth
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motion called reciprocating motion led to the raise of fourth-
generation NiTi files. ??Examples of few files in this generation
are Wave One and Wave One Gold (Dentsply Tulsa Dental
Specialties and Dentsply Maillefer, Ballaigues, Switzerland),
Reciproc and Reciproc Gold (VDW, Miinchen, Bayern Germany),
etc... Many studies have shown that files using reciprocating motion
have increased cyclic resistance, reduced torsional stress thereby
reducing the incidents of instrument separation; and also require
fewer instruments and lesser time for root canal preparation.
(16.23)The fifth-generation shaping files have been designed so that
the center of mass and the center of rotation are offset, producing a
mechanical wave of motion that travels along the file's length,
minimizing the engagement between the file and the root canal wall.
Reduced engagement to the dentin resulted in a limited screw-in
effect and undesirable taper lock inside the curved canals. The
offset design increased the cross-sectional space leading to
enhancement in cutting efficiency. It also provided space for debris
removal without extruding out of periradicular space or clogging

into the root canal space. G¥

Examples of few files in this
generation are ProTaper Next (Dentsply Tulsa Dental Specialties

and Dentsply Maillefer, Ballaigues, Switzerland), Revo — S (micro

mega) etc.

The concept of preserving peri-cervical dentin came into play

in recent years, which made a paradigm shift in root canal
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instrumentation. Clark and Khademi in 2010 proposed that the peri-
cervical dentin i.e., the dentin roughly 4mm above and 6mm below
the crestal bone should be preserved to improve the long-term

clinical survival of the root canal treated teeth. G

Many files have been introduced into the market based on the
concept of preservation of peri-cervical dentin. Of which,
TruNatomy instruments (TRN) (Dentsply Sirona, Pennsylvania,
United States) has been developed as a novel type of heat-treated
NiTi instrument with a superior design. The TRN shaping
instruments are provided in three different sizes, which are small
(size 20/.04 taper), prime (size 26/.04 taper), and medium (size
36/.03 taper). The manufacturer has claimed that the three shaping
instruments of TRN are produced from a slim NiTi wire design of
0.8mm diameter, which provides more space for the debris removal
with a variable that has an off-centered parallelogram cross-section
design that aids in preserving peri cervical dentin and tooth

integrity. 3%

The newly renamed DC Taper is SS White's anatomically
designed endodontic file line claim to provide excellent safety,
strength, and flexibility. "DC" stands for “dentin conservation” and
more accurately reflects one of the key benefits of using these files.
DC Taper rotary files have a parabolic cross-section design, and it

is made of control memory wire (CM wire). 33 2Shape File System
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(TS; MicroMega, Besancon, France) is a new generation file system
produced with proprietary heat treatment (T-wire), aiming to
enhance both the flexibility and cyclic fatigue resistance by 40%. It
consists of two files: a TS1 (25/.04) and TS2 (25/.06). This system
represents the latest generation of files with a triple helix cross-
section, having two leading cutting edges, and one secondary
cutting edge, which makes it a perfect compromise between cutting

efficiency and debris removal. %

To our knowledge, there were no studies in the literature
evaluating and comparing the shaping ability of TruNatomy, Dc

Taper, and 2Shape files.
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AIM:

AIM AND OBJECTIVES

The aim of the present study was to evaluate and compare the

canal transportation, centering ability and the amount of root canal

dentin removal by three different Ni-Ti rotary files in moderately

curved mesial roots of extracted human mandibular molars using

micro-computed tomography.

OBJECTIVE:

The objective of this study was to compare three NiTi rotary

file systems on

(1)

(i1)

(111)

Canal transportation measured from the superimposed pre-
operative and post-operative scanned images of micro-CT at
3mm, 6mm and 9mm levels.

Canal centering ability measured from the superimposed pre-
operative and post-operative scanned images of micro-CT at
3mm, 6mm and 9mm levels.

Amount of dentin removed calculated by measuring the entire
root width to canal width from the preoperative and
postoperative images of micro-CT at 3mm, 6mm and 9mm

levels.(33)
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HYPOTHESIS:

The null hypothesis tested was that there would be no
difference in canal transportation, canal centering ability, and the
amount of root canal dentin removal among the three NiTi rotary
file systems being studied, in mesial roots of moderately curved

human mandibular molars.

Alternative hypothesis was that there would be a difference in
canal transportation, canal centering ability, and the amount of root
canal dentin removal among the three NiTi rotary file systems being
studied, in mesial roots of moderately curved human mandibular

molars.

10
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REVIEW OF LITERATURE

Christina Razcha et al. in 2020 7 compared the apical
transportation and centering ability of 4 different root canal
preparation systems such as Hyflex CM (HCM), Hyflex EDM
(HEDM), One Curve (OC), Wave One Gold (WOG) produced with
thermal treatments in mesial canals of mandibular molars and
evaluated using Microcomputed tomography (Micro-CT) in 3mm,
Smm & 7mm levels from the apex. Results showed that HCM and
HEDM maintained the original canal shape. HCM caused less canal
transportation than WOG at the 3-mm level in both the buccal and
lingual canals. Also, HCM resulted in less canal transportation than
WOG and OC at the 7-mm level regarding lingual canals. No
statistically significant difference was recorded between the groups
when the mean centering ratios were compared. They concluded that
all 4 test groups prepared the root canal safely with negligible
errors. They found that HCM performed better than WOG and OC in

preparing moderately curved root canals.

Funda Yilmaz et al. in 2020 *® compared the root canal dentin
removal and apical canal transportation of 3 different Ni-Ti files
such as ProTaper Next (PTN), One Shape (OS) & Edge File X3 (EF
X3) in mesiobuccal canals of maxillary first molars using Micro-
CT. Results showed that the percentage of dentin removed on the

coronal portion and the amount removed for the whole canal length

11
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were statistically similar between groups (P <. 05). The average
amount of apical transportation for the PTN, OS, and EF X3 was
0.197, 0.263, and 0.218 mm, respectively. Statistically, there were
no significant differences between the 3 rotary instruments for
apical transportation. They concluded that the amount of dentin
removed for the coronal portion and whole canal length was similar
for all files and no apical transportation of root canal with 3 NiTi

files systems studied.

Tufenkci et al. in 2020 ©% performed microg-CT analysis
evaluating the shaping ability of one curve (OC), one shape (OS)
and ProTaper Next (PTN) files in 3-dimensionally printed lower
molars with constant mesiobuccal canal curvature of about 45°.
Results showed that all systems showed an increase in canal volume
and surface area with no significant difference among OS and OC
files. Whereas PTN showed significantly increased canal volume
compared to the other two. This was attributed to design of rotary
files used in this study. OS and OC have similar triangular cross
sections where as PTN system has rectangular cross section with off
centered mass and regressive taper which can make higher contact
with the root canal wall resulting in more dentin removal compared
to OS and OC. They concluded that the OC file system showed
significantly less transportation at apical 3™ than other tested file

systems. This was may be due to the alloy made of C- wire having

12
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control memory wire property. They confirmed all the three tested

file groups are safe to use in severely curved mandibular molars.

Htun et al. in 2020 C7) evaluated the shaping and cleaning ability of
unique stainless steel rotary file system (Gentlefile; MedicNRG,
Kibbutz Afikim, Israel) compared with 2 nickel-titanium rotary
instruments Hyflex EDM; HEDM (Coltene/Whaledent, Switzerland)
and ProTaper Next; PTN, (Dentsply Sirona, Ballaigues,
Switzerland) using micro-CT imaging in mandibular premolars with
curvature ranging from 15° to 25°. The results showed that
Gentlefile showed less transportation of root canal in middle third
level than HEDM and PTN systems, superior smear layer removal
and less debris accumulation than other file system. This was
attributed to ultra-flexibility, high rotation speed and abrading
motion of Gentlefile system. The greater canal transportation of
PTN file at middle 3™ due to increased stiffness and higher vertical

force generation compared to Gentlefile system.

Abdullah Mahmoud Riyahi et al. in 2020 ©® evaluated the cyclic
fatigue resistance of TruNatomy, Twisted file and ProTaper next Ni-
Ti rotary file systems in artificially created stainless steel canals
with 60° curvature and S5mm radius. The results showed that
TruNatomy files had a significantly higher number of cycles to
fracture compared to other file systems. They concluded that

thermal treatment, cross-sectional design and thickness of NiTi wire

13
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used in TruNatomy file have resulted in superior cyclic fatigue

resistance than other rotary file systems compared in this study.

Amr M. Elnaghy et al. in 2020 ©° evaluated the cyclic fatigue
resistance of newly developed TruNatomy file system (TRN) in
single and double (S-shaped) curvature canals with Hyflex CM
(HCM), Vortex Blue (VB) and RaCe (RC) instruments. The
instruments were tested in artificial canals with double curvature
(coronal curve; 60° curvature, 5 mm radius and apical curve; 70°
curvature and 2 mm radius) and single curvature (60° curvature, 5
mm radius). The results showed that TRN and HCM revealed a
higher number of cycles to failure compared with the other
instruments for both tested sizes in single and double curvature
canals. Whereas TRN and HCM showed no statistically significant
difference among them and they concluded that the probability of
higher survival rate to failure in the curved canal was higher in
TRN and HCM files compared to other two file systems tested in

this study.

Peet J. van der Vyver & Ove A Peters et al. in 2020 % reported a
series of cases using a newly developed files system called
TruNatomy. It explained the clinical application and benefits of this
new file system in minimally invasive endodontics. The authors
claimed that this file system could prepare the root canal with

maximum preservation of pericervical dentin and offers the

14
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clinician more simplicity, safety, improved cutting efficiency and
mechanical properties compared to previous generations of rotating

instruments.

Gianluca Plotino et al. in 2020 “Y did a systematic review on the
influence of negotiation, Glide Path and Pre flaring procedures on
the shaping of the root canal. They concluded that glide path
preparation reduces the risk of debris extrusion, has no influence on
the incidence of dentinal crack formation, and improves the
preservation of the original canal anatomy. Creating a glide path
may have no impact on Reciproc files in reaching the full working
length. Pre flaring increases the accuracy of working length
determination. Further randomized clinical trials are required to
evaluate a glide path's effect and pre flaring on root canal treatment

outcome.

Shalini Singh et al. in 2019 “» compared the volume of dentin
removal, canal transportation and centering ability of three Ni-Ti
file systems such as 2 Shape (2S), Wave One Gold (WOG) &
ProTaper Gold (PTG) in the mesiobuccal canal of mandibular 1%
molar and evaluated using cone beam computed tomography
(CBCT). Results showed no significant differences between the 2S
and WOG in terms of the total volume of removed dentin, apical
transportation, and centering ratio. In contrast, ProTaper showed a

greater significant difference when compared to 2S and WOG. They
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concluded that both 2S and WOG maintained the original shape of
root canal anatomy and less dentin removal than the ProTaper gold
file. The results are attributed to the files' metallurgy and use of

lesser number of files compared to multiple file systems.

Van der Vyver et al. in 2019 **) evaluated the shaping ability of
NiTi instruments manufactured from M wire such as ProTaper Next
(PTN), nickel titanium wire namely One Shape (OS) and gold wire
such as Wave One Gold (WOG) using different glide path files such
as K file (KF), One G (OG) and ProGlider (PG) in mesiobuccal
roots of maxillary molars analysed using micro-CT at 2mm, Smm
and 9mm levels. The results showed that centering ratios for all
groups are similar. Apical canal transportation was significantly
high for KF/OS group and KF/PTN group. At 5mm level canal
transportation was significantly higher in KF/PTN group than other
tested groups except KF/OS and OG/OS were statistically similar.
WOG combined with PG showed better shaping ability than other
groups due to its working motion, metallurgy and cross-sectional
design. They concluded that PTN and OS instruments used in
combination with KF showed significantly higher canal
transportation and PTN instruments removed higher volume of

dentin regardless of glide path preparation technique used.

Nieves Perez et al. in 2019“? evaluated the shaping ability of TRU

Shape (TRU) and XP endo shaper (XPS) in moderately curved root
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canals of maxillary premolars analysed using micro-CT. The results
showed no statistical difference among the files. They concluded
that TRU and XPS produced less canal transportation and lesser
change in canal volume and less untouched surfaces on canals in
moderately curved upper premolars. This was probably due to
reason that both the files were made from blue NiTi alloy exhibiting
higher flexibility. But, none of the systems were able to touch all

parts of root canal wall.

Albuquerque et al. in 2019 2% compared the root canal
transportation, centering ability and dentin removal after
instrumentation in mesial canals of lower molar using various rotary
and reciprocating systems such as ProTaper Next (PTN), Vortex
blue (VTX), Wave One Gold (WOG) and ProDesign logic (LOG).
Micro-CT 1images was used to analyze the pre and post
instrumentation of tested groups. The results showed no statistical
difference among tested groups in canal transportation at 6mm and
9mm from the apex, whereas at 3mm, LOG showed a smaller mesial
deviation than PTN. In terms of centering ability, LOG showed the
best centering ability at 3mm and least at 9mm. LOG files showed
less dentin removal apical 3rd compared to other systems. They
concluded that different results had been obtained among tested

groups in different parameters at each third.
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Aydin et al. in 2019 *> compared the transportation and centering
abilities of the ProGlider (PG), Wave One Gold Glider (WOGG) and
R-Pilot (RP) file systems and the changes in the structure model
index (SMI), surface area, and root canal volume after creating the
glide path in the mesial canals of mandibular first molar with
moderate curvature using the micro-CT method. Mesiobuccal and
mesiolingual canals of mandibular first molars were instrumented
using VDW gold Reciproc files after glide path preparation with
respective experimental files. Results showed that WOGG and RP
file systems showed better-centering abilities at all thirds compared
with the PG file system No significant difference was found in the
apical third between the groups in terms degree of canal
transportation. The changes in the root canal volume and surface
area in the WOGG and RP groups were significantly lower than in
the PG group. This may be attributed to the smaller taper of WOGG
and RP files. The authors concluded that The WOGG and RP file
systems caused similar levels of change in the root canal systems
based on all parameters. Moreover, it was determined that the PG
file system caused a significantly higher volume and surface area
increase than the WOGG and RP file systems. This was due to the
file motion used and authors found that reciprocation motion
produced more centered canal preparation compared to rotary

motion.
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Oliveira et al in 2019 *® evaluated the changes in canal geometry
and transportation of severely curved mesial roots of mandibular
molars prepared by four heat treated NiTi file systems such as Pro-
Taper Next (PTN; Dentsply Maillefer, Ballaigues, Switzerland),
Reciproc (RC; VDW GmbH, Munich, Germany), Reciproc Blue
(RCB, VDW GmbH), and TRUShape (TRU; Dentsply Tulsa Dental
Specialties, Tulsa, OK) systems using micro-CT. The results showed
that all file systems showed a significant increase in root canal
surface post instrumentation. No significant difference was found in
canal transportation, volume and surface area increase in RC and
RCB systems compared to PTN and TRU files. In coronal third RC
and RCB showed greater increase in mean than PTN and TRU. The
authors concluded that instruments with greater taper may produce
higher morphologic changes. However, regardless of instrument
sequence, taper, design and kinematics, heat treated files did not
show any difference in dimensional change and canal transportation

in the apical area.

Amr M. Elnaghy et al. in 2018 “7 compared the cyclic fatigue
resistance of different Ni-Ti file systems such as 2 Shape (TS), One
Curve (OC), Vortex Blue (VB), ProFile Vortex (PV), and RaCe
(RC) instruments in artificial canals with a single curvature
(60°curvature, 5 mm radius) and double curvature (coronal curve,
60° curvature, 5 mm radius; and apical curve, 70°curvature and 2

mm radius). The results showed that the VB instrument had a
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significantly higher number of cycles for failure (NCF) than the
other instruments in double (S-shaped) and single curvature canals.
There was no significant difference between OC and TS in the NCF
in single, apical, and coronal double curvature canals. They
concluded that the fatigue resistance of VB was greater than that of
other instruments. OC and TS instruments displayed superior cyclic

fatigue resistance than PV and RC instruments.

Gianluca Plotino et al. in 2018 *® evaluated the cyclic fatigue
resistance of Hyflex EDM (HEDM), Wave One Gold (WOG),
Reciproc Blue (RB), and 2Shape (TS) NiTi systems having different
metallurgic properties. The instruments were tested in artificial
canals which were made of stainless steel with an inner diameter of
1.5 mm, 45° and 90° angles of curvatures and a radius of curvature
of 5 mm and the number of cycles to fracture (NCF) and time to
fracture (TTF) were evaluated. Results showed that the TTF of all
the instruments tested in the artificial canal with 45° curvature, RB
had statistically the highest cyclic fatigue resistance followed by
HEDM and TS. In the artificial canal with 90° curvature, RB
showed a significantly higher cyclic fatigue resistance than the
other tested files. When the NCF values were considered, HEDM
reported a significantly higher cyclic fatigue resistance than TS in
both canal curvatures analyzed. They concluded that Reciproc Blue

files showed higher cyclic fatigue resistance than other tested files.
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Drukteinis et al. in 2018 *> evaluated and compared the dentin
removal, canal volume and percentage of uninstrumented canal
surface of 3 different rotary systems such as ProTaper Next (PTN),
Bio Race (BR) and Genius (GN) in mesial roots of mandibular first
molar analysed using micro-CT imaging. The results showed no
significant difference among tested groups in all parameters. They
concluded that BR, PTN & GN NiTi file systems were equally

effective with no evidence of change in the root canal shaping.

Zuolo et al in 2018 *°) compared the shaping ability of four NiTi
file systems such as Bio Race, Reciproc, Self-Adjusting File (SAF)
and TRUShape in oval canals of mandibular central incisors using
micro-CT.  Results showed that SAF has least percentage of
untouched canals compared to Bio Race and Reciproc. The Reciproc
system removed significantly more dentine (4.18%) compared to the
Bio Race (2.21%) and SAF (2.56%) systems. TRUShape showed
intermediate results for both untouched surfaces and dentine
removal with no significant difference between BioRace and
Reciproc. The authors concluded that none of the shaping systems
produced optimal shaping in oval root canal. SAF touched most part
of root canal but removed less dentin. This was attributed to the
hollow NiTi lattice of SAF which adapts three dimensionally to root
canal by itself allowing greater surface of walls to be touched and

transline motion helps to remove lesser dentin. They also concluded
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that Reciproc removed more dentine due to its kinematics and larger

taper and design.

Park et al. in 2018 ©% compared the root canal volume change and
canal transportation of Vortex Blue (VB), ProTaper Next (PTN) and
ProTaper Universal (PTU) NiTi files using micro-CT in human
molar with curvature ranges from 20°- 45°. Results showed that VB
files produced inward canal transportation than the other two tested
systems and PTU showed higher transportation than PTN. This was
mainly attributed to skipping of coronal flaring step in the study.
No significant difference was found in canal volume change among
three tested systems. They concluded that VB files produced better
shaping ability in severely curved canals without changing the root

canal anatomy.

Duarte et al. in 2018 ©V evaluated the centering ability, canal
transportation and cyclic fatigue resistance of Twisted file (TF)
adaptive and Navigator EVO file systems in two different motions
(adaptive and continuous rotation) in mesiobuccal canals of
maxillary molar using micro-CT. Results showed no significant
difference found at 3mm and 9mm in both file systems in terms of
evaluated parameters. The TF continuous motion produced higher
canal transportation towards the furcal region at 6mm than the
navigator adaptive and continuous motion. Higher cyclic fatigue

resistance found in continuous motion than adaptive motion
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regardless of the file system used. The authors concluded that both
systems produced similar shaping ability with an increase in the life
span of files found in continuous motion than adaptive. Good
centering ability and little canal transportation occurred when
mesiobuccal root canals from maxillary molars were prepared up to

size 35.04 instruments.

Berechet et al. in 2018 ©°?) evaluated the changes in root canal
morphology after instrumenting with ProTaper Next (PTN) and One
Shape file (OS) in mandibular molars analyzed using Micro-CT.
Results showed that there is no difference in volume and surface
area increase of the root canals. The authors concluded that both
instruments maintained the original anatomy path by maintaining

continuous, safe and tapered preparation.

Belladonna et al in 2018 ) assessed the canal transportation,
percentage of dentin removed and untouched canal walls in mesial
roots of mandibular molars prepared by blue thermal treated file
(Reciproc Blue; RCB) compared with M wire file (Reciproc; RC)
using micro-CT. Results showed that no significant different among
the two files in all analyzed parameters. They concluded that root
canals prepared with conventional M wire and Reciproc Blue file

produced similar shaping outcome.
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Guimaraes et al. in 2017 (> compared the shaping properties of
TRUShape and Reciproc instruments in oval-shaped canals of
mandibular premolars. The results showed that TRUShape revealed
less unprepared areas than Reciproc. However, this is not
statistically significant at the apical 3™ of the root canal. They
concluded that none of the instruments could completely prepare

oval-shaped root canals.

Brasil et al. in 2017 ©% compared the canal transportation,
unprepared areas and dentin removal after instrumentation with
ProTaper next (PTN) and BT RaCe (BTR) in mesial canals of
mandibular molar evaluated using micro-CT imaging. They found no
statistical difference between both the systems in all evaluated
parameters. The unprepared areas for full canal length (10mm) and
apical segment (Smm) were 33% and 14% for BT-RaCe and 31% &
14% for PTN respectively. The authors concluded that none of the
tested instruments prepared the canal width exceeding 40% which
increases the risk of root fracture because of excessive dentin
removal, and no differences were found among the unprepared

surfaces between the two instrumentation systems.

Pinheiro et al. in 2017 ©% evaluated the shaping ability of 5
thermally treated NiTi file systems such as Hyflex CM (HCM),
ProDesign Logic (PDL), ProTaper gold (PTG), Hyflex EDM

(HEDM) and ProDesign S (PDS) in mesial roots of mandibular
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molars. The results showed no significant difference among rotary
systems in canal transportation. In cervical transportation HCM and
PDL showed less deviation than other systems. They concluded that

all of the tested NiTi file systems produced similar shaping ability.

Almeida Rodrigues et al. in 2017 ©7 done a review on the
relationship of recently introduced Ni-Ti files with different
movement kinematics and shaping ability, apical extrusion of debris
and dentin defects in root canal preparations. A total of 45 papers
were included for analysis describing the effects of reciprocating,
continuous and adaptive movements on the Wave One Gold,
Reciproc, Hyflex CM and Twisted File Adaptive systems. The
results showed that due to the wide range of testing conditions and
methodologies that have been used to compare the systems, the

results appear to be inconsistent in determining the best approach

Kyaw Moe et al in 2017 ©% evaluated the shaping ability of two
NiTi files with off centered mass such as ProTaper Next (PTN;
Dentsply Maillefer, Ballaigues, Switzerland) and Revo-S (RS;
Micro-Mega, Besancon, France) compared with NiTi file having
conventional centered mass ProTaper Universal (PTU; Dentsply
Maillefer) in mandibular molars using micro-CT. The results
showed that PTU system had less centered preparation in apical
Imm than PTN and RS groups. They concluded that regardless of

alloy type, cross section and taper variation, files with off centered

25



Review of Literature

rotation showed better centered preparation and lesser

transportation compared to files with conventional mass of rotation.

Alovisi et al in 2016 ©° evaluated the ability of different files for
glide path ProGlider (PG) PathFiles (PF) and K-files (KF) with
shaping outcome of ProTaper Next (PTN) file in curved root canals
of maxillary molar using micro-CT. Results showed that increase in
the canal diameter ratio after glide path preparation at apical level
with significant difference in maintenance of canal anatomy by PF
and PG files as compared to K files. At coronal level PG showed
maximum increase in canal diameter than K file. This may be
attributed to its progressive taper. K file showed more canal
transportation than PF and PG at apical level. They concluded that
overall ProGlider instruments facilitated more centered root canal
preparation after shaping PTN file than other two tested glide path

files.

Yu Gu et al. in 2016 °® assessed the various heat-treated files such
as Twisted Files (R-phase), Wave One (M-wire), Hyflex CM, or V
Taper 2H (CM-wire) in an S-shaped resin canal, evaluated the canal
volume change and canal transportation using micro-CT. the results
showed that all the tested files produced canal transportation at the
coronal portion whereas twisted files produced more transportation

at the apical level compared to other files.
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Limoceiro et al. in 2016 °Y evaluated the shaping ability of PTN and
BioRace (BR) NiTi instruments in curved mandibular molars
analyzed wusing Micro-CT. The results showed no significant
difference between the two systems in terms of canal volume
change, transportation and wuntouched canal surfaces. They
concluded that both the systems prepared mesial canals of a
mandibular molar with a negligible amount of procedural error and

less transportation of root canals.

Saberi et al in 2016 ¥ compared the centring ability and
transportation of ProTaper Next (PTN), ProTaper Universal (PTU),
Race 123 and RevoS using micro-computed tomography in mesial
roots of mandibular molars. Results showed that in the coronal and
middle third of the root canals, the differences in centring between
PTN and PTU/RevoS were significant. PTN showed more centered
preparation than other file systems. This was attributed to the off

centered rectangular cross section and variable taper of the file.

Silva et al in 2016 °3) evaluated the canal transportation and
centering ability of ProTaper Next (PTN) and Twisted File Adaptive
(TFA) systems in moderately curved mesial roots of mandibular
molars using micro-computed tomographic (micro-CT) imaging.
Results showed that root canals prepared with both PTN and TFA

had no significant difference in tested parameters at all levels. They
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concluded that both systems produced similar root canal preparation

at all evaluated levels.

Palekar et al. in 2016 %) evaluated the canal transportation and
centering ability of K files, ProGlider (PG), and G Files (GF) after
glide path enlargement in mesiobuccal and mesiolingual canals of
the lower molar. The results showed that KF was less centered in
the root canal at Imm than PG. No significant difference was found
among the NiTi glide path files. They concluded that PG and GF
showed less canal transportation and produced more centered

preparation than KF.

Dayananad Chole et al. in 2016 ° done a review on canal
transportation of root canal during instrumentation. They stated that
factors influencing the apical transportation of root canal are
instrument cross-section, a taper of the file, Tip design and
manufacturing alloy. They found that an increase in taper increases
the chances of apical transportation. Ni-Ti files showed higher
transportation compared to stainless steel files because of non-end
cutting tips. Instruments with a positive rake angle showed higher
chances of transportation compared to others. They concluded that
irrespective of the instrument used canal transportation is seen in
Ni-Ti files and stainless-steel files with various cross-sections,

taper, tip design and alloys.
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Van der vyer et al in 2016 °® compared the canal centering ability
and transportation of three glide path files such as K flex files,
ProGlider files and One G files in curved root canals of mesiobuccal
roots of maxillary molars analysed using micro-CT found that One
G and ProGlider files showed statistically significant mean of
centering ratio compared to K flex files and changes in canal

volume were significantly similar for three glide path files.

Ordinalo — Zapata et al. in 2015 Y7 evaluated the accuracy of the
Clearing technique and CBCT in the assessment of root canal
configuration and compared using Micro-CT as a reference
standard. They concluded that assessing anatomical configuration in
the mesial roots of mandibular molar neither CBCT nor Clearing

technique is accurate than micro-CT.

Acar et al. in 2015 °® compared the accuracy of micro-CT and
CBCT in detecting the accessory canals in primary molars. The
results showed a statistical difference in the correlation of micro-
CT images compared with a stereomicroscope, which was used as a
gold standard tool to detect accessory canals in primary molars. No
statistical difference was found between CBCT and
stereomicroscope images. They concluded that although micro-CT is
not suitable for clinical practice, it provides detailed information on
root canal configuration compared to CBCT and stereomicroscope.

However, Clinically, CBCT is a convenient tool for analysing the
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root canal geometry but may not analyse primary teeth' internal

anatomy.

Gagliardi et al in 2015 °® evaluated the shaping characteristics of
ProTaper Gold (PTG; Dentsply Maillefer, Ballaigues, Switzerland,
ProTaper Next (PTN, Dentsply Maillefer) and ProTaper Universal
(PTU, Dentsply Maillefer) systems wusing micro—computed
tomographic imaging in mesial roots of mandibular first molars.
Results showed that PTN had higher percentage of static voxels than
PTU and PTG groups. PTG and PTN groups showed less
transportation, less dentin removal and higher centering ability than
PTU system whereas, PTN had higher untouched canal surface than
PTG and PTU group. This may be attributed to smaller dimension of
file with offset motion of PTN system. The authors concluded that
all file systems were able to instrument moderately curved mesial
root canals of mandibular molars without clinically significant

€Irrors.

Pasqualini et al. in 2015 "9 evaluated the shaping property of
ProGlider with ProTaper next (PG/PTN) and ScoutRace/BioRace
(SR/BR) nickel-titanium rotary system in mesiobuccal canal of
maxillary first molar analyzed using micro-CT. Results showed that
canal centering ability was superior in PG/PTN group in apical 3™
and at point of maximum curvature with no statistical difference in

canal volume change, but PG/PTN slightly reduced the inner dentin

30



Review of Literature

wall thickness with no significant difference. They concluded that
neither of the systems produced a significant shaping error. PTN
was more conservative in root canal anatomy compared to the BR

file.

Gergi et al. in 2015 'Y compared and evaluated the shaping ability
of several nickel titanium instrument systems with different
motions: two reciprocating single-file systems (Reciproc and Wave
One) and one continuous rotation/reciprocation full-sequence
system [Twisted File (TF) Adaptive] using micro-computed
tomography in mesial canals of the mandibular canal. Results
showed that none of the instruments were able to prepare the root
canal system thoroughly. Reciprocation and Adaptive Motions were
found to cut dentine efficiently to full working length, with no
procedural errors. The TF Adaptive system maintained the original
canal anatomy with less canal transportation and better centering

ability.

Ove A peters et al. in 2015 ?) tested the effects of TRUShape
(TRU) and conventional rotary file (Vortex; VX) in terms of dentin
volume, smallest radicular wall thickness, treated canal surface,
canal transportation and accumulated hard tissue debris. The results
showed that both instruments promoted preparation with no overt
procedural errors. Vortex removed significantly more dentin both at

size #20 and #30. TRU removed less dentinal wall compared to VX
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with TRU showing less canal transportation. The authors concluded
that TRU was able to produce better shaping of root canal compared

to VX with less canal transportation.

Pedulla et al in 2015 "3 evaluated the shaping ability of curved
root canals using Twisted File Adaptive (TFA) files (SybronEndo,
Orange, CA) and Mtwo (Sweden & Martina, Padova, Italy) activated
by continuous rotation or adaptive motion in severely curved
mandibular molars having two separate mesial root canals. Results
showed that TFA files showed less increase in volume and surface
area than other group with no significant difference. TFA files
showed less transportation and higher centering ability compared to
Mtwo in both motions. They concluded that TFA performed
significantly better in middle and coronal third of root canal than
Mtwo and showed no significant difference in apical third between
the devices regardless of kinematics used. The difference in results
in middle and coronal third are attributed to heat treatment and

adaptive motion of NiTi files.

Ha JH et al. in 2014 "% examined the effect of several standard
geometric characteristics of rotary instruments on the 'screw-in'
forces and stresses generated on root dentine using 3D finite
element analysis (FEA). Four cross-sectional designs (triangular,
slender-rectangular, rectangular and square) were evaluated. The

results showed that a square cross-section instrument had the
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highest 'screw-in' force and torsional stresses, followed by the
rectangle, the triangle design, and the slender-rectangle design. The
file with a closer pitch generated lower stresses than a file with a
longer pitch. The greater the root canal curvature, the higher the
'screw-in' force and reaction torque generated. The authors
concluded that Screw-in tendency is attributed to both canal
curvature and instrument geometry. Hence, they advised to use
brushing motion to prevent the instrument from being pulled into

the canal.

Zhao et al. in 2014 75 described the canal shaping properties of 3
NiTi rotary files Protaper Next (PTN), Protaper Universal (PTU),
and Wave One (WO) in human first mandibular teeth by using
micro-CT. Results showed that the distal canal had a significantly
higher number of untouched surfaces than the mesial canal. PTN
system showed less transportation compared to PTU & WaveOne in
apical 3™ of mesial canals. There was no significant difference in
the transportation between the file systems in distal canal. They
concluded that curved canals prepared using PTN files showed less
transportation than other file systems and WaveOne showed faster

instrumentation of root canal compared to PTU and PTN files.

Gergi et al. in 2014 % evaluated and compared the canal
transportation ability of Reciproc (RP), WaveOne Gold (WOG) and

Twisted files Adaptive (TF) NiTi file systems in severely curved
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mesial canals of a mandibular molars. TF showed less canal
transportation with the statistical difference in apical third
compared to the other two file systems. No statistical difference was
found in canal transportation among WOG & Reciproc. The authors
concluded that TF produced better shaping of the root canal than

WOG and Reciproc.

Mohan Gundappa et al. in 2014 "7 systematically reviewed the
articles on canal centering ability of rotary cutting Ni-Ti
instruments and subjected the results to meta-analysis found that
maximum of studies has been conducted in mesiobuccal canal of
mandibular first molar with curvature ranging from 15° - 60°. The
difference among the rotary instruments on centering ability showed
statistically no difference. CBCT was found to be the most effective
method of evaluating canal centering ability. Because of a wide
variety of factors that would influence the centering ability, the
clinician should be selective in choosing the file system that best

fits each tooth's individual needs.

Alves et al. in 2014 ¥ evaluated the shaping ability of single file
reciprocating (Reciproc, WO) and multiple files including rotary
file such as Hyflex CM (HCM) and adaptive file such as Twisted
File (TF) in mesial canals of mandibular molars. Results found that
the Reciproc group showed a greater increase in canal volume at

apical 3™ compared to others. TF and HCM showed less canal
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transportation than Reciproc and WO groups. They concluded that
shaping procedures led to the enlarged 3-Dimensional parameters in
the root canal. TF and HCM maintained the original canal anatomy

than Reciproc and WaveOne group.

Mcray et al. in 2014 %) evaluated canal transportation and canal
centering ability of PTU and WO reciprocating file in the mesial
roots of mandibular molars analyzed using Micro-CT. The results
showed that WO showed better centering ability than PTU in 1mm,
3mm, Smm. PTU showed less transportation than WO in Imm and
3mm with no statistically different values. They concluded that both

systems produced safer root canal preparation in mandibular molars.

Biirklein and Schafer in 2013 % discussed the impact of canal
transportation on treatment outcomes. They identified some factors
responsible for canal transportation: (i) root canal anatomy -
Severely curved root canals have a smaller diameter of radius
results in transportation of root canal. (i1) Instrument technique -
Independent of the instrumentation technique, straight-line access is
required to reduce the canal transportation risk. Creating a glide
path reduces the risk of canal transportation; Modern full-sequence
rotary NiTi systems, reciprocating or full rotation single-file
systems, and the SAF are best suited to prepare even severely
curved canals with a negligible risk of canal transportation. They

found that data available on the impact of canal transportation on
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treatment outcomes are inconclusive. Unfortunately, only a little
evidence 1is available to justify that the use of contemporary
instruments has a significant impact on the outcome of root canal

therapy.

Versiani et al. in 2013 ®V assessed the shaping ability of single file
SAF, WaveOne (WO), Reciproc and multiple file systems (PTU) in
oval canals of mandibular canines using Micro-CT. The results
showed a significant increase in canal diameter postoperatively in
all systems with untouched surfaces present mainly in the lingual
part of canals. SAF showed less change in canal diameter and
untouched surfaces, whereas WO and PTU presented the highest
number of untouched canal but with no statistical difference. They
concluded that all systems performed similarly in the shaping of

oval canals.

Netto et al. in 2013 ®Y compared the two endodontic preparation
systems (PTU and Endo EZE AET) in single rooted mandibular
premolars wusing micro-CT. The results showed no significant
difference in canal volume change between two systems, but a
significantly higher amount of prepared surfaces by Endo EZE AET
file system compared to PTU. They concluded that Endo EZE AET
prepared more surfaces in the root canal with no difference in canal

volume than PTU.
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Zhao et al. in 2013 ®® evaluated the preparation of mesiobuccal
root canals in maxillary molar with Hyflex CM (HCM), Twisted
files (TF) and K3 instruments using micro-CT imaging. Results
found that TF showed increased dentin removal than HCM & K3.
Less transportation of canal was found in TF than K3, whereas no
significant difference was found between HCM & TF. No significant
differences were found in terms of untreated canal surfaces. The
authors concluded that HCM and TF demonstrated better shaping

ability than K3 instruments in maxillary molars.

Stern et al. in 2012 ®% assessed the canal volume change and
instrumentation time among ProTaper files used in continuous and
reciprocating motion compared to TF in continuous rotation in
mandibular molars. The authors found that there is no statistical
difference in canal volume change and centering ability. They
concluded that more centered canal preparation was evident

regardless of motion used in ProTaper and TF files.

Yamamura et al. in 2012 ) compared the canal transportation
ability and the centering ratio of EndoSequence and Vortex rotary
files in separate mesiolingual and mesiobuccal canals of mandibular
molar analyzed using micro-CT imaging. The results from this study
revealed that both the systems showed no statistical difference in
canal transportation and centering ability at Imm, 3mm and 5Smm,

and EndoSequence rotary file (30/.04) showed statistical difference
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in the transportation of root canal compared with Vortex files at
7mm. The authors concluded that this study does not support one
rotary file system over another in canal transportation and centering

ability.

Freire et al. in 2011 ©®> evaluated the canal centering ability and
canal transportation of files manufactured using twisted (Twisted
files; TF) and grinding (EndoSequence; ES) process after
instrumentation in mesiobuccal canals and mesiolingual canals of
lower molar respectively analyzed using micro-CT. Results showed
a statistical difference in 3 and 4mm levels among tested groups
with lesser transportation and higher centering ability produced by
TF than ES instruments. They concluded that both the twisted and
grinding process for manufacturing NiTi files produced similar

values in tested parameters.

Paque et al. in 2011 ®% assessed the shaping ability of Self
Adjusting file (SAF) system in long oval root distal canals
mandibular molars using micro-CT. Results showed that volumes

3 and

and surface areas increased significantly by 4.84 £1.73 mm
3.34 £1.73 mm?, respectively and no gross preparation errors were
detected. Unprepared canal surface varied between individual
canals, and the mean unprepared surface was 23.5% + 8.9%. Canal

transportation scores were higher in the coronal root canal third

(106 £ 50 mm) than the apical third (81 £ 49 mm). They concluded
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that the preparation of long oval-shaped root canals in mandibular

molars with the SAF was effective and safe.

Loizides et al. in 2007 ®7) done a comparative study evaluating the
effects of Endoflare, Hero-shaper, Hero-apical and Protaper Ni-Ti
rotary instruments on root canal geometry on the mesial root of
mandibular molar analyzed using micro-CT. Differences in canal
roundness, cross-sectional area, the perimeter of each canal before
and after instrumentation, and the extent of root canal transportation
were calculated. Both preparation techniques prepared the canals
rapidly with a sufficient round shape. They concluded that greater
potential for improvement in shaping ability wusing hybrid

instrumentation.

Peters OA et al. in 2001 ®% evaluated the effects of root canal
preparation using four NiTi file systems (i.e., NiTi1 K files, ProFile,
Lightspeed, GT- Rotaries) on canal volume and surface area in
extracted human maxillary molars using micro-CT. They also
attempted to quantify canal transportation three dimensionally.
Results showed that instrumentation of canals increased volume and
surface area. Prepared canals were significantly more rounded, had
greater diameters and were straighter than unprepared canals.
However, all instrumentation techniques left 35% or more of the
canals' surface area unchanged. They concluded that there were few

differences between the four canal instrumentation techniques used.
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By contrast, a strong impact of variations of canal anatomy was

demonstrated.

Peter's OA et al. in 2000 ®°) evaluated the potential and accuracy of
a three-dimensional, non-destructive technique for visualizing the
root canal geometry utilizing high resolution computed tomography.
They were able to calculate surface areas, volumes of each canal
and canal diameter. They concluded that this is an innovative
technique assessing the root canal geometry accurately and is non-
destructive also serves as a tool for future experimental studies in

endodontology.

Wu et al. in 2000 ©° evaluated the effect of apical transportation
on the apical seal on root filling in single and curved canals using
NiTi file (Lightspeed) and Stainless-steel file (K file). They
concluded that stainless steel instrumentation wusing step-back
technique showed more apical transportation than the NiTi file.
They also found that the occurrence of apical transportation is a
negative factor in curved canals obturated wusing lateral
condensation leads to more leakage. They reported that apical
transportation over 0.4 mm could negatively affect the sealing

ability of filling material.

Rhodes et al. in 1999 ©V examined the root canal after

instrumentation using prototype micro-CT compared with video

40



Review of Literature

images. They concluded that micro-CT is an accurate, non-invasive

method of examining the tooth structure that can be applied

quantitatively and qualitatively. Correlation between micro-CT and

digital images were highly significant.
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MATERIALS AND METHODOLOGY

ARMAMENTARIUM USED:

ROTARY FILES:
1. TruNatomy (TRN; Dentsply Sirona, USA) (LOT: 1636146).
2. V- Taper 2H (SS White, Lakewood, CA) (LOT: D69023222).

3. 2Shape (TS; Micro-Mega, Besancon, France) (LOT: 042817).

GLIDE PATH FILES:
1. TruNatomy glider (Dentsply Sirona, USA) (LOT: 1636144).
2. ONE G (Micro-Mega, Besancon, France). (LOT: 0428)

(Figure-1).

FILE OPERATING SYSTEM- X Smart Plus (Dentsply Sirona)
(REF: A 103200000000)

HAND FILES- #8 size and # 10 size K files (Mani, Japan).

Endobloc (Dentsply Sirona, USA) (LOT: 1406250).

BURS:

1. Endo Access bur (Dentsply Sirona, USA) (LOT 1641029).

IRRIGATING SOLUTIONS:
1. 3% Sodium Hypochlorite (NaOCI; VIP vensons, India) (B.NO:
09295).
2. 17% Ethylene diamine tetra acetic acid (Anabond, India) (B.

No: DSS/038).
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3. 0.9% Normal saline (NS) (REF: 83NE304016).

NEEDLES AND SYRINGES:
1. TruNatomy irrigation needles (Dentsply Sirona, USA)
(20KM059).
2. 30 G side vented needles (Ultra dent, USA) (B. No:
842026USJ2).
Stereomicroscope (LEICA M205A).

Composite resin (GC Solare X) (LOT: 1436124).

Bruker micro-CT (Sky scan 1176, Kartuizersweg 3B, Belgium)

Figure 1: Armamentarium with batch number
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Freshly extracted human mandibular molar teeth with fully formed apices were collected and stored in
0.1% thymol solution

Teeth with visible cracks and
fractures were excluded

Digital radiographs of retained mesial halves obtained in Mesio- Distal and Bucco-Lingual directions

EXCLUSION CRITERIA

Presence of

INCLUSION CRITERIA

1)Merged mesiobuccal & mesiolingual canals

1) Two separate canals- mesiobuccal and
mesiolingual .

2) middle mesial canal

2) Canals with Moderate curvature (15- 25 2)Obliteration ofroctcanal

“using Schneider’s method) 4) Pulp Canal Calcification

5) Severe root canal curvatures

Samples were mounted on custom attachment to standardize the position during pre and post of micro-CT
scan

Samples were decoronated to standardize the root length to 21+1mm, access cavity preparation followed
by working length determination

A total of 45 Selected samples were randomly allocated to one of the three tested groups using
www.random.org software

GROUP I — TruNatomy GROUP II — DC Taper 2H GROUP III — 2Shape

(n=15) (n=15) (n=15)

Instrumentation was done according to manufacturers instruction

L

Post operative micro-CT scanning

L

Canal transportation, canal centering ability, and amount of dentin removal was evaluated by comparing
the pre- and post-operative images of micro-CT at 3mm, 6mm and 9mm level

FLOWCHART OF METHODOLOGY
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METHODOLOGY
This study was approved by Institutional Review Board &
Institutional Biosafety & Ethical committee (IBEC), SIST, IRB

number: 173/IRB-IBSEC/SIST.

SAMPLE SIZE CALCULATION:

The sample size was calculated based on a study (2 with
given effect size of 1.93 , an alpha-type error of 0.05 and a power
beta of 0.90 into an a priori sample test from the f tests family
(G*Power 3.1.9.3 for Macintosh; Heinrich Heine, Universitat
Dusseldorf, Dusseldorf, Germany). The results demonstrated the

need for a minimum of 15 samples per group.

SAMPLE SELECTION:

Freshly extracted human mandibular molars with fully formed
apices were collected (Figure 2). All teeth were stored in 0.1%
thymol solution until further use to maintain dentin's viscoelastic
property(Figure-3).%  All  teeth were examined under a
stereomicroscope at 12x magnification to find cracks and fractures
in root dentin (Figure -4&5). Teeth with cracks and fractures were
excluded from this study (Figure-6a&6b). Teeth were sectioned in
buccolingual direction using diamond disks and distal part of teeth
were discarded (Figure 7). Digital radiographs of the retained
mesial sections of the mandibular molars were obtained in

mesiodistal and buccolingual direction to assess the root canal
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curvature, root canal calcification and root canal configuration
(Figure 8&9). ©®4 Teeth having separate mesiobuccal (MB) and
mesiolingual (ML) canals with a moderate curvature ranging from
10° - 25° were included in this study. The curvatures of root canals
were calculated using Schneider's method. ©®% Teeth with merged
mesial canals, middle mesial canal, root canal obliteration/
calcification and severely curved canals were excluded from this
study. Teeth were decoronated using slow-speed diamond discs with
water coolant approximately 2mm above the CEJ to standardize the
root length to 21+1 mm. ©®% Pre endodontic build up was done using
composite resin (GC Solare X) in order to confine irrigants within

canal.

Figure-2: Freshly extracted Figure- 3: Samples stored in

teeth samples 0.1% thymol solution
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Figure-4: Stereomicroscope Figure 5: Examination under
(LEICA M205A) stereomicroscope

Figure 6a & 6b: Excluded samples (Red arrow indicate samples with

cracks and fracture) after stereomicroscope evaluation
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Figure 8: Digital radiographs of samples in Bucco-Lingual

direction (Red ring indicates excluded samples)

Figure 9: Digital radiographs of samples in Mesio-Distal

direction (Red ring indicates excluded samples)
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MICRO-CT SCANNING:

The selected teeth were embedded in putty molds using a
custom made jig and polyvinyl siloxane material (Zhenmark,
Dentsply Sirona) and were subject to micro-CT scanning before
instrumentation at 100 kV, 110 mA, and 360° around the vertical
axis with a rotation step of 0.5 using a 0.5-mm copper-aluminium
filter, resulting in images with an 18-pum voxel size. The cross-
sectional images were reconstructed using specific algorithms and

3D models were generated (Figurel10 -12). (®4

Figure 10: Samples embedded in custom made attachment.
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BRUCER

Figure 11: Bruker micro-CT machine (Sky scan 1176, Kartuizersweg

3B, Belgium)

Figure 12a &12b: Samples placed in micro-CT machine for scanning.

ACCESS CAVITY PREPARATION:

Access cavity was prepared using Endo Access bur (Dentsply
maillefer) driven by a high-speed airotor handpiece under water
cooling (figure-13). The canals were then explored by advancing a

size #10 K file (Mani, Japan) passively into the root canal until the
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file's tip is just visible through the apex. The working length was
determined by subtracting 0.5mm from that value. ©% Teeth with
initial apical size of not more than #15 k file were included from

this study.

Figure 13: Access cavity preparation

ROOT CANAL INSTRUMENTATION:

Root canal instrumentation was performed by a single
operator. An electric motor (X Smart Plus, Dentsply Sirona) was
used to operate the files in continuous rotary movement in
clockwise direction. All file systems prepared the root canal using
crown down technique. A Glide path was established till working
length using TruNatomy glider for Group 1 and using One G for
Group 2 and 3. Irrigation was done after each file using 2.5 mL of
3% NaOCI was irrigated in each canal using 30G Navi tip needle for

Group 2 and 3. TruNatomy irrigation needle was used for Group 1.
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The master apical size was set to size #25 (Except in the
TruNatomy file size #26). The rotary file of each system was used

according to the manufacturer's instructions.

Group 1 - TruNatomy:

An endomotor set at a speed of 500rpm and torque of 1.5N cm
with continuous rotary motion was used to operate the instruments
of this system. The sequence of use of file are as follows
(Figure 14).

Orifice modifier (20/.08)

TruNatomy glider (17/.02)

TruNatomy prime shaping files (26/.04).

Figure 14: Represents the sequence of instruments used for TruNatomy

group instrumentation. (a-TruGlider; b)&c)- TruNatomy shaping files)

Group 2 - DC TAPER 2H:

An endomotor set at a speed of 300 rpm and torque of 2N was
used to operate the instruments of this system. The sequence of use
of file are as follows (Figure — 15).

1. One G (#14/3% taper; micro mega)
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2. DC Taper 2H file (25/6% taper)

Figure 15: Represents the sequence of instruments used for DC Taper

2H group instrumentation. a) One G file ; b) DC Taper 2H file

Group 3 - 2 Shape (TS):

An endomotor set at a speed of 300rpm and a torque-speed of
2.5N cm are used to operate the instruments of this system. 2 shape
available in two sizes 25/.04, 25/.06 tapers for the shaping of a root
canal.

The sequence of use of file are as follows:
1. One G (14/.03%; Micro mega),

2. TS1 - 25/.04 taper

3. TS2 - 25/.06 taper file (Figure -.16)

Figure 16: Represents the sequence of instruments used for 2 Shape
group instrumentation
a) One G file; b) TS1; c) TS2 file
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At the end of chemo mechanical preparation, all canals were
irrigated with 2.5 mL of 17% EDTA for 1 minute and saline was
used to flush the irrigants and as final rinse. Subsequently, the
specimens were dried with absorbent paper points and were
submitted to postoperative scans using the same parameters

described in the initial scanning.

Evaluation Methodology:

CT An v.1.12 software (Bruker micro-CT) and Image J
software v 1.44 were be used to measure and analyze pre-and-post
instrumentation reconstructed images. Root canal diameter was
evaluated at 3mm, 6mm & 9mm from the apical foramen to evaluate

its change. (°®)

1. Canal Transportation:
Root canal transportation was calculated in millimetres using

the following equation as described by Gambill et al. ©7)

Amount of canal transportation = (m1-m2) — (d1- d2)

Where, m1l and m2 represent the shortest distance from the
mesial margin of the external root surface to the mesial margin of
the uninstrumented and instrumented canal wall respectively; dl
and d2 represent the shortest distance from the distal margin of the
external root surface to the distal margin of the uninstrumented and

instrumented canal wall respectively. This was measured from the
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superimposed micro- CT images of pre and post instrumentation
(Figure- 17).

Based on this formula, a result of 0 equals no canal transportation,
whereas values other than O represent amount of transportation and
the sign represents direction. The tendency of transportation
direction was assessed from the results obtained for each specimen,;
Positive value indicates canal transportation towards mesial
curvature of root canal (outward). Negative value indicates the
transportation towards distal side which means towards furcation

side (inward).

2. Canal Centering Ratio:
Centering ratio = (ml1 - m2) / (d1-d2) if, (m1-m2 < d1-d2)
= (d1-d2) / (m1-m2) if, (d1-d2 < m1-m2).
According to this formula, a result of 1 indicates optimum
centering. The closer the values are to ‘0’ lesser the ability of

instrument to remain centered in root canal during instrumentation.

3. Amount of root canal dentin removal:

Canal/ root width ratio was calculated from preoperative and
postoperative images measuring in relation to the root diameter by
measuring in mesiodistal direction at three levels (3mm, 6mm,

9mm) (Fgure-18). (3%
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Figure 17: Micro CT images a) Pre instrumentation b) post instrumentation c)
Superimposed images (Green: pre-operative canal; Red: Post-operative canal)
green and red lines represents the measuring lines from shortest margin of root
to shortest margin of canal before and after instrumentation respectively.

Figure 18: Micro CT images a) Pre instrumentation b) Post instrumentation
a)pre instrumentation b) post instrumentation(black line indicates root width;
yellow line indicates canal width pre instrumentation; blue line indicates canal

width post instrumentation)
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STATISTICAL ANALYSIS

Mean and standard deviations were obtained before and after
root canal instrumentation for each group at 3mm, 6mm and 9mm.
The Shapiro-Wilk test was used to evaluate the normal distribution

of the data, and both parametric and nonparametric tests were used.

For Canal transportation, Centering ratio - One-way analysis of
variance (ANOVA) was done to determine the difference in values
among the groups at 3mm, 6mm and 9mm. In case of significant
difference obtained between the groups by the ANOVA test, post
hoc pair wise comparison was done to detect the difference in
between the groups. Kruskal Wallis test was performed to obtain
normality in data distribution. This test was used to assess the

difference in mean values between the three tested groups.

For Amount of dentin removal - Intragroup and intergroup
analysis were performed as follows. The paired t test was used for
intragroup comparisons of canal/root width ratio before and after
root canal instrumentation. One way ANOVA was used for
intercomparisons of canal/root width ratio before and after root
canal instrumentation and percentage increase in canal/root width
ratio after instrumentation. Wilcoxon Signed Ranks Test was

performed to assess the mean distribution within the tested groups.

Commercially available software (SPSS v17.0; SPSS Inc,

Chicago, IL) was used for analysis at a 5% significance level.
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RESULTS

Canal Transportation:

The mean original and absolute values of canal transportation
in mesial roots of mandibular molar (mesiobuccal and mesiolingual
canal) for three tested groups at 3mm, 6mm and 9mm level from the

apex are listed in the Table: 1 -4

Amount of transportation: (Absolute values)

All the three tested groups showed some degree of
transportation from the original canal in both mesiobuccal and
mesiolingual root canal at 3mm, 6mm and 9mm level from the apex.
The mean values of canal distribution for both mesial canals are

tabulated in Table 1 and 2.

In mesiobuccal canal:

Among the three tested groups there was no statistically
significant difference in amount of canal transportation at 3mm,
6mm level. At 9mm level the amount of transportation was
significantly higher in Group Il (TS; Micro mega) (0.38+0.20)
when compared to Group Il (0.19£0.32) (DC Taper 2H) (p=0.01)

(Table 1) (figure-20, 21).

In mesiolingual canal:
Statistically significant difference in mean was found between

Group | and Group Il at 6mm level. Group | (0.25+£0.17) (figurel9)
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showed significantly higher canal transportation when compared to
Group Il (0.11+0.11) (p=0.02) (Table 2). The other groups showed

no statistically significant difference between them.

Overall result states that Group Il showed lower mean values
at all three levels in both mesial canals and showed significantly
lesser transportation than Group Ill at cervical third (9mm) and
Group | at mid root (6mm) level respectively. None of the groups
showed canal transportation greater than 0.3mm except Group Ill at

cervical level in both mesial canals.

Direction of transportation: (Original value)
The original mean values in millimetre and the deviation
tendency in percentage were used to analyse the direction of

transportation are listed in (Table 3-4).

In mesiobuccal canal:

e At 3mm level there was no statistically significant difference
between the groups in the direction of transportation.

e At 6mm level Group Il (-0.14 £ 0.15) showed significantly
higher tendency to deviate towards the furcation with a
frequency of 75% when compared to Group | (0.1 £0.19) (p=
0.03) (figure-21b).

e At 9mm level there was no statistically significant difference

between the groups in direction of transportation and all the
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three groups showed an inward transportation tendency.

(Table -3)

In mesiolingual canal:

At 3mm level there was no statistically significant difference
between the groups in the direction of transportation.

At 6mm level statistically significant difference was found
between Group Il and Group I. Group Il (-0.19 £0.18)
showed significantly higher tendency to deviate towards the
furcation with the frequency of 70% when compared to Group
| (0.02+0.3) (p=0.02) (figure - 19b &20b).

At 9mm level, there was no statistically significant difference
between the groups in direction of transportation and all the
three groups showed an inward transportation tendency.
(Table- 4)

Overall results state that all the file systems showed some
degree of transportation towards the furcation side. Deviation

occurred more at the mid root level (6mm) in both

mesiobuccal and mesiolingual canal. Group | showed a
statistically lesser deviation tendency than Group Il and
Group Il in mesiobuccal and mesiolingual canal respectively.

CANAL CENTERING RATIO:

The mean and standard deviation values of canal centering

ratio in mesial canals of mandibular molar for all the three groups at

3mm, 6mm, and 9mm levels from the apex are listed in Table:

10-15.
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No statistically significant difference was found between the
groups at 3mm, 6mm and 9mm levels in both mesiobuccal and
mesiolingual root canals (P>0.05) (Table — 5) Overall the file
systems evaluated showed consistent centering ability with the
centering ratio ranging between a minimum of 0.3 to a maximum of
0.9. Group | recorded a mean centering ratio ranging from 0.3%£0.2
to 0.94+1.0, Group Il showed a mean centering ratio ranging from
0.5£0.1 to 0.8+0.4, and Group Ill recorded a mean centering ratio

from 0.5+0.3 to 0.8+0.7.

AMOUNT OF ROOT CANAL DENTIN REMOVAL.:
Root canal/root width ratio:

The root canal width in relation to root width was
significantly increased by all the three file systems after preparation
when compared to the original dimension at all levels p>0.05
(Table-6). Group Il showed a statistically significant increase in
the root canal to root width ratio compared to Group Il at mid root
level after preparation (p=0.04). The percentage increase in root
canal width to root width in post preparation slices was
significantly higher in group Ill at mid root level than Group | and

Il respectively (p=0.04) (Table 7).
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CANAL TRANSPORTATION:

Table 1: The mean and standard deviation of absolute values
(Amount of transportation) in millimetre for canal transportation in
mesiobuccal root canals for all three tested groups at 3mm, 6mm,

and 9mm levels

Absolute values (Amount of canal 95% confidence
transportation) interval for mean
Mesiobuccal canal

Levels Groups Mean + SD Lower Upper
(mm) bound bound

9mm I 0.28+0.32 0.11 0.45
[ 0.19+0.20 0.08 0.29

1 0.38+£0.20* 0.27 0.49

6mm I 0.15%+0.14 0.07 0.23
[ 0.16+0.13 0.08 0.23

1 0.18+0.12 0.11 0.24

3mm I 0.12 £0.12 0.05 0.19
[ 0.05+0.06 0.02 0.09

1 0.11+0.09 0.06 0.15

Kruskal Wallis and Post hoc Tukey were performed for intergroup
comparison showing a significant difference between the groups
with a p value of 0.014

* statistically significantly different from Group |
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Table 2: The mean and standard deviation of absolute values

(Amount of transportation) in millimetre for canal transportation in

mesiolingual root canals for all three groups at 3mm, 6mm, and

9mm levels

Absolute values (Amount of

transportation)

Mesiolingual canal

95% confidence interval

for mean

Levels Groups Mean +SD Lower bound | Upper bound
(mm)

9mm I 0.32+0.32 0.14 0.49
1 0.24+0.16 0.15 0.33
Il 0.36+0.19 0.26 0.46

6mm I 0.25+0.17* 0.16 0.35
I 0.11+0.11 0.05 0.17
Il 0.21+0.16 0.12 0.30

3mm I 0.22+0.11 0.16 0.28
1l 0.15+0.13 0.08 0.22
Il 0.16+0.10 0.10 0.21

ANOVA, post hoc Tukey and Kruskal Wallis test were performed

for intergroup comparison showing significant difference between

the groups with p value of 0.02

* statistically significantly different from Group |
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Table 3: The mean and standard deviation of original values in
millimetres for direction of canal transportation and its frequency of
deviation in percentage for mesiobuccal root canals at 3mm, 6mm

and 9mm levels.

Original values (Direction of 95% confidence Deviation

transportation) interval for tendency (%)
Mesiobuccal canal mean
Levels | Groups Mean+SD Lower Upper | Mesial | Distal
(mm) bound bound

9mm | -0.13+0.41 -.355 0.08 25 75

1 -0.13+0.24 -0.26 -.002 20 80

1 -0.13+0.42 -0.35 0.10 45 55

6mm I 0.10+0.20 -0.001 0.20 60 40

I -0.14+0.15* -0.22 -0.05 25 75

1 -0.00+0.22 -.10 0.13 50 50

3mm I -0.06+0.17 -0.15 0.02 40 60

[ 0.014+0.09 -0.03 .059 40 60

1 -0.006+0.14 -.084 071 50 50

ANOVA, post hoc Tukey and Kruskal Wallis test were performed

for intergroup comparison showing significant difference between

the groups with p value of 0.02

64




Results

Table 4: The mean and standard deviation of original

values

(Direction of transportation) in millimetre for canal transportation

in mesiolingual root canals for all three tested groups at 3mm, 6mm

and 9mm levels

Original values (Direction of

95% confidence

Deviation

transportation) interval for tendency (%)
Mesiolingual canal mean
Levels | Groups Mean+SD Lower | Upper | Mesial | Distal
(mm) bound | bound
9mm I -0.16+0.43 | -0.39 0.06 25 75
I -0.21+0.20 -0.33 -0.10 20 80
1 -0.25+0.33 -0.43 -0.07 45 55
6mm I 0.02+0.31* -0.14 0.20 60 40
I -0.05+0.15 -0.14 0.02 50 50
1 -0.20+0.18 -0.23 -0.09 25 75
3mm I -0.002+0.25 | -0.13 0.13 40 60
1 0.15+0.13 0.08 0.22 40 60
1 0.02%0.20 -0.09 0.12 50 50

ANOVA, post hoc Tukey and Kruskal Wallis test were performed

for intergroup comparison showing significant difference between

the groups with p value of 0.02
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CENTERING RATIO
Table 5: The mean and standard deviation for centering ratio in

mesiobuccal and mesiolingual root canals for the tested groups at

3mm, 6mm and 9mm level.

Centering MESIOBUCCALCANAL p MESIOLINGUAL CANAL p
ratio Mean+SD value Mean+SD value
Levels 3mm 6mm 9mm 3mm 6mm 9mm
Group | | 0.94+1.01 | 0.85+0.21 | 0.61+0.84 | 0.53 | 045+0.28 | 0.35+0.42 | 0.29+0.21 | 0.51
Group Il | 0.63+£0.26 | 0.54+0.17 | 0.79+£0.40 | 0.15 | 0.57+£0.34 | 0.61+0.25 | 0.43+0.19 | 0.09
Group Il | 0.77+0.85 | 0.81+0.74 | 0.41+0.33 | 0.17 | 0.49+0.31 | 0.40+0.35 | 0.49+0.30 | 0.06

1. AMOUNT OF DENTIN REMOVAL - ROOT CANAL/ROOT

WIDTH RATIO

Table 6: The mean and standard deviation of root canal width to

root width ratio before and after

groups at 3mm, 6mm and 9mm level.

instrumentation for all

tested

PRE-OP canal/root width ratio POST-OP canal/root width ratio
MeanSD MeanxSD
Levels 9mm 6mm 3mm 9Imm 6mm 3mm
Group | 0.10+0.02 | 0.07+0.02 0.07+£0.02 | 0.12+0.05 0.09+0.02 0.09+0.03
Group Il 0.09+0.02 | 0.06+0.02 0.06+0.02 | 0.11+0.03 0.08+0.01 0.09+0.01
Group 111 0.09+0.02 | 0.07+0.03 0.07+£0.02 | 0.13+0.04 | 0.11+0.03* | 0.10+0.01
p value 0.77 0.26 0.13 0.45 0.04* 0.22
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Table 7: The mean and standard deviation of percentage increase in

root canal in relation to root width ratio for all tested groups at

3mm, 6mm and 9mm level.

Confidence
i 0)
Mean interval of 95% b value
+SD Lower Upper
bound bound
% prepared Group | 8.4+£2.6 7.0 9.8
canal/ root - Group Il 8.1+1.8 7.2 9.1 406
Group I 9.8+1.8 8.9 10.8
9mm
% prepared Group | 8.7+1.5 7.9 9.5
canal/ root - Group 11 8.2+£1.0 7.7 8.8 004
Group Il | 10.6+£2.9* 9.0 12.2
6mm
% prepared Group | 8.4£2.6 7.0 9.8
canal/ root - Group 11 8.1+1.8 7.2 9.1 057
Group I 9.8+1.8 8.9 10.8
3mm

p value showed statistically significant values at 6mm obtained

from ANOVA, post hoc Tukey and Kruskal Wallis test.

* represents statistically significant difference from Group II.
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RESULTS IMAGES

GROUP 1 — TruNatomy (TRN; Dentsply Sirona)

Cervical level — 9mm

Mid root level — 6mm
b)

Apical level —3mm

Figure 19: Representative samples are preoperative, postoperative and
superimposed micro-CT images showing the effect of canal preparation with
the Group | at the (a) coronal, (b)middle and (c)apical levels (green:
preoperative canal, red: postoperative canal; Arrows- representing the canal
transportation from the central axis of canal).
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GROUP Il — DC Taper 2H (SS White)

Cervical level — 9mm

Mid root level — 6mm

Apical level —9mm

Figure 20: Representative samples are preoperative, postoperative and
superimposed micro-CT images showing the effect of canal preparation with
the Group Il at the (a) coronal, (b)middle and (c)apical levels (green:
preoperative canal, red: postoperative canal; Arrows- representing the canal

transportation from the central axis of canal).
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GROUP I1l: 2 Shape (TS; micro mega)

Cervical level — 9mm

Mid root level — 6mm
)

Apical level —3mm

Figure 21: Representative samples are preoperative, postoperative and
superimposed micro-CT images showing the effect of canal preparation with
the Group IIl at the (a) coronal, (b)middle and (c)apical levels (green:
preoperative canal, red: postoperative canal; Arrows- representing the canal

transportation from the central axis of canal).

70



Discussion

DISCUSSION

The primary role of mechanical instrumentation is to remove
the inner layer of dentin and to disrupt the bacterial biofilms, while
maintaining the original shape of the canal. ® Instrumentation of
multirooted tooth poses a more significant challenge due to the
complex anatomical structures such as curved root canals, lateral
and accessory canals, fins, ramifications, isthmus and cul-de-
sacs.®”) The common procedural errors encountered during
instrumentation of curved root canals are, canal transportation,
ledges, and straightening of the root canal. ® Canal transportation
is defined as “Removal of canal wall structure on the outside curve
in the apical half of the canal due to the tendency of files to restore
themselves to their original linear shape during canal
preparation.”?¥) This can cause damage to apical foramen, elbow
formation, ledging, Zipping and perforation.®® More often than not
excessive dentin removal from the inner root canal wall coronal to
the curvature known as the “danger zone”, during instrumentation
of a curved canal might result in strip perforation or weakening of
root dentin.!°®  Stainless steel files were traditionally used for
cleaning and shaping procedures. They exhibited higher potential
for procedural errors that led to excessive dentin removal reducing
the long-term success of an endodontically treated tooth. (10D
Therefore, in the present study stainless steel files were not used as

a control group.
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To overcome the above challenges NiTi instruments were
introduced. Since the introduction of NiTi rotary systems by
McSpadden and Wildey et al. in the 1990s, (192 several studies have
been conducted on their centering ability and canal transportation.
These studies revealed the efficacy of NiTi rotary instruments in
maintaining the original root canal anatomy, with minimal root
canal aberrations; and ultimately facilitating the three-dimensional
cleaning and shaping of the root canal system.(%3-199) Numerous
improvements in kinematics, geometry and design of NiTi root canal
instruments have been attempted over the past decades. (!°”) Despite
the advancements in endodontic instruments, instrumentation of the
curved root canals are still an uphill task even for the most skilled
and experienced clinicians.!°® Further innovations were made in
the metallurgy of NiTi instruments that led to the manufacturing of
heat-treated instruments. The heat treatment of NiTi files enhanced
the flexibility and reduced incidence of instrument separation
promising a more predictable biomechanical preparation of root

canals with severe curvature. ®

A conservative preparation with sound remaining dentin
thickness is of utmost importance.(!®®) Greater emphasis on
preservation of the peri cervical dentin (PCD) has made a paradigm
shift from the principles of traditional root canal preparation,
including access cavity design and instrumentation technique to a

more conservative approach. This zone of dentin, especially in
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endodontically treated teeth is a critical substrate for stress
distribution from coronal part onto the radicular surface thereby
improving the survival rate without failure to occlusal loading. (!9

Hence, assessment of the remaining dentin thickness after

instrumentation becomes more significant.

TruNatomy (TRN) (Dentsply Sirona) instruments recently
introduced into the market based on the concept of minimally
invasive endodontics. TRN instruments are manufactured using a
specially post thermal treated process which enhances the
superelasticity of the file while dampening its shape memory as
compared to M wire or conventional NiTi wire files. The advantage
of having less shape memory is that, it can be precurved which aids
in easy positioning of the file into the root canal. “%!') Similarly,
another file system namely DC Taper 2H (DC 2H; SS white) also
based on the concept of dentin conservation is manufactured from
Control Memory (CM) wire. Studies have proven that CM wire
exhibit more resistance to cyclic and torsional fatigue when
compared to conventional NiTi wire files. (!'2!13 2 Shape (TS;
Micro mega) made from T wire, claimed to be the latest technology
in generations of file systems manufactured using proprietary heat
treatment. This T wire metallurgy is said to enhance cutting
efficiency and flexibility of file during instrumentation of curved
root canals. The triple helix cross section of the file system enables

more effective dentin removal, while respecting the canal curvature.
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It has been reported that its smaller core diameter provides
increased resistance to cyclic fatigue, resulting in reduced

instrument separation during instrumentation. (!!#115)

Several methods have been employed to evaluate canal
transportation, centering ability and dentin removal of NiTi file
systems, such as clearing technique with Indian ink injection, serial
sectioning and microscopic evaluation, double digital radiographic
evaluation, spiral Computed Tomography and Cone beam computed
tomography (CBCT). Among these methods, CBCT is a well
validated method for evaluating different aspects of root canal
preparation. The most important feature of CBCT is that, it is non-
destructive and allows quantitative analysis of sections three
dimensionally but limited by its resolution range.(!!®-1!®) Rhodes et
al was the first to suggest the use of micro-CT to study root canal
geometry.®) Ove A Peters was the first to successfully study
the effect of instrumentation on root canal morphology using micro-
CT. ® Since then, it became a popular tool among the researchers,
because of its accuracy and non-invasive nature in assessing root
canal morphology and its alterations such as change in volume,
surface area, cross-sectional shape, taper, proportion, prepared
surfaces and other 3D parameters providing detailed information in
higher resolution. (®>?3) Hence, it is currently considered the “gold
standard” 1in evaluation of shaping ability of endodontic

instruments. Therefore, the present study aimed to compare and
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evaluate the shaping ability of the above-mentioned file systems
using micro computed tomography in mesial roots of mandibular
molar before and after instrumentation. Extracted human tooth
closely simulates clinical condition compared to resin blocks. (12D
But, they pose a challenge in variability of anatomy. Mandibular
molars were selected in this study, because they are not only the
most common teeth to undergo endodontic treatment, but also
constantly present curvatures that increase the risk of procedural
errors. (1220123) Qtydies have proved that variations in the internal
anatomy play a major role in ability of the instruments in
preparation of root canal system. ®VU2) Mesial roots of mandibular
molars most often present moderate curvature ranging from 10°-25°.
(89)(124) Therefore, meticulous steps were undertaken in the current
study to ensure standardization of molar teeth selected for
evaluation. The teeth used in this study were balanced in terms of
root canal curvature (10°-25°), root length (21+1mm), initial canal
diameter (not more than #15 size k file) and root canal
configuration (Vertucci type IV). A custom -made jig was prepared
using polyvinylsiloxane material to ensure correct positioning of the
samples during micro-CT scanning which enabled accurate

comparison between pre- and post-operative image slices.

The three different NiTi rotary systems used in the study
presented different features in cross section, alloy type and number

of files used. All of them were recommended to use in continuous
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rotary motion. To analyse the sole effect of the thermally treated
NiTi instruments used in this study, no type of NiTi orifice shaper
or gates gliden drills/stainless steel file was employed to perform
cervical pre-enlargement except in TruNatomy (Group I) in which
the use of TruNatomy orifice modifier was a part of the
recommended sequence of instrumentation. Establishment of smooth
glide path before the use of first shaping file is of utmost
importance which enables the root canal instruments to follow the
original root canal anatomy thereby reducing procedural errors
especially during instrumentation of curved root canals. Therefore,
glide path preparation has been considered as a starting point of all
root canal instrumentations. (231251260 Many studies have proved
that use of NiTi rotary glide path files reduced the occurrence of
procedural errors than using manual K files. (64:66:127.128) 1y thig
study glide path preparation was carried out using TruGlider
(Dentsply Sirona) for Group I as it was a part of the original kit.
One G (Micro Mega) glide path file was used for DC Taper 2H and
TS groups. Studies have shown more centred glidepath preparation
with One G as compared to other glide path instruments. (41:59:64
There was no consensus in the literature about ideal diameter for
apical preparation. All the systems used in this study presents a
tailor-made sequence specific to the root canal dimension. Hence
the apical preparation in the current study was standardized
according to the manufacturer’s instructions for the root canals with

moderate curvature which was ISO tip size of 25 and 6% taper
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for Group II and III; and size 26 and 4% taper for Group I. (12?9 G7)

(38)

Corroborating the results of the present study, the null
hypothesis was partially rejected. There was a significant difference
found between the file systems in canal transportation and root
dentin removal at certain evaluated levels. Whereas, all the file
systems showed comparable canal centering ability with no

statistically significant difference between them.

All the evaluated file systems showed some amount of
transportation from the original axis of the root canal. All groups
showed highest mean values of transportation in the cervical third
occurring more frequently towards furcation (inward) region. This
finding was in agreement with other studies. 3-°¢75 2 Shape
(Group II) showed highest mean values for canal transportation at
all three evaluated levels among the three file systems in both the
mesial canals. But, showed statistically significant higher amount
(0.3+£0.2) of canal transportation than DC Taper 2H (0.28+0.3) at
cervical third of mesiobuccal canal (p=0.01). This may be attributed
to 2 features, first the T-wire technology of the 2-shape system
which has shown canal transportation comparable to files that were
manufactured using M-wire technology (ProTaper Next) in previous
study, *9 which are known for their stiffness. (!*") Secondly, the

modified triangular cross section known for its aggressive
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cutting.®?  TruNatomy (0.2+0.1) showed significantly higher
amount of canal transportation compared to DC Taper (0.11+0.11)
in the mid root level of mesiolingual canal (p=0.02), but it was
important to note that the deviation occurred towards the safe zone.
The higher outward canal transportation of TruNatomy files in the
mid root level can be attributed to its short orifice modifier with
7.5mm of active cutting flutes and a taper of 8% making these files
stiffer which might have resulted in a spring back effect at the mid
root level. According to Wu et al ®% apical transportation of more
than 0.3mm negatively affected the seal. In the present study, all the
file systems showed comparable amount of canal transportation at
apical third ranging between 0.22+0.11mm to 0.05£0.06mm which
was well within the permissible limit. However, 2 Shape system
showed transportation of more than 0.3mm in cervical level but it is

not clinically relevant.

When evaluating the direction of transportation, all the three
NiTi rotary systems showed deviation more frequently in the inward
direction and less often in outward direction. DC Taper (75%) and 2
Shape (75%) showed significantly higher tendency to deviate inward
at mid root level of the mesiobuccal and mesiolingual canals
respectively, in comparison to TruNatomy (40%) which showed a
tendency of outward deviation. However, in the other two levels
TruNatomy showed a tendency to deviate in the inward direction.

These findings were in contrast with a previous study by kabil et al
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comparing TruNatomy with four other file systems with different
metallurgical properties, where TruNatomy consistently showed

inward deviation at all the evaluated levels. (132

Regarding
centering ability, no statistically significant difference was found
between the groups in both mesiolingual and mesiobuccal root
canals at 3mm, 6mm and 9mm levels. All the file systems showed
centering ratio ranging between 0.3-0.9mm, where 0.3mm

represented the most off centered preparation while 0.9mm was the

closest to the optimum centering ratio.

Mesial roots of mandibular molars are more prone to
excessive removal of dentin in buccolingual direction than
mesiodistal direction because of their curvature, risking root

fracture. (133

Several studies have reported that excessive dentin
removal showed direct 1impact on fracture resistance of
endodontically treated teeth.(1347139 A study done by Wilcox et al
reported that 40% increase in canal width during instrumentation,
increased the risk of root fracture during obturation or when
subjected to masticatory loading.!*”) Therefore, in the present study
percentage increase in root canal to root width ratio was calculated
by comparing the width of root canal after instrumentation to the
root width at each evaluated level. All the file systems showed a
significant increase in root canal width in relation to root width

after instrumentation (p=0.04). 2 shape system removed highest

amount of dentin at all levels when compared to TruNatomy and DC
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Taper 2H. And also, showed a statistically significant higher
amount of dentin removal (10%) at mid root level, when compared
to DC Taper (8%) and TruNatomy (8%) (p=0.04). However, none of
the three tested systems removed dentin more than 40% at any of

the evaluated levels.

Although not statistically significant from the overall results
of the present study it is observed that, DC Taper showed least
canal transportation and dentin removal with more centered
preparation. This finding may be attributed to the parabolic cross-
sectional design that provides the unique cutting efficiency while
preserving the natural tooth structure and the Control Memory wire
(CM wire) technology of DC Taper. Previous studies have shown
that CM wire alloys exhibited lesser amount of transportation than
R phase, M wire and other proprietary heat-treated wire such as C-
wire. (27,131)

The present is not without limitations, being an invitro study
all teeth samples were firmly held by hand which cannot be directly
related to the orientation of the teeth in the clinical condition. This
could have influenced the direction and angulation of placement of
instrument into the root canal. Canal transportation was evaluated in
the current study comparing the root wall dentin thickness in the
thinnest region. Any amount of deviation that could have occurred

in other regions were not accounted for. Analysis for root dentin
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removal in the present study was evaluated using canal to root width
ratio which is a 2-Dimensional measure that depicts dentin removal
only in buccolingual direction. Further analysis of volumetric data
and area of uninstrumented canal wall might present clearer insights
to the magnitude and spatial distribution of dentin removed. Future
studies are recommended to evaluate and compare these three tested
NiTi rotary file systems in terms of debris removal, post-operative

pain and fracture resistance to cyclic and torsional loading.
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SUMMARY

This study was conducted to evaluate the canal transportation,
centering ability and amount of dentin removal by three rotary NiTi
file systems namely, TruNatomy (TRN; Dentsply Sirona, USA), DC
-Taper 2H (SS White, Lakewood, CA) and 2Shape (TS; Micro-Mega,
Besancon, France) in moderately curved mesial roots of human
mandibular molar analysed using micro computed tomography.
Freshly extracted human mandibular molars with fully formed
apices were collected and stored in 0.1% of thymol solution until
further use. Teeth with cracks, merged mesial canals, middle mesial
canal, root canal obliteration / pulp calcifications and severely
curved canals were excluded from this study. Teeth having separate
mesiobuccal and mesiolingual root canals with curvature ranging
from 10-25° were included in this study. Selected mesial roots were
mounted on custom made jig and subjected to micro-CT scanning
before instrumentation. After which, samples were decoronated,
accessed and negotiated using #10 size K file. Teeth with initial
apical size of not more than #15 K file (Mani, japan). were excluded
in this study. Working length was determined by advancing the 10 K
file into the root canal and final working length was determined
0.5mm short from the canal length. A total of 45 mesial roots of
mandibular molars were used. Samples were randomly allocated to
one of the three tested groups using random numbers generated from

www.random.org. Group I (TruNatomy; TRN) (n=15), Group II (DC

-Taper 2H) (n=15) and 2Shape (TS) (n=15). For root canal
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instrumentation, all the three file systems followed manufacturer’s
instruction. 2.5 mL of 3% sodium hypochlorite was used as working
solution, after instrumentation 2.5ml of 17% EDTA for 1 minute
followed by a short burst of 3% sodium hypochlorite for 30 seconds
in each canal was used for smear layer removal, and saline was used
to flush out the irrigants and as final rinse. After instrumentation
samples were reattached to custom molds for post-operative micro-
CT scanning. Images were reconstructed using nRecon software
version 2.0. CT An v. 1.18 software was used to analyse the change
in canal geometry at 3mm, 6mm and 9mm level. Pre- and post-
operative images were superimposed and canal transportation and
centering ratio and Canal/root width ratio were calculated from the
superimposed images using Image J software 1.52v at all evaluated
levels. After statistical analysis, Results revealed that at mid root
level, of mesiolingual canal TruNatomy showed statistically
significant higher canal transportation than DC Taper (p<0.05). No
statistically significant difference was found between the tested
groups at any of the other levels in mesiobuccal canal. 2 shape
showed statistically significant higher canal transportation at
cervical level of mesiobuccal canal when compared to DC Taper 2H
(p<0.05). For direction of transportation all the groups showed
deviation more frequently towards inward direction and less often
towards outward direction. No significant differences were found
between the three tested groups at 3mm and 9mm in mesiobuccal

and mesiolingual canals. Whereas, at 6mm level TruNatomy group
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showed an outward deviation tendency in both mesiobuccal and
mesiolingual canals which was statistically significant when
compared to DC Taper in mesiobuccal canal and 2 Shape in
mesiolingual canal respectively (p<0.05). In terms of centering
ratio, no statistically significant differences were found between
tested groups at all evaluated levels in both mesial canals. In
canal/root width ratio, all the systems showed an increase in canal
width after instrumentation at all levels. 2 Shape showed significant
increase in canal width when compared to TruNatomy at 6mm level

(p<0.05).
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CONCLUSION

Within the limitation of the present study, it may be
concluded that all the three NiTi rotary file systems were able to
safely prepare the moderately curved mesial roots of mandibular

molar with minimal errors.

DC Taper showed least amount of canal transportation and
dentin removal with better centering ability in both mesial canals.
TruNatomy has shown significant difference in canal transportation
at mid root level of mesiolingual canal with least centering ability,
but deviated towards outer dentin wall. 2 Shape showed highest
mean values in canal transportation and canal/root width ratio at all
evaluated levels with significantly more transportation in coronal

third towards danger zone of mesiobuccal canal.
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