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Abstract:

One of the major procedural steps in endodontic treatment is to thoroughly remove debris, pulp tissue, and microorganisms from the
root canal system by means of chemo-mechanical preparation!. Chemo-mechanical preparation of the root canal through a combination
of mechanical instrumentation and antibacterial irrigation is the critical stage in canal disinfection?.

Introduction

he root canal treatment is a combination of
biological and mechanical preparation of the root
canal system 3. From a biological aspect, the goals of
chemo-mechanical preparation are to eliminate
micro-organisms from the root canal system, to remove
pulp tissue that may support microbial growth, and to avoid
forcing debris beyond the apical foramen which may
sustain inflammation?. while the mechanical aspect is
mainly concerned with the shaping of canals into a more
uniform and conically tapered space % This space is
prepared to contain the root filling material and allow more
of the antimicrobial irrigating agents to flow deep into the
canals.
However, currently no instrument can predictably clean the
entire root canal system®®, and especially in the apical
portion of the root canals, the cleaning efficiency is
limited”°, Thus, there is still controversy regarding the
optimal size of apical root canal enlargement to maximize
cleaning efficiency in this crucial part of the root canal
(Albrecht et al. 2004, Falk & Sedgley
2005, Bartha et al. 2006).

For many years, the main factor involved in the success of
root canal treatment was believed to be a hermetic sealing
of the root canal system. Although the importance of a
correct sealing cannot be denied, it is necessary to
emphasize that successful treatment depends on elimination
or drastic reduction of irritating agents inside the root canal
and prevention of re-infection®?.

Pulp death and subsequent necrosis renders the root canal
space undefended and provides an ideal warm and moist
environment which has an abundant nutrient source to
support microbial proliferation. This chamber acts as a
barracks to harbor microorganisms in which they have the
opportunity to develop pathogenicity and induce
inflammatory disease of the per radicular tissue*?.
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The intrinsic anatomy of the root canal system creates
further challenges, emphasizing the necessity of proper
disinfection measures. Isthmuses, inter-canal
communications, curvatures and oval shaped canals can
make disinfection a considerable challenge?®.

Cross-sectional root canal configurations have been
classified as round, oval, long oval, flattened or irregular.
Metrically, Jou et al. (2004)= defined "oval" as having a
maximum diameter of up to two times greater than the
minimum diameter and "long oval" as having a maximum
diameter of two to four times greater than the minimum
diameter.

Different instrumentation techniques have been described
to prepare oval canals. These include the use of sonic and
ultrasonic instruments, manual instrumentation or the use of
rotary nickel-titanium (Ni-Ti) instrumentation techniques
and finally reciprocating instrumentation techniques. None,
however, has been shown to completely clean and shape the
root canal and to maintain the oval shape outline form?4-2°,

The oval shaped canals should have a different approach
regarding management compared with normal root canal
configurations.

Oval-shaped canals pose a significant challenge for
adequate root canal cleaning, shaping, and disinfection,
especially when  rotary instruments are used for
preparation®®. This is because rotary instrumentation
usually sculpts a round cross-sectional shape, which leaves
behind untouched recesses in the extremities of the largest
diameter of the oval canal.

Mandibular premolars typically present with a single root
and a single canal. The solitary root is usually oval in cross
section containing an oval cross-section canal. Canal
configurations in mandibular premolars may vary
significantly with respect to ethnicity, race, and sex®.
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Instruments with different designs and concepts have been
introduced to deal with canals with complex anatomy,
including oval-shaped canals. Anatomic irregularities are
preferable sites for pulp tissues and debris to remain within
the root canal system. Indeed, endodontic instruments must
touch canal walls to clean and in those cases of anatomic
complexities, cleaning is done solely by the flow and back
flow of irrigating solutions.

The original NiTi files were based on a design with fixed
tapered instruments and passive cutting radial lands file
flutes. In order to improve ease of use, safety and
efficiency, development from this point has concentrated on
the following features of design: cutting flutes, variable
tapers, the material, the motion and the cross section.
Cutting flutes were introduced to improve efficiency and
variable tapers to limit the cutting portion of the file to a
specific point within the canal. More recently, advancement
has taken place with NiTi metallurgy, motion and novel
cross-sectional designs®?.

In NiTi files, the design is much more variable: the angle of
cutting edges or the ‘rake angle’ can be negative, or in a
very few designs positive®. Other variables include the
number of cutting edges, and the size of the flutes which
are the spaces between the cutting edges that allow clearing
of the debris during cutting.

In addition to the shape of the cross section, NiTi files can
also vary in the presence of additional features such as
radial lands which are projections from the central axis of
the file that are added to prevent screwing of the file into
the root canal space while cutting 3. The helical angle of
the cutting edges is another feature, which can have a
dissimilar pattern in some designs to again overcome a
‘pulling-in’ or ‘screwing’ effect 3.

Some authors believe that there is a relation between the
instrument design and the root canal cleanliness®36%7,
There is some evidence that NiTi instruments with active
cutting blades show better canal cleanliness than
instruments with radial lands. Liu et al®® compared the
debris and smear layer production by ProTaper and GT
instruments and found that the ProTaper produced more
clean surfaces with less smear layer and debris. In another
study by Shahi et al 2009 3, the ProFile instruments were
compared with RaCe instruments and was found that RaCe
instruments produced more clean surfaces.

Comparisons of instruments with and without radial lands
on the basis of SEM evolution of root canal walls for
residual debris have shown that radial lands tend to burnish
the cut dentine into the root canal wall, whereas instruments
with positive cutting angles seem to cut and remove the
dentine chips®*®4, Jeon et al® compared the thickness and
debris penetration inside dentinal tubules after the use of
HERO 642, ProFile and K3 instruments and found that the
least smear layer remained in the HERO 642 group at the
selected apical third of straight root canals and the surface
texture of the smear layer, in addition to the depth and the
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frequency of packed materials into the dentinal tubules,
varied with instrument type.

Veltri et al*? reported that the blade angle of MTwo files is
almost vertical and helical pitch increases from the tip to
the handle. These features reduce the tendency for debris
accumulation and to obtain an effective cutting action with
less separation risks. Furthermore, the increasing pitch
should allow a more delicate cutting action at the apex and
a more aggressive one in the coronal portion.

Generations of the NiTi rotary instruments:

First Generation

This category of NiTi rotary instruments were first
introduced to the market during the mid-1990s. The most
important characteristic of the first-generation NiTi rotary
file is having passive cutting radial lands along with fixed
0.04-0.06 tapers over the full working lengths. The main
important NiTi rotary instruments within this category are
LightSpeed Endodontics, Profile-Dentsply, Quantec-
SybronEndo, and GT system-Dentsply. Several researches
showed that all first-generation rotary instruments created
smooth root canal walls which centered in the middle and
caused low procedural errors.The main deficiency of this
generation of NiTi rotary instruments was requiring
numerous files to achieve these goals and complexity*3-46,
Second Generation

The second generation of NiTi rotary files was introduced
into the market in 2001. These instruments had active
cutting edges with greater cutting efficiency, so the number
of instruments required to achieve complete cleaning and
shaping was almost less in comparison with the previous
generation. Notable systems in this generation are ProTaper
Universal-Dentsply, K3-SybronEndo, Mtwo-VDW, Hero
Shaper-Micro-Mega, | Race, and | Race Plus-FKG
Dentaire.

Third Generation

It was in late 2007 that the manufacturers started to apply
the heating and cooling technologies on NiTi alloys to
improve the safety of these instruments, especially in the
curved root canals.

In making third generation of the NiTi rotary files, the
manufacturers have highly focused on metallurgic
properties of the NiTi alloy using heating and cooling
procedures on wires which results in reduction of the cyclic
fatigue of the files and also reduction of the separation risk
of the instruments which is highly demanded by the
practitioners. Applying M-wire and R-phase technologies
and electrical discharge methods make instruments with
high memory shapes and low risk of separation*®,

K3 XF Files-SybronEndo, Profile GTX Series—Dentsply,
controlled memory (CM) Files (HyFlex CM)—Coltene, and
Vortex Blue (Dentsply Tulsa) are notable files in this group
which have been exposed to heat treatments to increase
flexibility and safety. The CM property helps the
instrument to save the shape of the canal when it is moved
out of the canal. Flex files (NeoEndo) files have been
predisposed to gold thermal treatment which increases their
cutting efficiency along with cyclic fatigue resistance®*2,
Fourth Generation

Reciprocation which is described as any cyclic back and
forth or up and down motion is another philosophy in canal
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preparation which was first introduced by Blanc, a French
dentist, in the late 1950s. Instead of full rotation, the
reciprocating NiTi rotary instruments have movements in
which clockwise and counterclockwise degrees of rotation
are quite equal. The reciprocation theory of canal
preparation has led to development of the fourth generation
of NiTi rotary instruments. The use of a single file
technique to achieve a thorough cleaning and shaping goals
at this phase was another success which was also derived
from the reciprocating philosophy in cleaning and shaping
the root canal systems Many studies have shown that the
Wave One and the One Shape single file systems can
efficiently reduce the bacterial number in the root canal
along with preserving the original shape of it. Wave One-
Dentsply, self-adjusting le (SAF)-ReDent Nova, and
Reciproc-VDW are featured instruments of fourth
generation*351,5354,

Fifth Generation

In this generation, the efficiency of canal shaping has been
improved by offsetting the center of rotation. The offset
designed files produce a mechanical wave of motion that
distributes along the full length of the NiTi file which
improves cutting and removing the debris in comparison
with a centered mass rotating instrument. Furthermore, this
offset design reduces the taper lock or the screwing effect
which causes instrument separation. HyFlex electrical
discharge machining (EDM) Coltene, Revo-S Micro-Mega,
One Shape Micro-Mega, and ProTaper Next-Dentsply are
important files of the fifth generation®..

ProTaper Gold (PTG):

ProTaper Gold is the latest addition to the world famous
ProTaper family developed by Dentsply Sirona
Endodontics in collaboration with international endodontic
key opinion leaders.

They have the same geometries as ProTaper Universal with
a convex triangular cross section and progressive taper with
regard to the morphology, including sizes, taper, and cross-
section. It is distinguished by the Gold thermal treatment,
which increases its flexibility and resistance to cyclic
fatigue, helping ensure a more centered preparation of
curved canals®?. Post heat treatment is applied after the
flutes of a file have been manufactured. The temperature
used is in a range of 370-510°C for a variable period of
time. Files exhibit two stage specific transformation
behavior and high Af temperature around 50°C similar to
CM wire'™,

ProTaper Gold (PTG) files (Dentsply Tulsa Dental
Specialties) have featured manufactured metallurgical
characteristics with 2-stage specific transformation
behavior and high austenite finish temperatures®. ProTaper
Gold files are available in eight sizes: SX (tip size 19 with a
taper of 0.04), S1 (tip size 18 with a taper of 0.02), S2 (tip
size 20 with a taper of 0.04), F1 (tip size 20 with a taper of
0.07), F2 (tip size 25 with a taper of 0.08), F3 (tip size 30
with a taper of 0.09), F4 (tip size 40 with a taper of 0.06),
and F5 (tip size 50 with a taper of 0.05 %and use the same
rotary action and settings as ProTaper Universal.

According to Dr. John West; “ProTaper Gold produces
consistently predictable shapes for predictable cleaning and
obturation that is easier and safer than ever before.”
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Single-File Rotary Systems

Single-file rotary systems are classified to two groups:
continuous rotating and reciprocating files, based on type of
their motions®,

Wave One Dentsply-Maillefer, Swiss, and Reciproc VDW,
Germany, have reciprocating motions while Neoniti—
Neolix, Charles-La-Foret, France, One Shape Micro-Mega,
HyFlex/EDM-Coltene, Whaledent-Swiss, and XP-endo
shaper FKG Swiss apply continuous motions.

This perfect combination of flexibility and fracture
resistance makes it possible to reduce the number of files
required for cleaning and shaping during root canal
treatment without having to dismiss preservation of the
original curve and anatomy of the root canal®35%,

XP endo shaper:

Recently, a special NiTi alloy known as MaxWire
(Martensite-Austenite Electropolishing-Flex, FKG). The
XP endo shaper (FKG Dentaire, La-Chaux-de-Fonds,
Switzerland) was introduced in 2016 with 0.30 diameter
and 0.1 taper that could expend to 0.4 taper. This file has a
retracted form to rectilinear geometry when it is in a
martensitic phase (rest position or static) and a structured
form when in the austenite phase (working position or
dynamic state). The transition from the martensite phase to
the austenite phase occurs naturally in the body temperature
between 32°C and 37°C with Af temperature around 35°C.
In dynamic state, the instrument has a twisted shape, with
several twists twisted along its length.

It has a Booster tip that gives it a unique geometry, with six
cutting edges at the tip and it has the ability to start shaping
at 1ISO 15 initial diameter and achieve 1SO diameter 30, but
also to increase the taper from .01 to at least .04. it allows
to reach a final canal preparation of minimum 30/.04 and
this with only one instrument.

Lacerda et al 2017 evaluated the cleaning and shaping
ability of 3 instrumentation systems in oval canals of
extracted vital teeth using a correlative analytic approach.
There was no significant difference in the amount of
unprepared surface areas between the 3 instrument systems,
except for the comparison between the SAF and XP-endo
Shaper in the apical 4-mm segment. None of them prepared
100% of the root canal walls. The cleaning ability of the 3
systems was similar.

One curve:

One Curve is a single-use, heat-treated NiTi rotary file that

enables shaping of the full length of the canal with a single

instrument, directly to the apex. Combined with the
patented design, C. wire defines One Curve’s personality
traits as its own DNA: One Curve is a smart, efficient, and
conservative instrument manufactured by Micro-Mega

Company. The advantages of One Curve, single- file

technology are listed below:

1. Increased blade flexibility and more separation
resistance resulted from C. wire heat treatment
technology: CM of NiTi material

2. Perfect taper and diameter for a final shaping that
meets standards of an optimized cleaning and shaping.
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3. Patented variable cross-section all along the blade for a
centering ability in the apical third and an excellent
debris removal up to the medium and coronal parts

4. Proven cutting efficiency

5. Preserves the original anatomy of the root canal®®’.

Controlled memory (CM) wire of NiTi material: CM

Wire (DS Dental, Johnson City, TN) is a novel NiTi alloy

with flexible properties that was introduced in 2010. It is

manufactured by a proprietary thermo-mechanical process
aimed to increase the flexibility, reduce the shape memory,
raise the transformation temperatures (Af to about 50°C)
and obtain stable martensite at the body temperature. This
allows the instruments to be pre-curved prior to placing
them into the root canal. Sterilization of the files will return
them to their original shape. CM NiTi file systems available
also include Hyflex CM (Coltene Whaledent, USA),

Typhoon CM (Clinician’s Choice Dental Products, USA)

and ProFile Vortex Blue (Dentsply).

Today, thermal treatment of NiTi alloys helps us to

optimize the mechanical properties and increase the

flexibility of these instruments %8 The mechanical
properties of NiTi depend on its crystallographic
arrangement, which can exist in two forms depending on
the temperature and stress. At higher temperatures, NiTi
exists in an austenitic phase, where the atoms are arranged
in a body centered cubic lattice®. When stress is applied or
temperature is reduced below a certain range described as
the transformation temperature the atoms tend to rearrange
their distribution into a more elastic form called the
martensitic phase. This transformation is what gives the
NiTi its super elasticity.
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