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Abstract: Rotary file systems used during root canal treatment in endodontics have been used for a long time. With the development of
technology and especially with the discovery of nickel - titanium alloys, file systems have developed much faster with the beginning of
their use in endodontics. Thanks to the superelasticity and shape memory feature of the file systems, much better motion and control is
provided in the canal and the treatment efficiency is increased. In addition, the use of increasingly complex combinations in the
rotational motion also increases the treatment efficiency and tool resistance against rotational fatigue. In this review, the current rotary
instrument systems that endodontists will choose in root canal treatment are discussed.
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1. Introduction

Mechanical shaping of root canals in root canal treatment is
one of the factors that directly affect the success of the
treatment. In this way, vital and necrotic tissues and infected
dentin are removed from the canal (1, 2). With this shaping,
the canal is filled by giving the canal a conical form that
gradually expands from the apical to the coronal. When this
process is done in the best way, an area is obtained that
allows the bacterial biofilm to be removed and then
antimicrobials to disinfect the root canals (1 - 3).

Various instruments and materials have been used for the
preparation of canals in root canal treatment. For this
purpose, after the use of stainless steel files and reamers for
a long time, nickel titanium alloys were developed and
started to be used in endodontics. Nickel - titanium alloys
can remain in the center of the canal during the remaining
preparation, and due to its flexible structure, it leads to the
formation of much less steps (1 - 3). In this way, the shaping
of the canals becomes faster and easier, and issues such as
elbow step formation, transportation, perforation, canal
obstruction, canal flattening and instrument breakage have
begun to be seen less (2 - 5).

After the first use of nickel - titanium alloy rotary
instruments, file systems with different physical and
chemical properties and different mechanical designs were
produced and released to the market over time. In this way,
both the efficacy of treatment has been increased and
possible complications have been reduced. In addition, the
risk of tool breakage has been tried to be reduced with
designs that try to reduce the resistance against files (2 - 6).
In this review, it is aimed to examine the development of
nickel titanium alloy rotary file systems used in endodontics
and the properties of current rotary instruments.

Properties of Nickel - Titanium Alloys

Nickel - titanium alloys consist of 55% nickel and 45%
titanium. They show high resistance to cyclic fatigue and
have superelasticity. Its elastic structure allows easy motion
in narrow and curved channels (7, 8).

Nickel titanium alloys show recoverable strain. The
thermomechanical mechanisms of these alloys are simple
and have a high power to weight ratio. Biocompatibility
levels are high. They show high electrical and corrosion
resistance. However, in addition to these features, it has
shape memory, that is, the ability to return to its
predetermined shape and/or size when exposed to
appropriate heat treatment (9, 10). Phase transformations of
the alloy provide shape memory properties. According to
this, it can be deformed by showing elastic elongation up to
10% in the phase called martensite, and can return to its
former shape and/or size after heat treatment in the
austensite phase, or vice versa, it can be taken to the
martensite phase after the austenite phase and its previous
shape can be obtained with elastic elongation. In a short
temperature interval between cooling and heating, the
intermediate form R - phase is formed (9 - 11).

Nickel - Titanium Alloys Used in Endodontis

The superelasticity and shape memory properties of nickel -
titanium alloy and its high resistance to cyclic fatigue have
led to the use of this alloy in root canal treatment in
endodontics. Different designs have been developed and
released to the market in order to increase the efficacy and
ease of application in treatment and to reduce the risk of
fracture (12).

Endodontic instruments produced from conventional nickel
titanium alloy are produced by machine cutting of nickel
titanium wire and irregularities may occur on the instrument
surface during cutting. Therefore, the fracture resistance and
cutting efficiency of the file decrease (13).

There is 55.8% nickel in the M - Wire alloy, which is
produced by thermomechanical processing of the metal by
subjecting it to heat treatments at various temperatures
before processing. Although the alloy obtained by this
method is mostly in the austenite phase at body temperature,
some of it is also found in the martensite and R - phase, thus
maintaining its superelasticity (12, 14).

In R - phase alloys, when the alloy is in R - phase, rotary
tools were produced by bending the nickel titanium wire,
and then the rotary tools were brought to the austenite phase
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by applying additional heat treatment. Because less stress is
required to deform in the R - phase, the material can be
shaped by wire bending in the R - phase. R - phase alloys
have higher rotational fatigue resistance and elasticity than
conventional nickel titanium alloys. In this way, a more
central canal preparation can be made and the risk of
transportation decreases (15 - 17).

Controlled Memory (CM - Wire) alloy does not show
superelasticity at room temperature and body temperature.
Since they are in the martensite phase at room temperature,
they are easily deformed, but because they are in the
martensite phase, they are more flexible and have higher
rotational fatigue resistance. They do not show shape
memory because of their phase ratio (18).

Tools produced with Gold and Blue heat treatment alloys are
machine cut and then subjected to thermal treatment, which
includes heating and cooling. For this reason, their surfaces
are covered with a layer of titanium oxide, which causes
them to appear in different colors (19).

Maxwire alloy is the first endodontic nickel titanium alloy
with shape memory and super elasticity. These alloys are
relatively flat at room temperature in the martensite phase
and show austenite phase transformation within the channel
during application. In this way, they take a more curved
shape and show shape memory and super elasticity
properties (20).

Tools made from T - Wire alloys are much more resistant to
fracture than untreated alloys. Shape memory can be
controlled in tools produced from C - Wire alloy and
subjected to special heat treatment (13, 19).

Firewire alloys are thermomechanically processed by a
series of heating and cooling processes and are more
flexible, but their shape memory is reduced (13, 19).

In Electrical Discharge Machining (EDM) alloys, spark -
erosion technology is used and melting areas are formed in
the alloy and some parts are evaporated by means of a
conductive liquid and a controlled electric current. The
cyclic fatigue resistance of the alloy obtained by subsequent
heat and mechanical treatments is high (21.22)

Design Features of Endodontic Instruments

The designs of endodontic nickel titanium rotary instruments
vary depending on their helix angle, helical structure, radial
area, tip size, taper angle, cross - section, and (2 - 6).

The helix angle is the angle between the long axis and the
cutting edge of the rotary tool. A constant helix angle causes
debris to accumulate coronally. Files with a fixed helix angle
offer less resistance to the screwing force. On the other
hand, instruments with variable helix angle can remove
debris more effectively and screwing effect can be reduced
(2,3,9).

The helical structure (pitch) is the number of grooves in a
fixed length of the rotary tool and this structure varies with
the distance between the grooves. Fixed helical instruments
can become trapped in the canal, so many rotary instruments

are variable helical (3, 4, 9).

The radial area is the flat surface between two grooves in the
rotary tool. The radial area is the most important factor in
keeping the file centered in the canal and supports the file.
The radial areas contact the canal walls peripherally and
reduce the penetration into the canal. However, they also
cause a decrease in cutting efficiency. The full radial area
keeps the file in the center of the canal, while the
discontinuous radial area reduces friction (5, 6, 14).

Rake angle in files is the angle made by the cutting edge
with the section perpendicular to the long axis of the tool.
This angle affects the cutting efficiency of the file. Tools
with a positive rake angle cut more effectively, but can
cause dentin snagging and cracks. Tools with a negative rake
angle create a scraping effect. Most rotary instruments have
negative or neutral rake angles (2, 3, 9).

In rotary instruments, the tip design can be active or passive.
Active inserts cut and can enter narrow and calcified
channels, but have a higher risk of channel transport due to
the inserts. Therefore, the use of passive tips is
recommended (2 - 6)

Kinematics of Motion in Rotary Systems

Motion kinematics in rotary systems have been designed in
different ways over time to increase treatment efficiency and
resistance to fracture.

Continuous rotation is the first designed motion kinematics
in endodontic rotary instrument systems. In this system, the
file works by rotating 360 degrees in the canal. This creates
high stress on the tool. Most rotary tools on the market still
have this kinematics (7, 9). Rotation motions are divided
into symmetrical (centric) and asymmetrical (eccentric).
Tools with asymmetrical motion can perform better cleaning
in canal structures with irregular cross - sections and provide
more surface contact on canal walls (23, 24).

In reciprocating motion kinematics, which was developed
after the rotation motion, continuous motions are made
clockwise and counterclockwise. With this motion
kinematics, it is possible to use a single rotary tool instead of
multiple rotary tools. With this motion, the tensile and
compressive stresses in the rotary tool are lowered and
fatigue resistance increases (9, 25).

In vertical vibratory motion kinematics, erosion of the dentin
canals and continuous irrigation are provided. It causes less
stress and less cracks on the canal walls compared to
rotation (26).

In  Adaptive (Rotation and Reciprocation) motion
kinematics, rotation and reciprocation coexist and the
advantages of both kinematics are used. When the tension
force increases as a result of a series of rotations, the
instrument returns to the reciprocating motion. It rotates
again when the torque drops. With various combinations like
this, both the efficiency of the cutting process and the
fatigue resistance are increased (23, 24, 27).
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First Generation Files

First generation nickel titanium files came into use at the
beginning of the 90s with a taper angle of 0.2. Later, ProFile
files were released with a taper angle of 0.4. First generation
files have a negative rake angle. The error rate is low in the
use of first generation files, but a large number of files are
required. There is only rotational motion in the first three
generations of files (28 - 33).

ProFile files were first produced with a taper angle of 0.02 in
1994, and then released as 0.04 and 0.06. These files have
been developed with U - shaped grooves evenly spaced
around the nickel titanium wire and untreated radial areas
between these grooves that prevent locking into the dentin
(30).

LightSpeed files were developed in 1993. They have an
unsharp long body and a short front cutting edge and are
flexible. It is used between 750 - 2000 Rpm. Available up to
60 numbers with intermediate numbers. It is recommended
not to skip numbers while using (31).

Quantec files were introduced in 1996. It consists of ten files
of different sizes, diameters and taper angles with standard
tips size 25, 40 and 45. With a positive cutting angle, it cuts
through the dentin and the helix angle removes debris from
the canal quickly and effectively. The cutter mass reduces
the risk of file breakage (32, 33).

Second Generation Files

Second generation files were introduced to the market in
2001. was released in. Second generation files have active
cutters that do not have a radial area, which helps to reduce
the number of files needed during canal preparation. These
files have a positive rake angle (34). It is also aimed to
improve the instrument surfaces and increase the cutting
efficiency by using techniques such as ion implantation and
electropolishing in these files (28, 35 - 42).

In Protaper files, the cross - section is in the form of a
modified K - file with sharp cutting edges and no radial area.
It features increased taper angles and improved thread
designs. It consists of a total of six files, three shapers and
three finishers. There are variable helix angles in different
regions as a factor that reduces the screwing effect (28, 35).

K3 files have a cross - sectional area with positive rake
angle, large radial areas, peripheral relief areas. The third
radial area and non - cutting tips of the K3 files enabled
them to have higher cutting efficiency and to reduce friction
thanks to the relief areas (36).

MTWO files have four sizes of tools from 10 - 25 with
conical angles between 0.04 - 0.06. This file system has four
types of tip size files ranging from 10 - 25. The helix angles
are greater in large diameter tools and differ in a single
saddle. This design improves cutting efficiency on large
diameter tools and facilitates channel feed on small diameter
tools. Later, the MTWO - R version was released (37).

HERO 642/HERO Shaper has high elasticity in rotation and
six files in the system, 20, 25 and 30 files with conical
angles of and 0.06. In these files, the distance between the
blades increases gradually and has a blunt tip. The short
metallic handles of these files make it easier to work on
posterior teeth (38, 39).

EndoSequence files have a length of 16 mm and taper angles
of 0.04, 0.06. The cutting surfaces alternately contact the
dentin walls, and this reduces the need for high torque,
keeping it in the middle of the canal during operation (40).

RaCe, reamer with alternating cutting edges, has an
electropolished surface. The ends are rounded and not sharp.
Changes in the cutting edge reduce the operating torque and,
accordingly, the effect of embedding in the canal (41, 42).

Third Generation Files

Third generation files, which are more resistant to breakage
and splitting, were introduced in 2007. These files, which
are produced by applying various heating and cooling
processes and electroerosion processes, have advanced
shape memory and this is especially advantageous in curved
canals. In these files, resistance to rotational fatigue has been
increased with M - phase and intermediate phase R - phase
technologies (43 - 49).

ProFile Vortex files have no radial area. On the other hand,
they are made of M - Wire with a helix angle in order to
prevent the screwing effect of the channel. The later
produced Vortex Blue files have a hard titanium oxide layer,
which has increased cutting efficiency, resistance to abrasion
and chipping, and flexibility (44, 45).

Hyflex CM files are made from CM Wire. The cross -
sections of these files are triangular. The nickel ratio is
lower (46). Twisted File (SybronEndo, Orange CA, USA)
files were produced by bending with R - phase of Nickel
titanium alloy and introduced to the market in 2008 (47).

ProFile GT Series X (Dentsply) files were produced and
released with M - Wire in 2007. Thanks to the design of the
chip cavity in these files, the need for filing is reduced and
this enables more efficient cutting of dentin. In this way, the
files can stay in the middle of the canal during cutting (48).

K3XEF files (SybronEndo) were launched in 2011, unlike the
K3 files, produced with R - phase instead of the traditional
Nickel titanium alloy. The horizontal cross - sections are U -
shaped and the same as the K3 files. It has similarities with
Twisted File produced by the same company (49).

Fourth Generation Files

Along with the fourth generation files, reciprocating motion
were introduced to the market. With this belt, cleaning and
shaping can be done using only one tool. In the first files
produced, the reciprocating motion was used with equal
angles, 90° clockwise and 90° counterclockwise, but later
on, files that work symmetrically with smaller angles and
asymmetrically working systems developed by Yared in
2008 came into use (13, 50 - 53).
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WaveOne files are designed to rotate three times 30°
clockwise and 150° counterclockwise, making cutting more
efficient and easier and better removing debris from the
canal. The WaveOne system consists of a single file and is a
disposable system. Three WaveOne files are available in
different sizes to work with different root canal anatomies
(50).

Reciproc files are a reciprocating system with different
clockwise and counterclockwise rotation angles. These files,
which have an S - shaped cross - section, are attached to the
dentin wall while rotating at a large angle. Afterwards, it
rotates in the opposite direction with a smaller angle and can
easily move forward in the canal without the effect of
screwing by separating from the dentin (13, 51).

Self - Adjusting File files (SAF; ReDent - Nova, Raanana,
Israel) are produced in a very different way in terms of
design and working method. This system has hollow files
allow irrigation during mechanical preparation. In this
system, when the file is inserted into the canal, it adapts
itself to the dimensions of the canal in three dimensions and
works with a back - and - forth motion by making 3000 -
5000 vibrations per minute (13, 52).

The Endo - EZE file system consists of four files and was
developed to shape the middle of the canal and was designed
and launched to be used with the gyromatic angledruva. In
this system, the use of a stainless steel file is recommended
for shaping the apical third of the canal (53).

Fifth Generation Files

Asymmetric design has been applied in the fifth generation
file systems. In these files, there is an asymmetry in the
cross - section of the centers of rotation and mass on the
files. The asymmetrical design allows a mechanical wave to
form along the long axis of the file during use. In this way,
both the screwing effect is reduced and the cutting process
and the removal of debris are performed more effectively
than files that rotate around the center of mass (13, 55 - 58).

One Shape (Micro - Mega) files consist of a single file with
number 25 and taper angle of 0.06. However, a single file
has different cross - sectional areas. One Shape files work
with a continuous rotation motion (55).

Revo - S files work with a continuous rotation motion.
These files are manufactured from a conventional nickel
titanium alloy and have a triangular cross - sectional area
and a fixed taper angle. It advances in the channel with its
asymmetrical cross - sectional area and provides easy
adaptation to the channels. This file system includes two
files for apical preparation and one file for recapitulation
(56).

In the ProTaper Next file system, taper angles are designed
as increasing and decreasing and rotation angles are
designed asymmetrically. With this design, only two points
of the file touch the canal walls at the same time, thus
reducing the screwing and taper lock effect. With this
design, the risk of debris accumulating in the lateral side of
the canal and blocking the canal is also reduced. Unlike

other file systems, the taper angles are fixed at the tip of the
file, while they are not fixed at the other parts of the file
(57.58).

Other New File Systems

With the advancement of technology, file systems that do
not fall into the generation categories, adapt to the canal
anatomy rather than shaping the canal, and can perform
minimally invasive shaping have been introduced to the
market (59 - 62).

XP - Endo Shaper (FKG Dentaire, La Chaux - de - Fonds,
Switzerland) is a single file system with a continuous
rotation motion like the first three generations. It is designed
in the shape of a snake with MaxWire technology and has a
triangular cross - sectional area. These files have
superelasticity and shape memory properties. In this way,
the taper angle increases with the transformation from the
martensite phase to the austenite phase at body temperature.
These files have higher rotational fatigue resistance than
other files (59, 60).

Edge Coil (EdgeEndo, Albuquerque, New Mexico, USA)
file system is manufactured with FireWire. It is a single file
system and works with reverse reciprocating motion. It is
designed in the shape of a snake and flexible, so it can be
used in channels with a slope of up to 90 degrees (61).

TruShape (Dentsply/Tulsa Dental Specialties) file system
has an asymmetrical, triangular cross - sectional design. It
has an S - shaped horizontal section. While working, it
contacts the channel at two points (61).

TruNatomy (Dentsply Sirona Endodontics, Ballaigues,
Switzerland) file system has an asymmetrical design, high
elasticity and a regressive taper angle. The taper angles are
not constant and gradually decrease along the instrument
(62).

2. Conclusion

Rotary file systems used during root canal treatment in
endodontics during root canal preparation have been used
and developed for a long time. The materials of these rotary
instruments, their elasticity, structure, motion kinetics and
resistance to rotational fatigue directly affect the treatment
effectiveness and usability of these instruments. With the
development of technology, more and more complex rotary
file systems have been used in root canal preparation and
much more effective treatment results have been obtained.
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