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Abstract

NiTi endodontic instruments have gained extensive popularity due to their 
superelasticity and greater torsional resistance than the traditional stainless-
steel files. Therefore, various NiTi endodontic files with thermomechanical 
processing such as M-wire, controlled memory, and R-phase with different 
kinematics and design features have been introduced to show improved 
flexibility and cyclic fatigue resistance compared to the traditional superelastic 
NiTi files. The knowledge of the mechanical properties and their association 
with the metallurgical properties or kinematics of NiTi rotary instruments is 
helpful to understand the behaviour of NiTi instruments in root canals and to 
make decisions regarding which instruments are appropriate for root canal 
therapy. Therefore, this review discusses the microstructure, thermomechanical 
treatments, design features, mechanical properties and kinematics of the 
traditional and contemporary NiTi instruments and the influence of these factors 
on their clinical performance.

Keywords: NiTi endodontics; Microstructure and phases; Design features; 
Reciprocation; Glidepath

Introduction
Nickel–titanium alloy was introduced in endodontics 30 years ago 

when Walia, et al. [1] employed a nickel–titanium arch wire to fabricate 
a root canal file in 1988. NiTi endodontic instruments have gained 
extensive popularity due to their superelasticity and greater torsional 
resistance than the traditional stainless-steel files [1,2]. Therefore, 
various NiTi endodontic files with different geometric designs 
have been developed [3-5]. However, the unexpected separation of 
NiTi endodontic rotary files during root canal instrumentation still 
remains a serious drawback in clinical use. Recently, novel kinds of 
NiTi endodontic files fabricated by proprietary thermomechanical 
processes such as M-wire files, controlled memory (CM) files, and 
R-phase wire with different kinematics and design features have been 
introduced showing improved flexibility and cyclic fatigue resistance 
compared to the traditional superelastic NiTi files [6-10].

The knowledge of the mechanical properties and their association 
with the metallurgical properties or kinematics of NiTi rotary 
instruments is helpful to understand the behavior of NiTi instruments 
in root canals and to make decisions regarding which instruments are 
appropriate for root canal therapy. Therefore, this review is intended 
to summarize the design features and mechanical properties of the 
traditional superelastic NiTi instruments and contemporary NiTi 
instruments, and to provide a comparative assessment of rotary and 
reciprocating motion, discuss the importance of glide path as well as 
the influence of metallurgical properties on the mechanical properties 
of NiTi instruments, with a special focus on factors affecting the 
success of rotary endodontics.

NiTi: metallurgical structure and phases
The mechanical behavior of NiTi alloy is determined by the relative 

proportions and characteristics of the microstructural phases [11]. 
Heat treatment (thermal processing) is one of the most fundamental 
approaches toward adjusting the transition temperatures of NiTi 
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alloys [12-14] and affecting the fatigue resistance of NiTi endodontic 
files.

NiTi alloys with nearly equiatomic ratio possess the unique 
superelasticity and shape memory effect [15]. That is why the NiTi 
alloys used in root canal treatment contain approximately 56% (wt) 
nickel and 44% (wt) titanium (1) resulting in a 1:1 atomic ratio 
(equiatomic) of the major components. NiTi can have 3 different 
forms: martensite, austenite, and R-phase, the character and relative 
proportions of which determine the mechanical properties of the 
metal [16].

Austenitic and martensitic phases
The crystal structure of NiTi alloy at high temperature ranges 

(100 °C) is a stable, Body-Centred Cubic (bcc) lattice which is referred 
to as the austenite phase or parent phase. NiTi when cooled through 
a critical transformation temperature range (TTR), shows a change 
in the crystal structure known as the martensitic transformation, 
with changes in its modulus of elasticity (stiffness), yield strength and 
electric resistivity giving rise to the shape memory characteristic [11].

The martensite phase is a low-temperature phase with monoclinic 
structure (B19′), possessing a relatively lower Young’s modulus (20-
50 GPa) and yield strength (138 GPa) than the austenite (40-90 GPa 
and 379 GPa, respectively) [17-19].

The transformation induced in the alloy may also occur by a 
shear type of process the martensitic or daughter phase, which gives 
rise to twinned martensite forming the structure of a closely packed 
hexagonal lattice. Almost no macroscopic shape change is detectable 
on the transformation, unless there is application of an external force. 
The martensite shape can be deformed easily to a single orientation 
to the de-twinned martensite when there is a ‘flipping over’ type of 
shear [2]. The NiTi alloy is more ductile in the martensitic phase than 
the austenite phase.

Martensitic phase has remarkable fatigue resistance and they can 
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easily be deformed [20]. The deformation can be reversed by heating 
the alloy above the TTR. The alloy resumes the original parent 
structure with a stable energy condition. The temperature at which 
this phenomenon begins is called the austenite transformation start 
temperature (As). The temperature at which this phenomenon is 
completed is called the austenite finish temperature (Af).

The transition from the austensitic to martensitic phase 
also occurring as a result of application of stress as during root 
canal preparation is referred to as stress-induced martensitic 
transformation.

When the material is in its martensite form, it is soft and ductile 
and can easily be deformed. Besides being more flexible than austenite, 
the martensite favours reducing the risk of file fracture under high 
stress because it can be plastically deformed rather than broken.

Thermomechanical Heat Treatment in 
Novel/Contemporary NiTi Instruments
M wire

It is a modification of the super-elastic 508 NiTi alloy used for 
endodontic instruments developed [21] by Dentsply. M-Wire, 
introduced in 2007, is produced by applying a series of heat treatments 
to NiTi wire blanks. Johnson, et al. [22] reported that instruments 
made from M-Wire with a ProFile design exhibited nearly 400% more 
resistance to cyclic fatigue than super-elastic wire instruments of the 
same size. Instruments with M-with technology include ProTaper 
Next, Profile Vortex, WaveOne and Reciproc.

CM wire
CM Wire is a novel NiTi alloy with flexible properties that was 

introduced in 2010. CM NiTi files have been manufactured using 
a special thermomechanical process that controls the memory of 
the material, making the files extremely flexible but without the 
shape memory of other NiTi files, as opposed to what is found with 
conventional super-elastic forms of NiTi [23]. Instruments made 
from CM Wire are nearly 300%-800% more resistant to fatigue failure 
than instruments made from conventional NiTi wire [8].

CM Wire and M-Wire instruments have increased austenite 
transformation temperatures. The Af of CM Wire, M-Wire, twisted 
file, and conventional super-elastic NiTi wire are approximately 55°C, 
50°C, 17°C, and 16°C-31°C, respectively [24-27]. The conventional 
super-elastic NiTi file has an austenite structure [24-29], whereas 
NiTi file with thermal processing are in the martensite condition at 
body temperature [24,26,27,30]. In addition, the critical stress for 
martensite reorientation of CM Wires is 128 MPa-251 MPa at room 
temperature and 37°C, which is much lower than the critical stress 
for stress-induced martensite transformation of the super-elastic 
wires (490 MPa -582 MPa) [24]. However, the maximum strain of 
CM Wires before fracture (58.4%-84.7%) is much higher than that 
of the super-elastic wires (16.7%-27.5%). These results indicate the 
superior flexibility of CM Wire compared with conventional super-
elastic NiTi wire.

R phase
In 2008, SybronEndo developed a manufacturing process to 

create a NiTi endodontic instrument- Twisted Files (TFs). According 
to the manufacturer, TF instruments were developed by transforming 

a raw NiTi wire in the austenite phase into the R-phase through a 
thermal process. The aging of Ni-rich NiTi alloy at the proper 
temperature may cause the precipitation of the Ti3Ni4 phase, and 
thermomechanical treatment of NiTi alloy may create rearranged 
dislocation structures [31]. An instrument made from the R-phase 
wire would be more flexible [32].

R-phase is an intermediate phase with a rhombohedral structure 
that can form during forward transformation from martensite 
to austenite (B2-B19′) on heating and reverse transformation 
from austenite to martensite (B19′-B2) on cooling. It exhibits the 
characteristics of thermoelastic martensitic transformation, i.e., shape 
memory and superelasticity effects, with a lower Young’s modulus 
than austenite.

Design features
Along with other factors like material’s properties and processing 

methods, design features are also a determining factor in instrument’s 
operation technique and the range of objectives that could be solved 
by its use. Various design features of the instruments are described 
as follows

Tip design
Tip is an element of the working part of instrument that performs 

the guiding function. The tip might have a sharp or rounded (bullet-
like) configuration, depending on whether it appears: active (cutting 
tip), or passive (non-cutting tip). Most of the current file systems have 
passive tips which does not have cutting edges and does not possess 
cutting properties. This reduces the risk of instrument deviation 
from the canal axis, and as a result the risk of transportation or ledge 
formation [33-35].

Taper
It is the ratio of the instrument diameters at two different points 

of the cutting part to the distance between them. Taper is expressed 
in fractional form or in percentage. The taper of traditional hand 
instruments according to the ISO standard is 0.02 mm/mm or 2% 
[36]. This means that for every millimetre of the cutting part, the 
external instrument diameter increases by 0.02 mm from the tip 
towards the shank.

NiTi rotary files usually have an increased taper (4%-12%) or may 
have a constant (K3) or variable taper (ProTaper) along their length.

Rake angle
It is the angle formed by the cutting edge and a cross section 

taken perpendicular to the long axis of the instrument. The cutting 
angle, on the other hand, is the angle formed by the cutting edge 
and a radius when the file is sectioned perpendicular to the cutting 
edge. The rake angle determines the instrument–substrate interaction 
pattern. It may be negative, positive or neutral (equal to zero). In 
case of negative rake angle, cutting is not aggressive; the instrument 
scratches a surface rather than cuts. In case of a positive rake angle, 
cutting is very aggressive. Most conventional endodontic files utilize a 
negative or “substantially neutral” rake angle. An overly positive rake 
angle will result in digging and gouging of the dentin, which can lead 
to separation.

Radial land
It is a surface that projects axially from the central axis, between 
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flutes, as far as the cutting edge. It is the combination of a non-cutting 
tip and radial land that keeps a file centered in the canal. Rotary files 
either have full radial lands or recessed lands. A full land effectively 
keeps the file centered, while a recessed land allows for a less frictional 
resistance. Land touches the canal walls at periphery of file and 
reduces the tendency of file to screw into the canal, transportation 
of canal, progression of microcracks on circumference, supports 
the cutting edge, and limits the depth of cut. However, radial lands 
on rotary files increases lateral resistance resulting in increased 
torque requirement elevating the danger for instrument fracture. 
Initially NiTi files incorporated this feature, but is not present in the 
contemporary NiTi instruments.

Helical angle
It is the angle that the cutting edge makes with the long axis 

of the file. Files with a constant helical flute angle allow debris to 
accumulate, particularly in the coronal part of the file. Additionally, 
files that maintain the same helical angle along the entire working 
length will be more susceptible to the effect of “screwing in” forces. 
By varying the flute angles, debris will be removed in a more efficient 
manner and the file will be less likely to screw into the canal.

Pitch
Pitch is the number of spirals or threads per unit length. The result 

of a constant pitch and constant helical angles is a “pulling down” 
or “sucking down into” the canal. This is particularly significant in 
rotary instrumentation when using files with a constant taper. A 
variable helical angle along with a variable pitch is preferred [37].

Mechanical Classification of File Systems
First-generation files

The first rotary 0.02 taper NiTi instrument (Dr. John McSpadden, 
1992) had problems associated with file breakage. Later, ProFile 0.04 
tapered series was introduced by Dr. Johnson in 1994 followed by 
ProFile 0.06 taper and the “Orifice Shapers.” Other rotary file were 
the LightSpeed, the Quantec, and the Greater Taper files. First 
generation files had passive cutting radial lands, fixed tapers over the 
length of their working parts, required a considerable number of files 
to achieve preparation objectives, and had neutral or slightly negative 
rake angles [38].

Second-generation files
They possessed actively cutting edges without radial lands thus 

requiring fewer instruments to fully prepare a canal, and the angle 
between the cutting blade and the longitudinal axis of the instrument 
lower than in first-generation files, reducing the tendency for a 
screwing effect during use [38].

Several second generation systems had positive rake angles giving 
them greater cutting efficiency. NiTi files included are ProTaper 
rotary files, K3 system, Mtwo, Hero Shaper, EndoSequence, and 
BioRaCe.

Third-generation files
Improvements in NiTi metallurgy is the characteristic of third 

generation mechanical shaping files since 2007. Heat treatment 
(thermal processing) adjusts the transition temperatures of NiTi 
alloys [39-43] and affects the fatigue resistance of NiTi endodontic 

files. Third generation file included HyFlex CM, K3XF, ProFile GT 
Series X, ProFile Vortex and Vortex Blue, TYPHOON™ Infinite Flex 
NiTi, and Twisted Files.

Thermomechanical heat treatment in Hyflex CM files makes 
them more resistant to cyclic fatigue; reducing the incidence of file 
separation [38]. Hyflex EDM files are produced using Electrical 
Discharge Machining, resulting to be extremely flexible and fracture 
resistant. In cases of curved canals, Hyflex EDM is used along with 
Hyflex CM file (20/0.04). K3XF Files possess basic features of the 
original K3 files plus flexibility and resistance to cyclic fatigue owing 
to the proprietary R-phase technology. K3XF instruments have 
superior fatigue resistance compared with conventional superelastic 
NiTi instruments [10,44,45].

Fourth-generation files
Reciprocation, defined as any repetitive backward and forward 

movement, is clinically utilized to drive stainless-steel files since 1958. 
Initially, all reciprocating motors and related handpieces rotated files 
in large equal angles of 90° clockwise (CW) and counterclockwise 
(CCW) rotation. Over time, virtually all reciprocating systems began 
to utilize smaller, yet equal 30° angles of CW/CCW rotation (M4, 
Endo-Eze AET and Endo-Exprss). However, current reciprocating 
systems are based on unequal CW/CCW angles (WaveOne and 
Reciproc).

WaveOne file, manufactured by M-wire technology, represents 
the design features of second and third generation files, along with a 
reciprocating motor that drives any given file at unequal bidirectional 
angles. The counter clockwise (CCW) engaging angle is 170° while the 
clockwise (CW) disengaging angle is 50° with an average speed of 350 
rpm, designed to be less than the elastic limit of the file. After three 
CCW and CW cutting cycles, the file rotates 360°, or one complete 
circle. 

Reciproc files are thermally treated, single file system that are 
used at 10 cycles of reciprocation per second, the equivalent of 
approximately 300 rpm, with CW angle being 150° and CCW angle 
being 30°.

The self-adjusting file (SAF) is designed as a cylinder of thin-
walled, delicate NiTi lattice with a lightly abrasive surface, capable 
of adapting itself to the canal shape three-dimensionally [46]. The 
SAF system uses a hollow reciprocating instrument allowing for 
simultaneous irrigation throughout the mechanical preparation.

Fifth-generation files
The fifth generation of shaping files are designed such that the 

center of mass and/or the center of rotation are offset. In rotation, 
these files produce a mechanical wave of motion that travels along 
the active length of the file. This swaggering effect serves to minimize 
the engagement between the file and dentin compared to the action 
of a fixed tapered file with a centered mass of rotation [47]. Reduced 
engagement limits any undesirable taper lock, the screw effect, and 
the torque on any given file. An offset file design may also decrease 
the probability of laterally compacting the debris and blocking the 
root canal system anatomy. Examples of file systems include Revo-S, 
One Shape and ProTaper Next. ProTaper Next is the successor to 
the ProTaper Universal system. PTN files include various tapers on a 
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single file, M-wire technology, and the offset design.

Reciprocation vs. rotary
Reciprocating motion is defined as a repeated backward and 

forward (CW/CCW) movement [48]. Variations of reciprocating 
motion include complete reciprocation (oscillation), partial 
reciprocation (rotational effect), and hybrid reciprocation (combined 
movements), that can be fixed or flexible (i.e., they can shift from one 
type of reciprocation to the other in the canal based on mechanical 
resistance and torque) [49]. Reciprocation can determine a dynamic 
of cutting that can resemble the action of the balanced force technique 
described by Roane, et al. in 1985 [50]. This contributes to maintain 
the instrument centered in the RC, being the cutting force equal on 
the concave and convex side of the curve.

Plotino, et al. [51] in their literature review assessed the 
reciprocation and concluded that reciprocation motion seems 
advantageous that it reduces the incidence of instrument fracture 
i.e., it extends the life span of the NiTi files, can better preserve the 
original canal anatomy in curved root canals and reduces the shaping 
time compared with rotary full-sequence systems. Reciprocating files 
seem to cause fewer or an equivalent rate of dentinal microcracks 
compared with rotary full-sequence systems. Compared to rotary 
motion, reciprocation does not seem to reduce the cutting efficiency 
of the files. The cleaning effectiveness of reciprocating files appears 
comparable with rotary full-sequence systems. However, the ability 
of reciprocating files to extrude less debris than continuous rotating 
files is controversial.

Glide path
As defined by West, it is a smooth radicular tunnel from the orifice 

of the canal to the physiologic terminus of the root canal [52,53]. It 
is achieved when the file forming it can enter from the orifice and 
follow the smooth canal walls uninterrupted to the terminus [52,54], 
confirming that there is a pathway for rotary instruments to passively 
follow in the canal. Its minimal size should be a “super loose No. 10” 
endondontic file. Without a glide path, rotary files can easily screw 
themselves into canals by engaging more dentin and separate. The 
glide path assures that the tip of the file will not become locked as it 
moves apically and that the canal is free and clear of significant debris 
and blockage, which otherwise could cause iatrogenic error [55]. 
The lack of glide path establishment may result in ledge formation, 
blockage of root canals, transportation, zip formation, perforation 
and instrument fracture. Creating a .02 tapered glidepath is critical 
for the safe and effective use of nickel-titanium rotary shaping 
instruments. Glidepath can be described as a manual glide path 
created with handfiles, or a mechanical glide path created with rotary 
files [56].

Instruments to prepare glide-path can be manual including 
K-Files, C+ Files, PathfindersTM, S-finders, D-finders, or mechanical 
including PathFiles, G-files, Safesiders, V-files, EndoWave, Progliders.

Clinical safety guidelines during NiTi instrumentation [57]
Generally, following suggestions should be considered to avoid 

iatrogenic errors:

•	 Avoid subjecting NiTi rotary instruments to excessive stress.

•	 Use instruments that are less prone to fracture.

•	 Follow an instrument use protocol.

•	 Assess root canal curvatures radiographically and instrument 
them carefully.

•	 Ensure that the endodontic access preparation is adequate.

•	 Make a glide path with small size files (sizes 10-20). This 
allows preservation of pathway to the working length and 
reduces the formation of transportations and ledges.

•	 Use crown down approach.

•	 Recapitulate using a small file to establish and maintain 
patency to reduce transportation and respecting the original 
canal shapes.

•	 No instrument should be introduced into the root canal 
space until an appropriate irrigant is introduced into the pulp 
chamber.

•	 Do not stop the preparation in between. Overzealous use of 
NiTi rotary files (especially beyond apical foramen) could 
cause cracks in apical roots.

Failures in NiTi Endodontic Instruments
Torsional failure

Torsion is one of the primary mechanisms responsible for the 
intracanal separation of NiTi endodontic instruments [58,59]. It can 
be generated within the rotary file when the tip or some part of the 
instrument is locked against the canal wall while the shank of the 
file continues to rotate or is subjected to excessive pressure by the 
clinician [3,60]. The tip fractures when the handpiece torque exceeds 
the ultimate strength of the metal [61]. High torsional stiffness is 
desirable for the clinical performance of rotary files owing to the 
enhanced cutting efficiency and reduced torsional failure risk [62-64].

Flexural failure
Cyclic fatigue occurs when a metal is subjected to repeated 

cycles of tension and compression that cause its structure to break 
down, ultimately leading to fracture. It is the main reason for the 
majority (93%) of broken instruments. The fracture caused by cyclic 
fatigue of NiTi endodontic instruments is difficult to detect during 
clinical practice due to the invisible signs of permanent deformation 
during cyclic fatigue [65]. Thus attempts have been made to improve 
the resistance to cyclic fatigue for NiTi instruments, including 
thermomechanical processing and exploring new materials. M-wire 
instruments demonstrate superior resistance to fatigue-crack 
initiation and propagation compared with regular super elastic files, 
owing to a better reorientation capability of the M variants [66].

Concluding remarks
From a material point of view, the properties of NiTi alloys 

depend on their chemical composition, phase constitution and 
fabrication procedures. Flexibility is beneficial for maintaining the 
original shape of root canals, especially severe curvatures. Adequate 
torsional resistance and flexural fatigue resistance favour reducing 
the occurrence of the intracanal separation. Thus, flexibility and 
resistance to fracture constitute properties expected for an ideal 
root canal file [62,67]. Endodontic world is seeing a revolutionary 
change with continuously evolving NiTi files. Advantageously, 



Austin J Dent 5(4): id1112 (2018)  - Page - 05

Nagpal R Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

NiTi rotary shaping files have nearly eliminated the iatrogenic 
instrumentation complications associated with endodontic steel 
instruments. As an increasing number of new NiTi files are being 
introduced in the market at a very fast pace, it becomes imperative 
for the clinicians to understand the changes in their design features, 
impact of thermomechanical heat treatments and kinematics on the 
performance of those contemporary NiTi systems, so that one can 
make a judicious choice based on case difficulty and the teeth that 
have been endodontically treated last longer in the mouth.
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