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ABSTRACT
In the last decade, nickel-titanium (NiTi) rotary canal instru
ments have proved to be valuable for root canal therapy because
of their exceptional ability to shape root canals with potentially
fewer procedural complications. The purpose of this clinical
update article is to bring clinicians up to date with the current
and popular endodontic rotary NiTi instrument systems.
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Introduction
One of the main objectives of root canal preparation is to
shape and clean the root canal system effectively while
maintaining the original configuration. A variety of
instruments and techniques have been developed and
described for this critical stage of root canal treatment.
Development of nickel-titanium (NiTi) instruments is
considered to be important in the field of endodontics.
They have proved helpful in overcoming the challenges
of increased canal blockage, instrument breakage, and
insufficient canal debridement that were related to the use
of stainless steel instruments. But at the same time, not
every instrument system is suitable for every clinician,
and not all cases lend themselves to rotary preparation,
mainly because of varying degrees of experience and
complexity. Therefore, the intention of the present article
is to provide the clinicians a brief update on the rotary
systems available and their design features.

Nickel-Titanium Rotary Instruments
The first NiTi alloy was developed by William Buehler
in 1960 and later commercialized under the trade name
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Nitinol, an acronym for Nickel Titanium Navy Ordinance
Laboratory. Nitinol is one of the three types of memory
metals. In 1988, Walia et al1 introduced this alloy in
endodontic files, and demonstrated that NiTi files had
two to three times the elastic flexibility in bending and
torsion (superelasticity), as well as superior resistance to
torsional fracture and corrosion as compared to stainless
steel files.2 These features led to better centering of the
instruments within the canal,3 less straightening of the
canal, fewer elbows and ledges, and less transportation.4
The NiTi alloys used for manufacturing endodontic
instruments consist of approximately 55% Ni and 45%
Ti and are, therefore, given the name 55 nitinol (Table 1).
Nickel-titanium rotary instrumentation should
always be performed with slow-speed, low-torque hand
pieces.5,6 These handpieces have preprogramed speed
and torque values preset by the manufacturer for their
recommended instruments. The units also allow the
operator to adjust the manufacturers’ settings to the
specific needs of the user (Table 2). An additional benefit
of these is the auto-reverse feature which is activated prior
to reaching the elastic torque limit of the file, potentially
reducing the possibility of instrument separation. Also
available are air driven handpieces that connect to a
slow-speed attachment on the dental unit. These are less
expensive but are unable to control torque and do not
have an auto-reverse feature.
The commonly used NiTi rotary systems are dis
cussed and summarized (Table 3).

Light Speed System
(Light Speed Technology, San Antonio, TX, USA)
This instrument was introduced in the early 1990s and
refers to simple handling with rapid rotation speed. It is
very similar in design to the Gates Glidden drill and was
introduced to improve the flexibility of the stainless steel
files.7 The predecessor of this instrument was the Canal
Master U system and was made of stainless steel. The
light speed system consists of 22 instruments, ranging
from ISO 20 to 100. Instruments with half sizes between
ISO 20 to 60 are also available. The instrument design
has a short cutting head with a smooth non-tapered
shaft. The files also have a non-cutting pilot tip with
U-design blades, radial lands and a neutral rake angle.
The files are used in a low torque hand piece of 1500 to
2000 rpm. There is minimum incidence of chances of
fracture of the instrument which, if occurs, happens high
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Table 1: Mechanical features of NiTi rotary instruments
Features
Taper

Function
Constant, increasing or
decreasing

Rake angle (refers to the
direction of the cutting edge)

Negative, neutral or positive.
A positive rake angle cuts
dentin more efficiently. A
negative rake angle occurs
when an instrument scrapes
the wall rather than cutting
into it.

Cross-sectional geometry

Triangular, triple helix,
asymmetrical, S-shape or
U-flute

Tip

Rounded cutting and
noncutting

Radial land (design of
the blades)

A radial-landed instrument
has a flattened aspect on
the external aspect of the
flute, whereas a nonlanded
instrument does not. A radiallanded instrument tends
to stay more central in the
canal space because of the
flattened portions pressing
against the lateral aspects of
the canal walls. A non-landed
instrument tends to cut the
tooth more efficiently, but
distortion of the canal is a
much greater problem.

Helical angle (angle
between the cutting edge
and the long axis of the file)

This design feature reduces
the tendency of the file to get
sucked into the canal.

Pitch (distance between the
cutting edges)

Variable pitch also reduces
the tendency of the file to get
sucked into the canal.

Table 2: Basic guidelines for rotary instruments
Case selection
Hand movement
Torque
Speed
(manufacturer
recommendations
should be taken
into account)

Do
Gradually curved
canals
Pecking
(in-out motion)
Low
Low (~250 rmp)

Do not
Acute coronal
curves
Force the file
apically
Uniformly low or
always high
High (> 350 rmp)

on the shank of the instrument and is easier to remove.
But due to the short cutting head, the instruments tend
to produce a round parallel shape. Therefore, numerous
instruments have to be used for the canal preparation in
a step-back manner.8 Since 2005, Light Speed LSX, have
been introduced where the number of files have been
reduced to 12 with no half sizes available in between.
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ProFile (Dentsply Maillefer, Switzerland)
This was one of the first NiTi instrument system intro
duced in 1996. The instruments have a U-shaped designed
cross section with radial lands that centers the instrument
in the canal and provides space for debris accumulation.
The files have a blunt non-cutting tip to minimize ledging
and perforation. They have a negative rake angle and
should be used in a high torque hand piece with a speed
of 150 to 300 rpm.
Currently, there are four types of ProFile instruments:
ProFile Orifice shaper, ProFile 0.06, ProFile 0.04 and
ProFile 0.02. The instruments are used in a crown down
technique and three different preparation sequences are
selected according to the width of the root canal. Each file
should not be used for more than 5 to 10 seconds, using a
gentle in-and-out motion. The Orifice shaper consists of
6 instruments (sizes 20-60 with an increment of 10 and
size 80), ProFile 0.06 consists of 6 instruments (sizes
15-40 with an increment of 5), ProFile 0.04 has a set of 9
instruments (sizes 15-45 with an increment of 5, size 60
and size 90) and the ProFile 0.02 has a set of 6 instruments
(sizes 15-45 with an increment of 5). The latest system,
the ProFile Vortex, incorporates a more actively cutting
triangular cross section along with a more fatigueresistant alloy.

Greater Taper and GTX Rotary System
(Dentsply Maillefer)
The greater taper (GT) rotary system was introduced
in 1994. The instrument was designed with a tip
size corresponding to a size 20 ISO instrument. The
instruments have a blunt noncutting tip to reduce the
risk of apical transportation, uniformly spaced U-shaped
flutes to lift debris coronally, varied pitch and sharpness
along the flutes to reduce the potential for threading into
the canal, radial lands and a neutral rake angle.9 They are
used in a high torque low speed hand piece at 150 to 300
rpm. The new GT system available since 2001 consists of
three different instrument sequences: GT20, GT30 and
GT40 according to the ISO size and with varying taper
(10, 8, 6 and 4%). Greater taper  accessory files are used
for coronal flaring having a taper of 12% and available
in sizes 35, 50 and 70. The instruments are selected
according to the requirement of the canal anatomy: GT20
are used for small canals, GT30 for medium canals and
GT40 for large canals. They are used in a crown down
manner in a larger taper to smaller taper sequence. The
handle is short at 13 mm.
All these design characteristics are still present in the
current invention, the ProFile GTX instrument. The main
differences are use of M-Wire for GTX, slight changes
in the longitudinal design, and a different approach to
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Table 3: Summary of the described NiTi systems
System
Light speed

Cross-sectional design

Features
Produces a tapered shape.
Thin, flexible noncutting
shaft and short cutting head.
Available in lengths of 21, 25
Triple-U shape with radial lands and 31 mm

Profile

Triple-U shape with radial
lands. Neutral rake angle
planes dentin walls

Fixed tapers of 2, 4 and 6%.
Twenty degree helix angle and
a constant pitch. Available in
lengths Orifice shapers—
19 mm
ProFile 0.06, 0.04 and 0.02 to
21 mm, 25 mm and sometimes
31 mm

Sequence
ISO 20-100

Narrow canal
Orifice shaper: Size 40
followed by size 30, taper of 0.06
Size 25 (ProFile 0.06)
Size 20 (ProFile 0.06)
Size 25 (ProFile 0.04)
Size 20 (ProFile 0.04) (WL)
Size 25 (ProFile 0.04) (WL)
Medium canal
Orifice shaper: Size 50
followed by size 40 (taper of 0.07
and 0.06 respectively)
Size 30 (ProFile 0.06)
Size 25 (ProFile 0.06)
Size 30 (ProFile 0.04)
Size 25 (ProFile 0.04) (WL)
Size 30 (ProFile 0.06) (WL)
Large canal
Orifice shaper: size 60 followed by
size 50 (taper of 0.08 and 0.07
respectively)
Size 35 (ProFile 0.06)
Size 30 (ProFile 0.06)
Size 35 (ProFile 0.04)
Size 30 (ProFile 0.04) (WL)
Size 35 (ProFile 0.04) (WL)

GT rotary

Triple-U shape with radial
lands

Fixed tapers of 4, 6, 8, 10,
and 12%. Files have a short
cutting portion and a variable
pitch.
Available in variable lengths of
18, 21 and 25 mm

GT 20
Size 20 (taper of 0.10)
Size 20 (taper of 0.08)
Size 20 (taper of 0.06)
Size 20 (taper of 0.04) (WL)
GT 30
Size 30 (variable tapers of 0.10,
0.08, 0.06 and 0.04 respectively)
Size 40 rotary (large canals)
Size 40 (variable tapers of 0.10,
0.08, 0.06 and 0.04 respectively)
Accessory files
Size 50 (taper of 0.12)
Size 70 (taper of 0.12)
Size 20 (taper of 0.06)
Size 20 (taper of 0.04) (WL)

ProTaper

Convex triangular shape,
sharp cutting edges, no
radial lands. F3, F4, F5 files
have U-flutes for increased
flexibility

Variable taper along the length
of each instrument. Pitch
and helix angle balanced to
prevent instruments screwing
into the canal 19, 21 and
25 mm are the available
lengths

Shaping files
S1 size 17 (taper 0.02-0.11)
SX size 19 (taper 0.03-0.19)
S1 size 17 (taper 0.02-0.11) (WL)
S2 size 20 (taper 0.04-0.11) (WL)
Finishing files
F1 size 20 (taper 0.07) (WL)
F2 size 25 (taper 0.08) (WL)
F3 size 30 (taper 0.07) (WL)
Contd...
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Contd...
Hero 642

Triangular shape with
positive rake angle for cutting
efficiency. No radial lands

Fixed taper of 2, 4 and 6%.
Variable pitch. Files have a
short cutting portion
(12-16 mm).
Available in lengths of
21 and 25 mm.

Yellow (difficult canals)
Size 20 (tapers of 0.06, 0.04 and
0.02 respectively)
Size 25 (tapers of 0.04 and 0.02
respectively)
Size 30 (taper of 0.02)
Red (medium to average difficulty)
Size 25 (tapers of 0.06, 0.04 and
0.02 respectively)
Size 30 (taper of 0.04)
Size 25 (taper of 0.02)
Blue (easy canals)
Size 30 (taper of 0.06, 0.04 and
0.02 respectively)

RaCe

Triangular shape, two
alternating cutting edges,
no radial lands

Fixed taper of 2, 4, 6, 8 and
10%.
Available in lengths of 19 and
25 mm

RaCe Xtreme
Size 40 (taper 0.10)
Size 35 (taper 0.08)
Size 15 (taper 0.02) (WL)
Size 20 (taper 0.02) (WL)
Size 25 (taper 0.02) (WL)
RaCe
Size 40 (taper 0.10)
Size 35 (taper 0.08)
Size 25 (taper 0.06)
Size 25 (taper 0.04)
Size 25 (taper 0.02) (WL)

K3

Fixed taper of 2, 4 and 6%.
Variable pitch and variable
core diameter.
Available in lengths of
Positive rake angle for cutting 21, 25 and 30 mm
efficiency, three radial lands

G Pack
Size 25 (taper 0.12)
Size 25 (taper 0.10)
Size 25 (taper 0.08)
Size 25 (taper 0.06)
Size 25 (taper 0.04)
Size 25 (taper 0.02)
VTVT pack
Size 25 (taper 0.10)
Size 25 (taper 0.08)
Size 35 (taper 0.06)
Size 30 (taper 0.04)
Size 25 (taper 0.06)
Size 20 (taper 0.04)

Mtwo

S-shape design with two
cutting edges, no radial
lands. Minimum core width to
improve flexibility.

Fixed taper of 4, 5, 6 and 7%.
Variable pitch. Steep
helical angle designed to
reduce screw-in effect.
Available in lengths of
25 and 30 mm.

Size 10 (taper 0.04) (WL)
Size 15 (taper 0.05) (WL)
Size 20 (taper 0.06) (WL)
Size 25 (taper 0.06) (WL)
Size 30 (taper 0.05) (WL)
Size 35 (taper 0.04) (WL)
Size 40 (taper 0.04) (WL)

WL: Working length; ISO: International Organization for Standardization

instrument usage, emphasizing the use of the size 20
with a taper of 0.06. The GTX instrument set consists of
ISO sizes 20, 30, and 40, in tapers ranging from 4 to 10%.
The recommended rotational speed for GTX files is 300
rpm, and the instrument is be used with minimal apical
force and a slight pecking action.

ProTaper (Dentsply Maillefer)
ProTaper files, introduced in 2000, are used to instrument
difficult, highly calcified, and severely curved root canals.
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The progressive taper and advanced flute design provides
the flexibility and efficiency to achieve consistent,
successful cleaning and shaping. A unique feature of
the ProTaper instrument is the convex triangular crosssection which reduces the contact area between the file
and dentin. These instruments also have a partially active
tip which cuts as it moves apically10 and are used in a
high torque handpiece at 150 to 300 rpm. Compared with
other instrument, the shaft is shorter to facilitate access
to posterior teeth.
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The ProTaper instruments consist of 6 files (three shaping and three finishing files).28 The shaping files are used
for coronal preflaring following a crown down technique.
The Auxillary Shaper (SX) or Shaping X file (ISO size 19)
is primarily used to shape canals in shorter roots, relocate
canals away from external root concavities, and to produce
more shape, as desired, in the coronal aspects of canals in
longer roots. They have a progressive taper from 3 to 19%.
The shaping 1 (S-1, ISO size 17), and shaping 2 (S-2, ISO size
20) files have increasingly larger tapers over the length of
their cutting blades ranging from 2 to 11% and from 4 to
11.5% respectively. Shaping 1 is designed to prepare the
coronal one-third of a canal, whereas S-2 enlarges and
prepares the middle one-third. The finishing files, or F1,
F2 and F3 instruments (ISO size 20, 25 and 30 respectively),
have decreasing taper with FI, 7 to 5.5%; F2, 8 to 5.5%; F3,
9 to 5%. These instruments finish the apical one-third,
while progressively and subtly expanding the shape in the
middle one-third of the canal. The convex lateral surface
of F3 is eroded to increase its flexibility. Generally, only
one finishing instrument is required to prepare the apical
one-third of a canal and the one selected is based on the
canal’s curvature. In 2006, the ProTaper Universal was
introduced by adding two new finishing files, F4 (ISO size
40) and F5 (ISO size 50) for apical preparation.

Hero 642 (High Elasticity in Rotation)
(Micro-Mega, Besançon, France)
Hero 642 is one of the first 2nd generation instruments
that incorporated a positive rake angle into its design to
improve the cutting efficiency. The numbers 642 represent
the varying tapers of 6, 4, and 2%. Hero files have a
non-cutting tip, no radial lands and a triple helix cross
section.27 They work in a crown down technique and are
divided into three preparation sequence according to the
canal curvature. They are used in a low torque handpiece
at speed of 300 to 600 rpm with minimal axial force. The
Hero 642 instrument set consists of 12 files with varying
ISO sizes (with a size increment of 5), tapers and lengths.
Sizes 20, 25 and 30 are available in tapers of 2, 4 and 6%,
while sizes 35, 40 and 45 are available in tapers of 2% only.
In the newer version, the Hero Shaper system, the
instruments are better designed with variable pitch to
allow more effective removal of debris. This improves
instrument binding and reduces fracture of the instru
ment. The preparation sequence is also changed in that
the number of files varies between two, three and four
instruments with a taper of 4 and 6% respectively.

RaCe (Rotary with Alternating Cutting Edges)
(FKG Dentaire, La Chaux-de-Fonds, Switzerland)
This system was introduced in 1999. The instrument has
a triangular (0.04 and 0.06) or square (0.02) cross-section
World Journal of Dentistry, April-June 2015;6(2):97-103

with a large debris space. The cutting edges have twisted
areas alternating with straight segments to avoid the
screwing effect.26 The RaCe files are electrochemically
polished to improve resistance to corrosion and fatigue.
RaCe files are available in ISO sizes 15 to 60 (with an
increment of 5) with varying tapers of 0.02, 0.04, 0.06,
0.08 and 0.010.
Two different instruments sets are currently marketed:
the Easy RaCe system which is primarily indicated for the
treatment of simple and medium canals and the Xtreme
RaCe system for the enlargement of difficult and curved
canals. The Easy RaCe files may either be used in a crown
down manner or in a step back technique. The Xtreme
RaCe files can only be used in a step back manner. Each
instrument set consists of five files which includes two
highly tapered PreRaCe for coronal flaring and three less
tapered for apical finishing. The recent introduction is
the new BT RaCe system which is a combination of the
previous two systems.

K3 (SybronEndo, USA)
K3 is a 3rd generation, triple fluted, asymmetrical11-13
endodontic file system designed to cut quickly, efficiently
and safely, with good debris removal. It comes from a
line of instruments designed by Dr McSpadden—the
Quantec 2000, the Quantec LC, Quantec LX and finally
the K3 instrument. The advantages of this file over others
are positive rake angle (increases the cutting efficiency),
variable helical flute angle (to facilitate effective debris
removal out of the root canal), wide radial land (to keep
the instrument centered in the canal), variable core
diameter, and a flattened noncutting tip.14 The K3 instru
ment system has a total of 27 instruments. The files are
available in different treatment sequences, each sequence
including six files in sizes 15 to 60 with variable tapers of
0.02, 0.04 and 0.06. Additionally, the system also consists
of two orifice openers with tapers of 0.08 and 0.010 for
coronal flaring. The files are used in a high torque low
speed handpiece with a speed of 300 to 350 rpm. They
are used in a crown down manner with a gentle in-out
motion. Each instrument should not be used for more
than 6 seconds.
Nickel-titanium instruments stay centered within
the canal space as compared to the stainless steel instru
ments. They preserve the original shape of the curved
canals, and thus reduce the risk of perforation but the
increase in flexibility and elasticity is at the cost of
decreased cutting efficiency.15 Current studies show that
these instruments can be used safely in up to a maximum
of 10 canals,16 however, a single use in a very difficult
canal should warrant disposal of the file. In addition,
coronal pre flaring makes instrumentation easier and
increases the efficiency of electronic apex locators.17-19
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Nickel-titanium rotary system is the use of the crown
down technique which effectively removes debris and
pulpal remnants out of the canal rather than pushing
them into the apex.20-24 The newer ProTaper instruments
are marketed with an increase in cutting efficiency, but
also an increase in deformation rate.28 At the same time,
cutting tips produce a greater amount of canal trans
portation, and other aberrations, such as zips, elbows,
and ledges.29

Mtwo (VDW, Munich, Germany)
These instruments have been on the market since 2005.
The files are characterized by an S-shaped crosssectional design with a noncutting safety tip, and a posi
tive rake angle with two cutting edges (to cut dentine
more effectively).25 The files come with a shaft length of
11 mm to facilitate easier access to the posterior teeth.
Furthermore, the files have an increasing or progressive
pitch from the tip to the shaft to eliminate binding in
continuous rotation and a reduced or regressive taper to
enlarge the apical third without unnecessary weakening
of the tooth structure. This also helps in the reduction
of transportation of debris towards the apex. The Mtwo
system consists of eight files with variable tapers ranging
from 0.04 to 0.07 and sizes from ISO 10 to 40. The kit also
consists of retreatment files of ISO 15 and 25.

EndoSequence (FKG, Switzerland)
The overall design of the files is quite similar to many
other files including the available tapers and crosssections. The difference lies in the unique longitudinal
design called alternating wall contact points (ACP)
which reduces torque requirements and keeps the file
centered in the canal. Another characteristic feature of the
EndoSequence is an electrochemical treatment (electropolishing) after manufacturing, similar to RaCe files, that
results in a smooth polished surface. This is believed to
promote better fatigue resistance. A rotational speed of
600 rpm is recommended. This instrument comes in the
conventional length of the cutting flutes, 16 mm, and to
larger tapers (0.04 and 0.06) to be used in a crown-down
approach.

Twisted File (SybronEndo)
These were the first fluted NiTi file manufactured by
plastic deformation, similar to the twisting process that is
used to produce stainless steel K-files in 2008. A thermal
process allows twisting during a phase transformation
into the so-called R-phase of NiTi. Thus, twisted files
optimize the strength and flexibility of NiTi, creating
a highly durable and flexible file. The cutting flutes are
created by twisting the files, thus eliminating the micro
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fractures for greater strength. The file is marketed with
a tip size of no. 25 in taper 0.04 up to 0.12. However,
instruments with tip sizes no. 30, 35, and 40 were recently
added.
The newer ProTaper instruments are marketed with
an increase in cutting efficiency, but also an increase
in deformation rate.28 At the same time, cutting tips
produce a greater amount of canal transportation, and
other aberrations, such as zips, elbows and ledges. 29 A
significant risk with the use of NiTi rotary instruments
is instrument separation. When the instruments are
stressed over time, the crystalline structure can change
or deform making the files weaker and more prone to
reaching their elastic limit.30 If this happens, then the
instrument undergoes plastic deformation and if the
stress is not relieved, instrument failure will result.

Conclusion
The use of NiTi rotaries does lead to a reduced incidence
of gross preparation errors and improved clinical
outcomes. It is dependent upon the practitioner to deter
mine which system best fits their needs and their level
of expertise.

REFERENCES
1. Walia HM, Brantley WA, Gerstein H. An initial investigation
of the bending and torsional properties of Nitinol root canal
files. J Endod 1988;14:346-351.
2. Kazemi RB, Stenman E, Spangberg LS. A comparison of
stainless steel and nickel-titanium H-type instruments of
identical design: torsional and bending tests. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2000;90:500-506.
3. Esposito PT, Cunningham CJ. A comparison of canal prepa
ration with nickel-titanium and stainless steel instruments. J
Endod 1995;21(4):173-176.
4. Zmener O, Balbachan L. Effectiveness of nickel-titanium files
for preparing curved root canals. Endod Dent Traumatol 1995;
11(3):121-123.
5. Gambarini G. Rationale for the use of low-torque endodontic
motors in root canal instrumentation. Endod Dent Traumatol
2000;16(3):95-100.
6. Wildey Wl, Senia ES. A new root canal instrument and instru
mentation technique: a preliminary report. Oral Surg Oral
Med Oral Pathol 1989;67:198-207.
7. Thompson SA, Dummer PM. Shaping ability of lightspeed
rotary nickel-titanium instruments in stimulated root canals:
Part 1. J Endod 1997;23:698-702.
8. Tulsa Dental. Online information available at http://www.
tulsadental.com/PDFs/ProSystem_GT_brochure_BR108_303C.pdf (accessed June 2013).
9. Tulsa Dental. Online information available at http://store.
tulsadental.com/catalog/protaper_main.htm (Accessed July 2013).
10. Bergmans L, van Cleynenbreugel J, Wevers M, Lambrechts
P. Mechanical root canal preparation with NiTi rotary
instruments: rationale, performance and safety. Status report
for the American Journal of Dentistry. Am J Dent 2001;14:
324-333.

WJD
Clinical Update on Nickel-Titanium Rotary Instruments
11. Schilder H. Cleaning and shaping the root canal. Dent Clin
North Am 1974;18:269-296.
12. Thompson SA. An overview of nickel-titanium alloys used
in dentistry. Int Endod J 2000;33:297-310.
13. Sybron Endo. Online information available at http://www.
k3endo.com/index.htm (accessed July 2013).
14. Peters OA. Current developments in rotary root canal instru
ment technology and clinical use: a review. Quintessence Int
2010;41:479-488.
15. Peters OA, Barbakow F. Dynamic torque and apical forces of
ProFile0.04 rotary instruments during preparation of curved
canals. Int Endod J 2002;35(4):379-389.
16. Swindle RB, Neaverth EJ, Pantera EA Jr, Ringle RD. Effect of
coronal-radicular flaring on apical transportation. J Endod
1991;17(4):147-149.
17. Ibarrola JL, Chapman BL, Howard JH, Knowles KI, Ludlow
MO. Effect of preflaring on Root ZX apex locators. J Endod
1999;25(9):625-626.
18. Morgan LF, Montgomery S. An evaluation of the crown-down
pressureless technique. J Endod 1984;10(10):491-498.
19. Thompson SA, Dummer PM. Shaping ability of Quantec
Series 2000 rotary nickel-titanium instruments in simulated
root canals: Part 2. Int Endod J 1998;31:268(4)-274.
20. Thompson SA, Dummer PM. Shaping ability of Quantec
Series 2000 rotary nickel-titanium instruments in simulated
root canals: Part 1. Int Endod J 1998;31(4):259-267.
21. Kosa D, Marshall G, Baumgartner J. An analysis of canal
centering using mechanical instrumentation techniques. J
Endod 1999;25:441-445.

World Journal of Dentistry, April-June 2015;6(2):97-103

22. Vaudt J, Bitter K, Kielbassa AM. Evaluation of rotary root canal
instruments in vitro: a review. Endo 2007;1(3):189-203.
23. Crumpton BJ, McClanahan S. Endodontic rotary nickeltitanium instrument systems. Clinical Update 2003;25(8):15-17.
24. Schirrmeister JF, Strohl C, Altenburger MJ, Wrbas KT, Hellwig
E. Shaping ability and safety of five different rotary nickeltitanium instruments compared with stainless steel hand
instrumentation in simulated root canals. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2006;101:807-813.
25. Schafer E, Erler M, Dammaschke T. Comparative study on
the shaping ability and cleaning efficiency of rotary Mtwo
instruments: Part 1. Shaping ability in simulated curved
canals. Int Endod J 2006;39:196-202.
26. Schafer E, Vlasis M. Comaprative investigation of two rotary
nickel-titanium instruments: ProTaper versus RaCe. Part 1.
Shaping ability in simulated curved canals. Int Endod J 2004;
37:229-238.
27. Hulsman M, Gressman G, Schafers F. A comparative study
of root canal preparation using Flex Master and HERO 642
rotary Ni-Ti instruments. Int Endod J 2003;36:358-366.
28. Iqbal MK, Firic S, Tulcan J, Karabucak B, Kim S. Comparison
of apical transportation between ProFile and ProTaper NiTi
rotary instruments. Int Endod J 2004;37:359-364.
29. Ayar LR, Love RM. Shaping ability of ProFile and K3 rotary
NiTi instruments when used in a variable tip sequence in
simulated root canals. Int Endod J 2004;37:593-601.
30. Park H. A comparison of Greater Taper files, ProFiles, and
stainless steel files to shape curved root canals. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2001;91:715-718.

103

