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Educational Objectives
Upon completion of this course, the clinician will be able 
to do the following:
1.	 Be knowledgeable about the factors involved in success-

ful endodontic therapy.
2.	 Understand the types of instrumentation methods and 

their attributes for canal shaping and cleaning. 
3.	 Know the factors involved in safely performing 

endodontic therapy and how to minimize file 
fracture occurrence.

4.	 Know the methods of manufacturing rotary nickel 
titanium files and understand the resulting physical 
differences.

Abstract
Endodontic treatment has evolved greatly over the last 
two decades and has a high success rate when performed 
apropriately. The goal of endodontic treatment is the three 
dimensional cleansing, shaping, and obturation of the canal 
space from the canal orifice to the minor constriction of the 
apical foramen. It is generally considered that the single most 
important success factor in endodontic treatment is root canal 
preparation — the cleansing and shaping of the root canals 
prior to obturation. The mechanical shaping of root canal sys-
tems has been accomplished with a wide variety of methods 
and instruments. Canal instrumentation by hand was the first 
technique to be implemented and is still used today. Rotary 
nickel titanium (RNT) files became commercially available 
in the early 1990s for canal enlargement, and today RNT 
methods predominate in the developed world and among 
specialists. The use of RNT has enabled more centered canal 
preparations and fewer canal aberrations during preparation 
compared to previous techniques, and is efficient, systematic 
and safe when used appropriately. Depending on the design 
of RNT files, they can be more or less efficient and more or 
less resistant to breakage. File fracture can be the result of the 
properties of the alloy itself, and/or the clinician’s technique. 
RNT files are available as traditional ground nickel titanium 
files and as twisted files (TF). TF are the first RNT that can 
be efficiently and safely used as a single file technique, and 
offer different physical properties to traditional ground RNT. 
Regardless of the method and technique selected, the clini-
cian must use an appropriate technique and great care when 
performing endodontic procedures.

Introduction
Endodontic treatment has evolved greatly over the last 
two decades with the introduction of new canal prepara-
tion systems, irrigation methods, obturation materials, 
and visualization aids such as dental microscopes. The 
ultimate goal is long-term retention of the tooth restored 
with a competent coronal seal and final restoration, 
with resolution of any infection and complete healing of 
periapical tissues (if these presented with pathological 

findings). Endodontic treatment has a high success rate 
when performed appropriately. The success rate has been 
found to be 91%–98% in separate studies on teeth with no 
periapical periodontitis at the time of endodontic therapy, 
and 74%–86% if apical periodontitis was present.1,2,3 It is 
generally considered that the single most important suc-
cess factor in endodontic treatment is root canal prepara-
tion — the cleansing and shaping of root canals prior to 
obturation. Sjogren et al. found that properly prepared 
teeth that were free of bacteria prior to obturation had a 
five-year success rate of 94% compared to 68% for teeth 
that remained contaminated.4 

Figure 1. Endodontically-treated tooth with good obturation  
and seals

Figure 2. Poor obturation 

Goals of endodontic cleansing and shaping 
The goal of endodontic treatment is the three-dimensional 
cleansing, shaping, and obturation of the canal space from the 
canal orifice to the minor constriction of the apical foramen.5,6 
In the most general terms, the instruments that shape the ca-
nal provide a gross debridement. Irrigants flow into the spaces 
cleared by instruments and provide asepsis to the greatest 
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degree possible before obturation. Irrigants mechanically 
flush the area, dissolve residual tissue, and eliminate (kill) 
bacteria. Thorough irrigation using an effective irrigant is es-
sential in reducing and eliminating bacterial contamination. 
Agents used for irrigation have included sodium hypochlorite 
(NaOCl), chlorhexidine gluconate, iodine potassium iodide, 
EDTA, and hydrogen peroxide. NaOCl is an effective mi-
crobicidal and effectively dissolves residual tissue, depending 
on the study, a 5% concentration has been found to be more 
effective than lower concentrations.7 Care must be taken and 
an appropriate irrigation technique used to avoid extrusion of 
NaOCl through the apex to the periapical tissue and to avoid 
sodium hypochlorite accidents. EDTA has been found to 
effectively remove the smear layer.8 However, studies have 
found that EDTA and NaOCl are ineffective in eliminating 
E. faecalis from root canals.9 Chlorhexidine gluconate is an 
effective irrigant capable of killing and eliminating highly 
pathogenic intra-canal microbes (E. faecalis, A. israelii)10 and 
is biocompatible, but it does not have the tissue dissolution ca-
pabilities of NaOCl. Ultrasonic activation has also been used 
for canal debridement. It has been found to increase dentin 
permeability regardless of which irrigant was used with it11 
and has also been found to result in increased residual antimi-
crobial activity.12 At this time, there is no universally agreed 
upon or scientifically proven irrigation and instrumentation 
regimen that provides a predictably bacteria-free canal after 
endodontic canal preparation.13,14 

The effectiveness of irrigation and the resulting canal 
cleanliness (and ultimately clinical success) are dependent 
primarily on the following factors: 

1. �The quality of the canal preparation. Clinical success 
is improved by a preparation that maintains the canal 
in its original position, maintains the minor constric-
tion of the apical foramen at its original position and 
size, has a narrowing cross-sectional diameter of an 
appropriate taper, and facilitates efficient irrigation 
for canal cleanliness and optimal hydraulic forces 
during obturation. 

2. �The quality of microbial control. Irrigation is op-
timized by using the correct solution for the type 
of tissue in the canal (necrotic or vital), the correct 
volume, the correct concentration, the frequency 
of the exchange, heating, and activation (sonic and 
ultrasonic), among other factors. 

3. �The quality of the coronal seal. Endodontic treatment 
that is followed by an excellent coronal seal prevents 
the apical migration of bacteria after treatment that 
would predictably occur if the obturation were not 
protected.15,16,17,18,19,20 

Mechanical cleaning and shaping of canals
The mechanical shaping of root canal systems has been 
accomplished with a wide variety of methods and instru-
ments (Figure 3). These techniques have included:

1. �Stainless steel hand files, reamers, Hedstrom files, 
and broaches

2. �Reciprocating use of stainless steel hand files, ream-
ers, Hedstrom files, as well as other canal instruments 
(using a handpiece attachment that reciprocates a 
hand file 30 degree clockwise and 30 degrees coun-
terclockwise)

3. �Sonic and ultrasonic methods for canal enlargement 
and activation of irrigation

4. �Gates Glidden drills and Peezo Reamers (especially 
for coronal enlargement)

5. �Rotary driven stainless steel instruments
6. �Rotary nickel titanium (RNT) files 

Figure 3. Instrumentation methods

	

Canal instrumentation by hand was the first technique to 
be implemented and is still used today. Clinicians may favor 
this technique as a result of having learned this technique first, 
perceiving more tactile sensation and more accurate prepara-
tion, a negative experience with RNT files (file breakage), or 
for other reasons. A recent study found that rotary files created 
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a better preparation than hand instrumentation.21 An ex vivo 
study investigating six manufacturers’ RNT files as well as 
hand files found that RNT instrumentation was more efficient, 
maintained the canal curvature, and resulted in fewer instru-
ment fractures than hand instrumentation.22 An assessment of 
tooth fractures following the use of one of two types of RNT 
files (Lightspeed, Discus Dental; Greater Taper, Maillefer-
Dentsply) and stainless steel hand files found no statistically 
significant differences in tooth fractures, although there was 
greater apical enlargement (Lightspeed) and increased canal 
taper (Greater Taper) with RNT instrumentation.23 In com-
paring reciprocating hand files (AET) with RNT (ProTaper, 
Dentsply Tulsa Dental), Grande et al. found that the recipro-
cating files removed more tooth structure in the coronal and 
middle third of the canals but there was no difference in tooth 
structure removal in the apical third.24 A recent study sug-
gested a Crown Down technique with AET preparation of the 
coronal and middle thirds, followed by hand instrumentation 
to prepare the apical third of the canal.25 With respect to sonic 
and ultrasonic root canal preparation used alone for standard 
(orthograde) endodontic therapy, a review by Sequeira et al. 
found insufficient evidence for its effectiveness.26 The intro-
duction of rotary canal instruments significantly changed 
endodontics, offering an efficient and systematic method of 
instrumentation. The first rotary instruments to be introduced 
were manufactured from stainless steel, followed by nickel 
titanium instruments. Many clinicians prefer RNT files over 
stainless steel files, in part due to the greater flexibility of nickel 
titanium and its resistance to stress.27

Introduction to the use of nickel titanium in 
endodontic canal preparation (canal cleans-
ing and shaping) 
Rotary nickel titanium (RNT) files became commercially 
available in the early 1990s for canal enlargement, and 
today RNT methods predominate, having the following 
primary benefits: 

1. Predictability of the final canal shape
2. �Relative ease, efficiency, and safety in creating these 

shapes, especially in relation to the other methods 
available today and those used historically28,29,30 

The use of RNT has enabled more centered canal 
preparations and fewer canal aberrations during prepara-
tion compared to previous techniques, and RNT is gener-
ally used in a Crown Down technique.31 Using the Crown 
Down technique, regardless of manufacturer, the sequence 
of instrumentation is based on starting with larger files and 
using progressively smaller files. 

Review of present systems available with 
regard to design features and clinical use 
RNT systems available today are quite diverse, both in 
their design configurations and suggested tactile uses. 

Now, there is no literature-based superiority of any given 
system relative to any other.32,33,34,35,36,37,38,39,40,41,42,43 Choos-
ing one system over another is primarily empirical and 
dependent on clinician preference and the system on which 
the clinician was trained. RNT file designs differ based on 
the following, among many different features:

1. �Cross-sectional design (symmetry or asymmetry, the 
presence of a positive or negative rake angle and/
or cutting angle, triangular and U shaped designs 
among others, etc.)

2. �Variability of the helical angle (flute width, flute 
depth, number of flutes along the working length of 
the file)

3. �File tip (cutting, non cutting, or partially active)
4. �Taper of the file system, (no taper, variable taper, 

fixed taper)
5. �The presence or absence of radial lands and whether 

the radial lands are relieved 

Concerns with regard to RNT methods primarily 
include file breakage, possible canal transportation, and 
cost. File separation and fracture, if it occurs, can occur 
suddenly, and possibly both without warning and without 
previous deformation of the file (Figure 4). 

Figure 4. File fracture

Depending on the design of RNT files, they can be 
more or less efficient and more or less resistant to breakage. 
File fracture is more likely to occur in files that have been 
used multiple times.44 A recent large cohort study on one 
RNT file (ProTaper) found a separation incidence of 2.4% 
and found that the files could be used at least four times 
safely, with the size of the file influencing the number of 
uses.45 File fracture can be the result of the properties of 
the alloy itself, and/or the clinician’s technique. It has also 
been found that using a lateral brushing or pressing mo-
tion helps reduce the fatigue life of larger files.46 RNT files 
resistant to breakage may not have cut as easily as their ef-
ficient counterparts. Efficient files cut very well, however 
there can be a clinical perception that they cut well yet strip 
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perforation, and apical transportation and the potential for 
breakage are concerns. 

RNT safety and efficiency are collectively determined 
by the design of the file, the manner in which the file is used, 
and the method of manufacturing. All existing RNT files 
on the global market at this time are ground from nickel 
titanium wire, with the exception of Lightspeed LSX (Dis-
cus Dental, Culver City, CA, USA). An additional differ-
ence with Lightspeed LSX is that while other systems use 
tapered files, the Lightspeed uses a design that although 
similar to a Gates-Glidden file is different. A newly intro-
duced Twisted File (TF) (SybronEndo, Orange, CA, USA) 
is manufactured by twisting the nickel titanium instead of 
grinding it, resulting in different properties. 

Methods of rotary nickel titanium  
endodontic instrument manufacture 

Grinding
Nickel titanium is a shape memory alloy that is superelas-
tic47,48 and when stressed during canal enlargement under-
goes a molecular phase transformation. In its resting state 
(in the form of a nickel titanium file) it has an austenite 
crystalline structure. When stressed during function, it 
undergoes a transformation to the martensite crystalline 
structure that can absorb a higher force than non-shape 
memory alloys, and will return to its original shape. The 
transformation between the two phases has also been 
found to vary with RNT from different manufacturers.
The absorption of greater force allows the RNT file to both 
negotiate curvatures and cut dentin at the same time safely 
and efficiently, as long as the elastic limit of the metal is 
not exceeded. If excessive force or deformation occurs 
during use, files can exceed their elastic and plastic limits. 
The elastic limit of the metal is the maximum amount of 
deformation that a file can withstand and yet still return 
to its original shape. Beyond the elastic limit, the file will 
eventually reach its plastic limit, and break. 

Fracture is a result of either excessive torsional forces 
or flexural failure (cyclic fatigue failure). Torsional fracture 
resistance is a function of rotational speed, cutting efficiency 
of the file, degree of flute engagement against the dentin 
walls, how much friction the file encounters as it rotates, 
and the ease of channeling debris out of the canal inherent 
in the file design and tactile use. Flexural failure is a result 
of the tension experienced on one side of an RNT file and 
the compression experienced on the other side as the file 
rotates in the canal. It is important that the clinician use an 
appropriate technique when using the files.49 Both flexural 
failure and torsional failure can occur along microcracks that 
act as focus points and that are the result of the grinding of 
nickel titanium. It is a combination of these two modes of 
failure results in RNT separation and file fracture. Focus 
points that concentrate stress also occur as a result of acute 

changes in file design and geometry. Additionally, Cheung 
and Darvall recently found that the cross-sectional shape of 
RNT does not influence low cyclic fatigue.50

Various surface finishes, such as electropolishing, have 
been introduced to minimize the effects of microcracks. 
Electropolishing mitigates the effects of grinding and reduc-
es surface defects such as microcracks, grooves, and metal 
rollover, while simultaneously dulling the cutting edges. 
Recent studies have found that electropolishing improves 
resistance to cyclic fatigue and torsional loading, which will 
increase resistance to fracture.51, 52 Large diameter files resist 
torsion better than smaller diameter files, and small files re-
sist cyclic fatigue better than larger diameter files.53,54 

Twisting
Manufacturing nickel titanium files by twisting results in 
a file formed from one piece of nickel titanium, i.e., the 
handle of the file is not a second piece of metal attached to 
the nickel titanium file shaft. The cutting flutes of twisted 
files (TF) are not created by grinding and the grain struc-
ture of nickel titanium is never cut across, maintaining its 
integrity. (Figures 5, 6)

Figure 5. Ground rotary nickel titanium file

Figure 6. Twisted rotary nickel titanium file (TF)



6	 www.ineedce.com

Twisted nickel titanium files are created by taking 
the raw nickel titanium wire in the austenite crystalline 
structure and transforming it into a different phase of 
crystalline structure (R-phase) by a process of heating and 
cooling. In R-phase, nickel titanium cannot be ground, 
but it can be twisted. Once twisted, the file is heated and 
cooled again to maintain its new shape and convert it back 
into the austenite crystalline structure which is superelas-
tic once stressed (and can be used in endodontic function). 
The file then receives a final chemical surface treatment 
of deoxidation that maintains the surface hardness of the 
metal without reducing the sharpness of cutting flutes 
or reducing the hardness of the metal. As a result of the 
twisting, the TF has a triangular cross section that makes 
it extremely flexible and has a variable helical angle, flute 
width, depth, and pitch.

Independent laboratory testing of twisted nickel tita-
nium files has found that55:

“the microstructure of the TF material is finer 
than the corresponding ones for the traditional 
manufacturing process.”

“…files from the new TF manufacturing 
method result in a significantly higher average 
hardness.” 

“TF final products absorb 500% respectively 
more bending energy than other samples.”

TF resisted torsional failure and absorbed the greatest 
amount of energy before fracture, with more than a 100% 
increase compared to ground file samples. TF samples 
were able to withstand about 60% more torque than the 
other samples. It was also found that the twisting manu-
facturing process significantly increased number of cycles 
to failure and bending energy to failure, compared to tra-
ditional methods.”56 It can be concluded from the results 
of in vitro testing that the twisted file (TF) may offer 
clinicians a safer means by which to clean and shape root  
canal systems. 

Clinical application
Clinically, TF use should be preceded by the use of 
hand files to manually preflare the canal to the minimal 
diameter of a #15 hand K file. TF is rotated at 500 rpm 
and used in the presence of copious irrigation, frequent 
recapitulation, a gentle and passive touch, and is inserted 
until resistance is felt and the file withdrawn. Engage-
ment of the file should be minimized. By the time the 
clinician feels tactile resistance and withdraws TF, on 
average 4 mm or more of canal wall will have been cut. 
If the clinician wishes to create a larger apical diameter 
then a 25 (the maximum available TF tip size), the clini-

cian may do so any way desired. TF can be used in many 
canals as a single file instrument that can create .08, .10, 
and .12 tapers into the apical third and do it safely and 
efficiently. For a single-file technique, if the correct taper 
is initially chosen, the clinician can usually reach the apex 
in 3 TF insertions; for a two-file technique, 6 individual 
TF placements into the canal are typically needed. If used 
as a two- or three-file technique, the Crown Down tech-
nique is used. Since TF is a fixed tip size instrument and 
only varies in its taper, achievement of continuous taper 
is simple if the clinician will build into the preparation 
design the concept that the initial TF file used at the ori-
fice can be taken to the apex of the root. In other words, if 
the clinician used a .10 TF as the initial file at the orifice, 
it generally can be taken to the apex, and if not, a .08 TF 
will almost certainly be able to reach the apex. For open, 
patent, straight, and large canals such as the palatal canal 
of upper molars, the .12 or .10 TF can often be taken to 
the working length (TWL) of the preparation as well as 
being the first file used in the canal. For more interme-
diate sized canals, including mildly curved and slightly 
shorter roots (bicuspids) the .10 or .08 TF can often be 
taken to the TWL of the preparation as well as being the 
first file used in the canal. For smaller and highly curved 
canals, the .08 or .06 TF can often be taken to the TWL 
of the preparation as well as being the first file used in 
the canal. As with other systems, care must be taken to 
select the appropriate size file to avoid excessive removal 
of dentin (as occurs if using files that are too large).

TF is recommended for use in a single tooth and to 
then be discarded. 

In my experience, having used TF extensively in all 
manner of clinical anatomy as a FT endodontist (Figures 
7–9), TF can provide flexibility and resist fracture due 
to cyclic fatigue and torsional failure and if used per the 
manufacturer’s recommendations, fracture of TF will be 
greatly reduced.

Figure 7. Clinical Cases treated with a single TF file (.10).
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Figure 8a. Clinical case treated with two TF files, used Crown Down 
(.12 and .10 TF). 

Figure 8b. Clinical case treated with two TF files, used Crown Down 
(.12 and .10 TF). 

Figure 9. Clinical case treated with three TF files used Crown Down 
(.12, .10 and .08 TF).

It should be noted that both RNT ground files and TF 
can be used with any currently available electric endodon-

tic motor. In addition, both types of files can be used to 
remove gutta-percha, pastes, and warm carrier-based de-
vices, but these uses will require higher rpm. Retreatment, 
regardless of the type of file used, is most often a specialist 
procedure—caution and clinical judgment are advised. 

Future developments may result in methods of 
manufacture for nickel titanium other than grinding and 
twisting, such as casting, electrical discharge machining 
(EDM), or forcing a cutting edge into a metal (as barbed 
broaches are now constructed). It is unclear at this time 
whether these methods could provide any advantages over 
current manufacturing.57 

Summary 
Endodontic treatment has evolved greatly over the last two 
decades with the introduction of new canal preparation 
systems, irrigation methods, and obturation materials. 
Canal preparation methods include hand files, rotary files, 
and sonic and ultrasonic instrumentation. RNT methods 
currently predominate, offering predictability of the final 
canal shape, relative ease of use, efficiency, and safety. RNT 
files are available as traditional ground nickel titanium files 
and as twisted files (TF). TF are the first RNT files that 
can be efficiently and safely used as a single file technique, 
and offer different physical properties than traditional 
ground RNT files. Regardless of the method selected, the 
clinician must use an appropriate technique and great care 
when performing endodontic procedures.
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Questions

1. The ultimate goal of endodontic 
therapy is long-term retention of 
the tooth restored with a competent 
coronal seal and final restoration, 
with resolution of any infection and 
complete healing of periapical tissues.
a.	 True
b.	 False

2. The success rate of endodontic 
therapy has been found to be 
_________ in separate studies on teeth 
with no periapical periodontitis at the 
time of treatment.
a.	 35%–45%
b.	 55%–67%
c.	 78%–87%
d.	 91%–98%

3. The instruments that shape the canal 
provide _________.
a.	 asepsis
b.	 a fine debridement
c.	 a gross debridement
d.	 all of the above

4. The cleansing and shaping of 
root canals prior to obturation is 
the least important component of 
endodontic therapy.
a.	 True
b.	 False

5. Irrigants used in endodontic  
therapy _________.
a.	 mechanically flush the area
b.	 dissolve residual tissue
c.	 eliminate (kill) bacteria
d.	 all of the above

6. There is no universally agreed upon 
or scientifically proven irrigation and 
instrumentation regimen.  
a.	 True
b.	 False

7. Sodium hypochlorite _________.
a.	 is an effective microbicide
b.	 effectively dissolves residual tissue
c.	 can be used without any concern for its extru-

sion through the apex
d.	 a and b

8. Canal instrumentation by hand was 
the first technique to be implemented 
and is still used today. 
a.	 True
b.	 False

9. The effectiveness of irrigation and 
the resulting canal cleanliness are 
dependent primarily on _________.
a.	 the quality of microbial control
b.	 the quality of the coronal seal
c.	 the quality of the canal preparation
d.	 all of the above

10. Grande et al. found that, com-
pared to RNT files, reciprocating 
files _________.
a.	 removed more tooth structure in the coronal 

third of the canals
b.	 removed more tooth structure in the middle 

third of the canals
c.	 removed more tooth structure in the apical 

third of the canals
d.	 a and b

11. Siqueira et al. found sufficient 
evidence for the effectiveness of sonic 
and ultrasonic root canal preparation.
a.	 True
b.	 False

12. The introduction of rotary canal 
instruments offers _________.
a.	 an efficient and systematic method  

of instrumentation
b.	 no benefits over hand instrumentation
c.	 limited benefits over ultrasonic instrumentation
d.	 a and c

13. Rotary nickel titanium (RNT) 
files became commercially avail-
able in _________.
a.	 the early 1980s
b.	 the late 1980s
c.	 the early 1990s
d.	 the late 1990s

14. Rotary files have been found to 
create a better preparation than does 
hand instrumentation.  
a.	 True
b.	 False

15. Predictability of the final canal shape 
is an advantage offered by rotary 
nickel titanium files.
a.	 True
b.	 False

16. RNT file designs differ based  
on _________.
a.	 cross-sectional design
b.	 variability of the helical angle
c.	 file tip and taper
d.	 all of the above

17. Concerns with regard to RNT 
methods include _________. 
a.	 file breakage
b.	 possible canal evulsion
c.	 finger rests
d.	 a and b

18. More centered canal preparations 
and fewer canal aberrations during 
preparation are obtained using 
hand instrumentation rather than 
RNT files.
a.	 True
b.	 False

19. File fracture can be the result  
of _________.
a.	 the properties of the alloy itself
b.	 the clinician’s technique
c.	 using the file too many times before 

discarding it
d.	 all of the above

20. The Lightspeed RNT file uses a 
design that is identical to a Gates-
Glidden file.
a.	 True
b.	 False

21. Nickel titanium is _________.
a.	 a shape memory alloy
b.	 superelastic
c.	 supermolecular
d.	 a and b

22. File fracture is more likely to 
occur in files that have been used 
multiple times. 
a.	 True
b.	 False

23. When stressed during canal enlarge-
ment, nickel titanium undergoes a 
molecular phase transformation. 
a.	 True
b.	 False

24. In its resting state (in the form 
of a file), nickel titanium has a(n) 
_________ crystalline structure; when 
stressed during function, it undergoes 
a transformation to the _________ 
crystalline structure. 
a.	 martensite, austenite
b.	 austenite, martensite
 c.	 martensite, helicosite
d.	 none of the above

25. Electropolishing of RNT  
files _______.
a.	 mitigates the effects of grinding
b.	 reduces surface defects such as microcracks
c.	 dulls the cutting edges
d.	 all of the above

26. Twisted nickel titanium files are 
created by taking the raw nickel 
titanium wire in the austenite crystal-
line structure and transforming it 
into a different phase of crystalline 
structure (R-phase), at which time it 
can be twisted.
a.	 True
b.	 False	  

27. Manufacturing nickel titanium files 
by twisting results in _________. 
a.	 a file formed from one piece of nickel titanium
b.	 a file that will not bend 
c.	 the grain structure of nickel titanium maintain-

ing its integrity
d.	 a and c

28. Both RNT ground files and TF can 
be used with any currently available 
electric endodontic motor.
a.	 True
b.	 False

29. As a result of twisting, _________.
a.	 TF has a triangular cross section
b.	 TF has a variable helical angle, flute width, 

depth, and pitch
c.	 TF is extremely flexible
d.	 all of the above

30. Regardless of the method selected, 
the clinician must use an appropriate 
technique and great care when 
performing endodontic procedures.
a.	 True
b.	 False
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