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Careful examination of technique and design considerations
identifies the limitations and usefulness of existing instru-
ments and facilitates the development of a new generation of
rotary instrumentation, one unencumbered by traditional
concepts. Listed below are some of the considerations and
ramifications of designs that are most important in formulat-
ing techniques in approaching difficult cases.  

What causes breakage?

In the most basic terms, the strength of a file is due to the co-
hesive forces between atoms. As forces that tend to change
the shape of the file are increasingly applied, the forces to sep-
arate atoms increase and their attraction decreases. Breakage
occurs when the force of separation of the atoms exceeds the
force of attraction. On a larger scale, the molecules of a metal
are arranged in patterns denoting its crystalline structure or
grain and the fracture of files usually can be characterized in
two ways. The fracture may occur across the grain of the metal
with little or no apparent deformation. This type of fracture
can be seen as a result of fatigue most often caused from the
excessive stresses of the repetitive rotation of a file during in-
strumentation around a curvature. The other cause of fracture
shows apparent deformation of a file and the separation oc-
curs as a result of slippage between the planes of its crystalline
boundaries most often due to the excessive forces of torsion.
Of course, most fractures are a combination of different
forces of separation. 

What is torsion?    

Torsion is the axial force of being twisted that results when one
part of a file rotates at a different rate than another part. Any
distortion of a file that results from twisting, such as un-wind-
ing is caused by stress of torsion. When a file resists rotation
during hand instrumentation with conventional .02 tapered
files, excessive torque can usually be perceived and file
breakage can usually be avoided. On then other hand, even
the use of torque control Handpieces during automated in-
strumentation does not provide the means for adjusting to
varying circumstances, such as curvatures, the amount of file
engagement, and which the diameters of the file that are en-
gaged. Understanding the factors that cause excessive torque
is the most reliable means for avoiding torsion failure.

What causes torsion stress?      

Torsion stress on a file is primarily the result of (1) the force of
cutting, how effectively a chip is formed and deflected from
the wall of the canal, (2) the force of screwing-in due to the
spiraled blades that become engaged in the wall of the canal
without forming and deflecting chips, (3) the force of abrasion
of the non cutting surface of the file against the wall of the
canal, and (4) the force the debris exerts on the wall of the
canal as it accumulates in the flutes. Incorporating designs to
reduce any of these forces increases the file’s efficiency and
is one approach to advance instrument design. Another ap-
proach is to provide designs that can accommodate greater
forces although the efficiency may remain unchanged. 
A file with a larger diameter can resist more torsion stress than
one with a smaller diameter. The relationship varies very
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Irregularities in the surface of the leading edge of a file shown in image
A act as stress concentration points for potential torque or fatigue fail-
ure. The force to propagate the crack shown in image B can be less than
one half the force that was required to form it. Examining the SEM im-
ages of the quality of manufacturing can provide valuable information
for the probability for breakage. 

C D

The fracture across the grain of the metal of file C was probably the re-
sult of fatigue. Note the faults along the blade that are particularly sus-
ceptible to stress concentration. The fracture resulting from slippage be-
tween the crystalline boundaries in file D was probably the result of ex-
cessive twisting.
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closely with the square of the diameter. Therefore, a size .25
mm diameter can resist as much as 50 % more torque than a
size .20 mm diameter having the same design even though
the difference in diameters is only .05 mm. The reason that
the description direct relation between torque and diameter
is not used is because the complicated variables in the crys-
talline structure of nickel titanium cause variations in the pat-
terns of breakage. 

What are the smallest file diameters that can be
used to meet the torque requirements that we are

likely to encounter in canals? 

Smaller diameters of files are more likely to break with the ap-
plication of torsion. However, binding of a small diameter
can usually be detected and prevented if that part of the in-
strument that is likely to become bound is the only part that is
engaged in the canal. When the difference between the
largest and smallest diameters engaged is minimal, increases

in torque is are usually the result of increased applied pres-
sure. If the torque and pressure required for rotating the larger
diameter portion of a file exceeds the torque required to break
the smaller diameter portion, the file is particularly vulnera-
ble when engaging the larger diameter. Even establishing
glide paths (canals enlarged to a diameter larger than the tip
of a subsequent file) is no assurance that a small tip size can-
not be unknowingly pushed into and become bound in aber-
rations such as a fin, an anastomosis, a bifurcation or auxil-
iary canal while the force necessary for engaging the larger
diameter is applied. Glide paths are usually established with
smaller more flexible files that follow the pathways of least re-
sistance, usually that portion of the canal having the largest
diameter along its path. As larger tapered, less flexible files
that have smaller tip sizes than the established glide path are
used, the files can have a tendency to follow a pathway dif-
ferent than the glide path and become bound in the smaller
canal aberrations. The file that is most likely to follow the
canal is one that remains 360 degrees engaged, but that is as-
suming it has adequate flexibility and excessive torsion is
avoided.  

Can different type files having the same diameter
have different abilities to withstand torque? 

The ability of a file to resist torque failure depends on the file’s
diameter, cross-sectional mass and design. Files having the
same basic design and same diameter can have a different
cross-sectional mass or central cores by having different
depths of flutes. In which case, the file having the greatest
cross-sectional mass will be able to withstand the greatest
torque. However, the design of the instrument plays an im-
portant role in resisting torque.  For instance, a cross-section
design that incorporates angular notches may be more sus-
ceptible to torsion failure than designs that incorporate more
gradual curvatures. Abrupt changes in the continuity of the
straight lines of design can result in stress concentration
points or areas of weakness when stress is applied. However,
cross-section designs that appear to have more stress con-
centration points and less cross-section mass can actually
have more resistance to torsion stress if the shape is carefully
designed to resist the forces of torsion.
An important consideration is the efficiency of different de-
signs;. Some files that might require the same torque to fail as
other files might also require less torque to be functional in
enlarging the canal in with less possibility for of breakage. As
an example, the K-3 file has cross-section mass similar to the

Nickel titanium instruments haves approxi-
mately the same torsion strength as stain-
less steel. The significant advantage of NiTi
is its flexibility. Although NiTi’s super-elas-
tic ability to be distorted without perma-
nent deformation is often cited as an at-
tribute, this quality is of little consequence
for a file rotating over 200 rpms. Some NiTi
files may continue to twist as many as three
times after becoming bound in the canal
without failing compared to less than one
revolution for stainless steel files, but, with-
out warning, this may mean less than 1 sec-
ond of reaction time for the operator. A more
meaningful relationship may be the torsion
force required to fracture the file relative to
its flexibility.

ProFile distorted 
and fractured 
by torque

Quantec 
distorted 

and fractured 
by torque

As a canal is instrumented, the files follow the pathway of least re-
sistance establishing a glide path but possibly leaving portions of
the canal such as a fins that may remain as the natural pathway for
a file with a small tip with a larger taper. The pressure required to
cause the larger diameter part of the file to function could cause
the small tip to be forced into a part of the canal that has not been
instrumented and become bound.

Establishing a pathway might
not preclude a file of a different
size and taper from following a
different path than expected.
The result can be a tip that be-
comes bound when the neces-
sary torque and pressure is ap-
plied for a larger diameter and
taper to function. The example

at the left illustrates several aberrations of the canal system in
which a small file tip could have become bound. (J.T. McSpadden)
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ProTaper file and has greater deviations from straight lines of
design and, yet, can enlarge the canal with less torsion stress.
Files having the same diameter and cross-section design can
have different resistances to torsion failure. Generally, the file
with ground flutes and more spirals will have greater flexibil-
ity but less resistance to torsion failure. However, if twisting
forms the spirals, as is the case with most stainless steel files,
the metal can become work-hardened and have greater re-
sistance to torsion failure.   

How important is file flexibility? 

Successful endodontic treatment requires considerable
knowledge of root canal anatomy and instrument limitations.
The current literature is replete in illustrating that the root
canal system is rarely composed of straight cylindrical canals
but rather is comprised of frequent curvatures and aberra-
tions. The phenomenal benefits, particularly the flexibility, of
rotary nickel titanium files for negotiating difficult anatomies
while enhancing the quality of canal enlargement and de-
bridement can prove invaluable and outweigh most risks en-
countered during canal preparation.
The rotation of flexible instruments around curvatures can
certainly facilitate one’s ability to accomplish 360-degree
canal enlargement while maintaining the central axis of the
canal and preserving more tooth structure. Although canal
curvatures in the mesial-distal plane may be apparent on x-
ray examination, the severity of curvatures, due to angula-
tions and location in the facial-lingual plane, may not be so
apparent., In which this case, flexibility can often be a bene-
fit without our awareness of it.
On the other hand, most dentists resort to stainless steel files
when using the smallest sizes for establishing the working
length and the patency of the apical foramen. Having the flex-
ibility needed but lacking the toughness of nickel titanium,
these smaller sizes of stainless steel files are used manually
and have the advantage of being more easily pre-bent with-
out excessive stress in order to negotiate curvatures. Bending
a nickel titanium file can be accomplished, however, the
property of shape memory causes the file to return to its orig-
inal shape unless unusual force is used. Although shape
memory provides the advantage of usually having a straight
file after being used, this property offers no advantage in the
canal unless one is attempting to straighten the canal.  

One must keep in mind that continuous rotation of even flex-
ible instruments can eventually lead to cyclic fatigue failure.
The rotation of larger diameter instruments that lack adequate
flexibility may often be the cause of treatment complications
due to canal transportation or instrument breakage when
other factors receive the blame. The frequency of curvatures
in each plane of tooth anatomies dictates that we assume their
presence. Understanding the limitations of flexibility or the
lack of it and the complexities of anatomies is essential for
maximizing the benefits of rotary instrumentation.

What is fatigue?     

File fatigue is the result of any repetitive stress that occurs, pre-
dominantly during flexion while rotating around a canal cur-
vature and is closely related to the inverse of the square of the
file’s diameter. A file can withstand more stress during a sin-
gle rotation around a curvature than it can after numerous ro-
tations. Metal fatigue usually begins at minute defects on the
surface or at stress concentration points in the design that re-
sult in the formation of stress cracks. Since substantially less
stress may be required to propagate a crack than is required
for its formation, a fatigue failure is particularly insidious and
can occur without any obvious warning. Any prediction of fa-
tigue failure is complicated by stresses that result from geo-
metrical discontinuities, porosities, inclusions and overheat-
ing that occurred during grinding.
Knowledge of the relationships of file sizes and canal
anatomy is especially important when dealing with the com-
bined stresses of torque and fatigue. Computerized hand-
pieces are being developed to address the problems of fatigue
as well as torque but the judgments for determining appro-
priate technique should always be the role of the dentist and
mechanical technology should not be an excuse for a lack of
understanding.

What causes fatigue?

On the inside of the curvature of a canal a rotating file is com-
pressed. On the outside of the curvature the file undergoes
tension. During continuous rotation around a curvature each
surface of the file undergoes compression and tension until
faults in the file propagate and the file fatigues. Generally, the
greater the distance between the stress of tension and the
stress of compression the greater the total stress on the instru-
ment is. The smaller  the diameter that of a file is, the longer it
can rotate around a curvature without fatigue failure. The file’s

K-3 cross-section                               ProTaper cross-section

Although the ProTaper file and the K-3 file have similar cross-sec-
tional mass, the K-3 file is significantly more efficient in its cut-
ting ability.

Larger tapered files commonly
used in minor mid-root or coro-
nal curvatures have diameters
that can cause severe compres-
sion and tension stresses that
can lead to fatigue failure. The
file diameter at the point of cur-
vature and the number of file ro-

tations are important considerations during canal instrumenta-
tion. (Dr. William Watson)
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resistance to fatigue has a close inverse relationship with the
square of the diameter. Therefore, a size .20 mm diameter re-
sists fatigue approximately 50 % more than a size .25 mm di-
ameter. As the diameter of a tapered file increases as it pro-
gresses through a curvature, the stress on the file eventually
reaches the point of potential failure and the use of the file
should be terminated in favor of a smaller diameter or smaller
tapered file. The dentist must consider the number of rota-
tions, the file diameter and the degree of curvature in order to
determine how to avoid fatigue.

Will different type files of the same diameter have
the same resistance to fatigue?

As with resistance to torsion failure, resistance to fatigue is
also dependent on diameter, mass and design. Whereas tor-
sion failure is more vulnerable to stress concentration points

in the transverse cross-section design, fatigue is more de-
pendent upon stress concentration points in the longitudinal
cross-section. For instance, even though the core mass, total
mass and diameter may be the same for a Hedstrom file and
a conventional K-type file, the Hedstrom file has more abrupt
changes in lines of design in transverse and longitudinal
cross-sections that causes it to more likely fatigue.
The shape of the file at its circumference also determines a
file’s resistance to fatigue. In basic terms the resistance to sep-
aration of molecular attraction provided by a greater mass of
a rounded surface following a file’s cutting edge at its cir-
cumference may be more resistant than an angular circum-
ferential surface, i.e. a triangular cross-section in which the
smallest surface mass is subjected to the greatest tension, but
the prediction of failure becomes more difficult to compute. 

How can files of the same diameter have different
flexibilities?

Two of the most common means of increasing file flexibility
for ground nickel titanium files is to decrease the cross-sec-
tional area by increasing the depth of flutes or to increase the
number of spirals of the flute per unit length. Either change,
however, can alter the file’s characteristics and increase it’s
susceptibility to failure. 
The fact that the Profile and the Profile GT instruments have
the same cross section cross-section design but different di-
mensions provides an opportunity to examine the conse-
quences of the differences. The Profile has fewer spirals at the
tip end that renders it slightly less flexible, less likely to be-
come bound by screwing- in, and more resistant to torsion

deformation. Although one would expect the Profile to gen-
erate more torque at its handle end due to the increased en-
gagement area of more spirals during rotation than the Pro-
file GT, it’s narrower lands enables it to enlarge the canal with
less torque. The longer working surface of the 20/.04 Profile
GT allows a greater engagement of it’s length that also can
also cause greater requirements of torque during instrumen-
tation.    
The characteristics of file flexibility differ between instru-
ments formed by twisting and grinding. As pointed out, more
spirals in ground nickel titanium files result in greater flexi-
bility. The increase results from more cuts across the crys-
talline grain of the metal that also decreases its resistance to
torsion failure. However, more spirals in stainless steel files
formed by twisting result in greater resistance to deformation
and less flexibility that is caused from the work hardening of
twisting. It is assumed that added resistance to deformation
in nickel titanium files might possibly result of manufacturing
by twisting if the problems of shape memory can be solved
during the process.     
How much flexibility a file design may exhibit at a specific
point along its working surface may vary as it rotates in a cur-
vature and the flexibility may be due to the file yielding to
stress rather than accommodating it (exceeding the elastic
limit), in which case failure can be the result. Deformation of
the long axis or length of the file is not commonly apparent
since the file is rotating in the curvature and any deformation
is corrected as the file is rotated 180 degrees and becomes
flexed in the opposite direction.
Dynamic testing in addition to  finite element modeling be-
come extremely important in determining what design mod-
ification constitutes an improvement. Characteristics of
nickel titanium are not always predictable and enhancing
one aspect of a file can compromise it in another. For in-
stance, increasing the number of spirals decreases the file’s
resistance to torque and increases the stress concentration
points during flexion but commonly increases its resistance
to fatigue. One would expect increased flexibility with more
spirals, but for flexibility to be accompanied with increased
resistance to fatigue would be less certain.

An angular surface
at the circumfer-
ence of the file has
more defects that
can lead to failure
under tension than
the rounded sur-
face of a land.

Although the Profile (top) and the Profile GT (bottom) have iden-
tical cross-section designs, there are important dimensional dif-
ferences. The Profile has more spirals at the handle end and fewer
spirals at the tip end. The Profile GT has wider lands (greater cross-
section area) and a shorter working surface.
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