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(57) ABSTRACT 

Precipitation hardenable stainless steel endodontic ?les and 
methods for their manufacture, Wherein the most preferred 
precipitation hardenable stainless steel is 17-4PH and aging 
is preferably not one of the manufacturing steps. Precipita 
tion hardenable stainless steels used in embodiments of this 
invention are iron-chromium-nickel grades that have the 
desired properties of ?exibility, strength, hardness, Wear 
resistance, stiffness, resistance to permanent deformation, 
resistance to variable torque, and biocompatibility for endo 
dontic ?les. 



Patent Application Publication Jan. 16, 2003 Sheet 1 0f 7 US 2003/0013067 A1 

40 

74k 

FIG. 1 



Patent Application Publication Jan. 16, 2003 Sheet 2 0f 7 US 2003/0013067 A1 

FIG. 2A 



Patent Application Publication Jan. 16, 2003 Sheet 3 0f 7 US 2003/0013067 A1 

. 
AU 4 1 

mm m/ o m 

‘Q1 a 2 m WENQ 
\. v I 

“..“...m.v........ .... . 

L _ 
‘ . \‘Q. . 

\1 w ‘ 

\ 

\ 4 

6 

‘4i 2 

a 

0 2 8 
6 6 4| 

2 2 

1 ( 

FIG. 2B 



Patent Application Publication Jan. 16, 2003 Sheet 4 0f 7 US 2003/0013067 A1 

2 4 2 

254b 254d 

FIG. 3 



Patent Application Publication Jan. 16, 2003 Sheet 5 0f 7 US 2003/0013067 A1 

Z %1 
FIG. 4A FIG. 48 H6. 40 

FIG 4F 

FIG. 4| 





Patent Application Publication 

II 

A 
l L l ‘ 

Jan. 16, 2003 Sheet 7 0f 7 

FIG. 8 

US 2003/0013067 A1 

FIG. 7 



US 2003/0013067 A1 

PRECIPITATION HARDENABLE STAINLESS 
STEEL ENDODONTIC INSTRUMENTS AND 

METHODS FOR MANUFACTURING AND USING 
THE INSTRUMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. The Field of the Invention 

[0002] The present invention relates generally to endo 
dontic ?le instruments and methods for their manufacture. 
More speci?cally, the present invention relates to precipita 
tion hardenable stainless steel endodontic instruments and 
methods for their manufacture that preferably do not include 
heat treatment. 

[0003] 2. Relevant Technology 

[0004] To preserve a tooth With a pulp that is diseased or 
is potentially diseased, it is generally necessary to remove as 
much of the pulp material as is possible from the pulp canal 
of the tooth, to shape the root canal(s) Without excessively 
Weakening the root canal Walls, to prevent or minimiZe the 
presence of bacteria through the use of irrigants and dress 
ings, and lastly, to clean the Walls of the root canal(s) by 
removing the smear layer created during instrumentation of 
the root canal(s). These steps are all done to prepare the root 
cavity for sealing or obturation Which involves ?lling the 
root canal With biocompatible materials, such as gutta per 
cha, before the pulp cavity is sealed, thereby promoting the 
healing and functional recovery of the tooth. This procedure 
is referred to as root canal therapy. 

[0005] As indicated hereinabove, root canal preparation 
involves pulp removal, cleaning of the root canal Walls and 
shaping of the canal Walls. This is typically achieved 
through a guided procedure With the use of instruments 
Which are moved either manually, mechanically or by com 
binations thereof These instruments are ?les or bits that are 
con?gured to bore and/or cut. Mechanical instrumentation 
can be achieved through the use of endodontic handpieces 
coupled to instruments such as ?les. The endodontic hand 
pieces can impart rotational motion to a ?le, reciprocal 
motion by alternately rotating a ?le clockWise and counter 
clockWise, sonic movements or ultrasonic movements. 

[0006] With regard to operating procedures, there are tWo 
basic methods from Which all of the canal-preparation 
techniques can be derived. These methods have been inter 
preted by various authors in an operational context and also 
in terms of the instrumentation. The primary conventional 
systems and methods for removing pulp material from the 
root canal of a tooth are the apico-coronal (step-back) 
technique and the corono-apical (croWn-doWn) technique. 
Although these conventional cleaning techniques both rely 
generally on sequential increases in the diameter of instru 
ments inserted into the root canal. The step-back technique 
involves the sequential use of instruments by ?rst inserting 
an instrument all the Way doWn to the apex of the root canal 
and then using progressively larger and shorter ?les to clean 
the root canal. So the step-back technique involves cleaning 
the root canal from the apex toWard the croWn. The croWn 
doWn technique uses a set of ?les that are increasingly 
longer and smaller in diameter. So the croWn-doWn tech 
nique involves ?rst using a short and large diameter ?le to 
clean the upper portion of the root canal at the croWn and 
then using a ?le that is longer and smaller until a ?le is used 
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that reaches and cleans the apex. Each technique has its oWn 
unique bene?ts and disadvantages Which are discussed here 
inbeloW. 

[0007] As indicated above, in the step-back technique, the 
apical portion of the tooth is prepared ?rst and then the 
remainder of the canal is ?ared from apex to croWn. This 
process essentially involves inserting a series of progres 
sively larger ?les into the apex of the root canal and rotating 
each ?le and/or moving the ?le up and doWn in a longitu 
dinal motion until a ?le can be inserted that is considered to 
be a suitable standard siZe for completing the process or that 
meets some resistance to rotation. The rest of the canal is 
then ?ared by sequentially using each ?le in the set With 
each ?le being larger than the preceding ?le and by alter 
nately advancing and then WithdraWing each instrument. 

[0008] With each increase in ?le diameter, the rigidity 
increases and the ?exibility of the ?les decreases. As a result, 
it becomes increasingly dif?cult for the ?les to adjust to or 
to folloW the contours of the perimeter surfaces of the root 
canal. This reduced ?exibility also increases the likelihood 
that the ?les Will fail to contact some portions While remov 
ing too much of the surrounding dentin in some areas 
through excessive abrasion and resulting in overthinning of 
the Walls. 

[0009] Not only is the completeness effected by the use of 
a set of ?les Wherein each ?le is more rigid than the 
preceding ?le but the ability to safely move the ?le Within 
the canal is also limited. More particularly, the increasing 
rigidity results in decreased ability to negotiate the curves in 
the canal. Signi?cant problems that can result from inserting 
increasingly rigid ?les and also from initially inserting a ?le 
all the Way doWn to the apex includes laceration and 
transportation of the apical foramen, as Well as misdirection 
and perforation of the Wall. 

[0010] Another problem is the formation of ledges. 
Ledges can occur When a practitioner attempts to insert a ?le 
as far as the apex and the ?le is too in?exible to properly 
curve With the root canal or move around a protrusion. When 
a ?le is too in?exible to curve or ?ex as needed and is halted 

prematurely, the doWnWard pressure exerted on the ?le, in 
conjunction With the tendency of the ?le to straighten itself, 
causes the tip of the ?le to dig into the side of the root canal 
and form a ledge. Such ledges are dif?cult to bypass; and if 
the ledge occurs very close to the apex, the ledge may give 
the practitioner the mistaken impression that the apex has 
been reached. 

[0011] The croWn-doWn technique generally involves the 
use of a set of ?le instruments Wherein each ?le in the set of 
?le instruments has a progressively different diameter at the 
top of the cutting portion of the ?le, i.e., the point Where the 
?le becomes smooth and no longer has cutting capabilities. 
The smooth portion may have a constant diameter. The 
diameter at the top of the cutting portion of each ?le may be 
either constant or graduated for the entire set of instruments 
such that the top of the cutting portion of each ?le is 
progressively smaller than that of the preceding ?le. By 
using such ?les, a very large area is initially abraded and a 
large borehole is formed in the root canal. 

[0012] One example of the operational de?ciency of the 
croWn-doWn method lies in its association With instruments 
made of nickel/titanium (Ni/Ti). Based on the greater ?ex 
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ibility of ?les formed from nickel/titanium compared With 
?les formed from steel, proponents of the croWn-doWn 
method in conjunction With nickel/titanium ?les assert that 
such ?les can better folloW the curvatures of a root canal. 
Additionally, it has been asserted that such ?les are more 
likely to stay in the center of the root canal, thereby 
decreasing the likelihood of ledging or perforating the root 
canal Walls. As set forth hereinbeloW in greater detail, each 
material has its oWn unique advantages and disadvantages. 

[0013] Moreover, because nickel/titanium ?les are more 
?exible than steel ?les, they tend to folloW the path of least 
resistance and therefore cannot be used, in the same Way as 
steel ?les, to be applied actively and intentionally by the 
operator. As a result, even When the operator knoWs the 
thickness of a particular portion, such as an interference or 
obstruction Which the operator desires to rectify or 
straighten, the operator lacks the freedom to aggressively 
drive the ?le as needed and clean the portions that are 
dif?cult to reach. Accordingly, When a nickel/titanium ?le is 
used to clean a non-cylindrically shaped root canal, the ?le 
moves only at the center of the canal and/or the area of least 
resistance and fails to remove all of the necrotic tissue. 

[0014] Problems, such as overthinning of root canal Walls, 
perforation of a root canal Wall, excessively Weakening of 
the Walls of the tooth and a failure to fully contact all of the 
canal Walls, can be easily caused by the passive, self-guiding 
use of nickel/titanium ?les With progressively larger tapers 
in the transition from the ?rst instrument to the next one in 
the set, and increasing rigidity in accordance With the 
croWn-doWn technique Which prevents the ?les from being 
laterally moved to enable the ?les to clean the entire 
perimeter of the root canal. 

[0015] It should also be remembered that While rotation of 
a set of passively actuated ?les, in the center of the canal, in 
accordance With the croWn-doWn technique, may result in 
successful root canal therapy, there is a signi?cant haZard 
due to the passivity of the instruments When linked to canal 
diameters and Wall thicknesses that are still statistically 
unknoWn. 

[0016] The ?exibility of the ?les used in the croWn-doWn 
technique, Which are typically formed from nickel/titanium, 
prevents the ?les from being successfully urged against the 
perimeter or against the various surface features of the root 
canal. As also discussed above, the ?exibility of the ?les also 
increases the tendency of the ?les to remain in the center or 
at the location Where less resistance to movement is encoun 
tered. Accordingly, the ?exibility of the ?les also contributes 
to a borehole con?guration Which substantially deviates 
from the original anatomy of the root canal. 

[0017] There are also other disadvantages to the use of 
nickel/titanium ?les. The ?exibility of nickel/titanium ?les 
increases the likelihood that the ?le may bend and be 
deformed upon encountering a hard substance. Since nickel/ 
titanium ?les are more fragile and more ?exible than stain 
less steel ?les, the nickel/titanium ?les can break more easily 
and unexpectedly than steel ?les. When a nickel/titanium ?le 
instrument is used With a large ?le diameter the ?exibility 
decreases to the point of being as rigid as stainless steel and 
yet breaks more easily. More particularly, beyond a certain 
diameter, the upper halves of larger diameter ?les are still as 
rigid as that of steel ?les While the ?exible loWer halves of 
nickel/titanium ?le instruments are more prone to break. 
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[0018] Additionally, rotation of a ?le in a canal that has a 
laminar upper tWo-thirds exposes the tip of the ?le to the risk 
of breaking When the tip of the ?le is embedded or stuck in 
a canal Whose diameter is smaller than its oWn diameter! To 
avoid breaking the tip When it is embedded or stuck in a 
canal Whose diameter is smaller than the diameter of the tip, 
operators Who use nickel/titanium ?les are advised to 
employ catheteriZation in order to obtain a prophylactic 
Widening of the canal, using a series of instruments With 
increasingly larger tip diameters. 

[0019] Another disadvantage of nickel/titanium ?les is 
that nickel embodied in the alloy may potentially result in an 
allergic reaction. Further, nickel/titanium ?les cost about 
four times as much as steel ?les and yet nickel/titanium ?les 
generally Wear out faster than steel ?les. Nickel/titanium 
?les Wear out so quickly that some manufacturers mark their 
products as being intended for single use only. 

[0020] Although stainless steel of various types has been 
used in the manufacture of endodontic ?les, this material has 
been generically disquali?ed as being unsuited for its use as 
a single material in the manufacture of endodontic ?les. 
Reasons for this disquali?cation of stainless steel include its 
lack of ?exibility and its stiffness that can lead to undesirable 
ledging. 
[0021] Aconventional form of stainless steel in the manu 
facture of endodontic ?les is knoWn as 304 stainless steel in 
the USA and as 18-8 stainless steel in Europe. This form of 
stainless steel, Which is similar to USA 316 stainless steel, 
has generally the shortcomings that have been described 
above regarding stainless steel endodontic ?le instruments. 
To avoid the shortcomings that are conventionally associ 
ated With stainless steel endodontic ?les, the trend in endo 
dontic has been to use other materials such as Ni/T i alloys, 
superelastic Ni/T i alloys, and tWo-material substances. See, 
for example, US. Pat. Nos. 5,213,499, 5,380,200, and 
5,984,679, Which are hereby incorporated herein by refer 
ence in their entirety. 

[0022] As revealed by the present state of the art, stainless 
steel endodontic ?les have suf?cient hardness, but they are 
not ?exible enough for effective endodontic Work. Ni/T i 
endodontic ?les are more ?exible than stainless steel ?les, 
but their ?exibility is excessive for certain applications, they 
are brittle, and have loW tensile strength, Which easily leads 
to ?le rupture upon application of a torque. Consequently, 
Ni/Ti endodontic ?les are regarded as inadequate for use 
With variable torque handpieces such as air-driven turbines, 
even though such turbines have many desirable features for 
driving dental instruments. 

[0023] Because some materials have the desired hardness 
and other materials have the desired ?exibility, endodontic 
?les have been manufactured With more than one material. 
HoWever, multi-material ?le manufacture tends to be more 
complex than single material ?le manufacture. 

[0024] Based on the foregoing observations, methods and 
devices are needed in the endodontic arts Which enable a 
dental practitioner to effectively use ?le instruments Which 
are more resistant to Wear, harder and less ?exible than Ni/T i 
instruments, but not as hard and resilient as stainless steel 
instruments. 

[0025] It Would also be an advancement in the endodontic 
arts to provide methods and devices Which rely on materials 
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that are ?exible enough and that have enough tensile 
strength Without being unduly brittle, and Without exhibiting 
the allergenic effects of Ni/Ti materials. 

[0026] It Would also be a bene?cial development in the 
endodontic arts to provide methods and devices Which can 
be used With variable torque handpieces, such as air-driven 
turbines, in addition to their use in hand-held instruments. 

[0027] Additionally, it Would be an advancement in the 
endodontic arts to provide methods and devices that can rely 
on only one manufacturing material. 

[0028] Finally, it Would also constitute progress in the 
endodontic arts to provide methods and devices in Which the 
?le material is suf?ciently hard and such hardness is 
achieved Without requiring heat treatment. 

OBJECTS AND BRIEF SUMMARY OF THE 
INVENTION 

[0029] The present invention has been developed in 
response to the present state of the art and, in particular, in 
response to problems and needs that have not been solved 
heretofore. 

[0030] An object of the present invention is to provide 
methods and devices that enable a dental practitioner to 
effectively use ?le instruments Which are more resistant to 
Wear, and Which are harder and less ?exible than Ni/Ti 
instruments, but not as hard and resilient as stainless steel 
instruments. An advantage of these features is that the 
devices according to the present invention are ?exible While 
being stiff and hard enough to hold a sharp edge. 

[0031] Another object of the present invention is to pro 
vide methods and devices that rely on materials Which are 
?exible enough and Which have enough tensile strength 
Without being unduly brittle and Without exhibiting the 
allergenic effects of Ni/T i materials. An advantage of these 
features is that the devices according to the present invention 
are not so stiff as to easily cause ledging and are capable of 
Withstanding stress Without becoming plastically deformed 
or breaking. 

[0032] An additional object of the present invention is to 
provide methods and devices that can be used With variable 
torque handpieces, such as air-driven turbines, in addition to 
their use in hand-held instruments. An advantage of this 
capability is that the devices according to the present inven 
tion are versatile and they can be effectively used in con 
junction With an ubiquitous driver such as an air-driven 
turbine. 

[0033] Additionally, another object of the present inven 
tion is to provide methods and devices that can rely on only 
one manufacturing material. An advantage of this manufac 
turing is that it reduces the complexity of the manufacturing 
process and it provides devices With the uniform properties 
of single material devices. 

[0034] Finally, it is an object of the present invention to 
provide methods and devices in Which the ?le material is 
sufficiently hard, and such hardness is achieved Without 
requiring heat treatment. An advantage of this manufactur 
ing feature is that it simpli?es the manufacturing process 
because it requires feWer steps than conventional manufac 
turing processes that rely on heat treatment to impart the 
desired degree of hardness. 
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[0035] To achieve the foregoing objects, and in accor 
dance With the invention as embodied and broadly described 
herein, ?le instruments according to the present invention 
comprise a ?le manufactured With a base material that is a 
precipitation hardenable stainless steel, preferably in the 
form of a type such as martensitic, semiaustenitic, and 
austenitic. The precipitation hardenable stainless steel 
according to the present invention is more preferably in the 
martensitic form, and most preferably a 17-4PH stainless 
steel. 

[0036] Methods for manufacturing ?le instruments 
according to the present invention comprise the steps of 
providing a precipitation hardenable stainless steel base 
material and forming the material into a ?le. Files can be 
formed from the base material such as a precursor blank by 
an conventional method. Examples of conventional methods 
for forming a precursor blank or rod of base material into a 
?le instrument include cutting lands into the rod, tWisting the 
rod, abrading the rod, and combinations thereof. Forming 
the ?le instrument may involve multiple steps such as 
imparting a desired longitudinal taper before cutting, tWist 
ing or abrading the precursor rod or blank used to form the 
?le instrument. It may also be necessary to shape the 
precursor blank to provide a desired cross-sectional shape 
such as a triangular or square cross-sectional shape. The ?le 
instrument so obtained is preferably not subjected to heat 
treatment because it possesses the desired ?exibility and 
tensile strength. When indentations or other features that are 
typically obtained by cutting are desired, such features can 
be cut into embodiments of the ?le instruments manufac 
tured according to the present invention. The order in Which 
cutting and tWisting takes place is not a limiting feature of 
the methods of the present invention. This order is chosen in 
practice according to conventional machining preferences. 

[0037] These and other objects, features, and advantages 
of the present invention Will become more fully apparent 
from the folloWing description, draWings, and appended 
claims, or may be learned by the practice of the invention as 
set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] In order that the manner in Which the above-recited 
and other advantages and objects of the invention are 
obtained, a more particular description of the invention 
brie?y described above Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
appended draWings. Same numbers used in different draW 
ings label like features. Understanding that these draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 

[0039] FIG. 1 is a vieW of a system of endodontic tools 
including a ?rst set of instruments for cleaning the operative 
middle portion of an operative root canal, a second set of 
instruments for improving the access into the apical root 
portion and a third set of instruments for cleaning the apical 
root portion. 

[0040] FIGS. 2A-2B shoW embodiments of PH stainless 
steel endodontic ?les operated by a driver, such as an electric 
motor or an air turbine. 
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[0041] FIG. 3 is a longitudinal cross-sectional vieW of a 
tooth With a ?le inserted into a root canal having a length that 
is suf?cient to reach the apex. 

[0042] FIGS. 4A-4J are transverse cross-sectional vieWs 
of endodontic ?les. 

[0043] FIG. 5 is a longitudinal cross-sectional vieW of a 
tooth With a root canal being cleaned With a ?le instrument 
having a ?le formed by machining a groove into a metal 
blank. 

[0044] FIG. 6 is a perspective vieW of another embodi 
ment of an endodontic instrument. 

[0045] FIG. 7 is a partial perspective vieW of an endo 
dontic ?le depicting the tip of the ?le. 

[0046] FIG. 8 is a partial perspective vieW of an endo 
dontic ?le depicting the tip of the ?le. 

[0047] FIG. 9 is a partial perspective vieW of an endo 
dontic ?le depicting the tip of the ?le. 

[0048] FIG. 10 is a partial perspective vieW of an endo 
dontic ?le depicting the tip of the ?le. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0049] The present invention is directed to endodontic ?le 
instruments Which are ?exible but not as ?exible and prone 
to rupture as Ni/T i ?les, and Which are not as stiff as 
conventional stainless steel ?les. Furthermore, the endodon 
tic ?le instruments according to the present invention are 
hard enough to effectively hold a sharp edge Without Wear 
ing as fast as Ni/Ti ?les. Since the ?les are more ?exible than 
conventional stainless steel ?les, they are less likely to cause 
ledging. 

[0050] As indicated above, stainless steel has been Widely 
used in manufacturing endodontic ?les. Stainless steel is an 
alloy of Fe and chromium from less than 10% to more than 
25%. The trend in endodontic ?les has been aWay from the 
use of stainless steel as Ni/T i ?les have become increasingly 
popular due to their greater ?exibility. Despite the conven 
tional teachings regarding stainless steel and its disfavored 
use according to conventional endodontic ?le instrument 
manufacturing, it has been discovered in the context of the 
present invention that a type of stainless steel has unique 
mechanical properties that make it particularly useful for 
manufacturing endodontic ?les. This stainless steel is pre 
cipitation hardenable stainless steel. Endodontic ?les manu 
factured With precipitation hardenable stainless steel have 
superior properties relative to those of ?les that are manu 
factured With other materials such as Ni/Ti alloys, tWo 
material substances and conventional stainless steel alloys. 
These superior properties relate to the desired ?exibility, 
strength, hardness, Wear resistance, stiffness, resistance to 
permanent deformation, resistance to variable torque, and 
biocompatibility for the manufacture of endodontic ?le 
instruments. 

[0051] Precipitation hardenable (PH) stainless steels are 
iron-chromium-nickel alloys. Hardness for these alloys can 
be increased by precipitation hardening through an aging 
treatment of a martensitic or austenitic matrix With one or 

more of the folloWing elements: Cu, Al, Ti, and Mo. Pre 
cipitation hardenable stainless steels are classi?ed as auste 
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nitic, semiaustenitic, or martensitic depending on the solu 
tion-annealed microstructure, the martensite start and ?nish 
temperatures, and the behavior upon cooling from a suitable 
solution-treatment temperature. Aging by heating is part of 
the conventional treatment of these alloys for increasing 
their hardness. The aging treatment is sometimes supple 
mented With cold Work. 

[0052] While the alloys of the present invention may be 
any precipitation hardenable stainless steel, such as a PH 
stainless steels of types that are martensitic, semiaustenitic, 
and austenitic, a more preferred alloy is martensitic PH 
stainless steel. The most preferred alloys are alloys Which 
are referred to With the designation 17-4PH. 

[0053] For alloys including precipitation hardenable stain 
less steel, a Wide range of properties can be obtained by 
varying the heat-treatment practice. The standard aging 
times conventionally used for aging temperatures of 480° C. 
and 510° C. (900° F. and 950° are such that most steels 
so heat treated are in the fully aged or slightly overaged 
condition. See, for example, ASM Specialty Handbook, 
Stainless Steels, J. R. Davis (ed.), ASM International, The 
Materials Information Society, p. 35 (1994). 

[0054] It has been discovered in the context of this inven 
tion that PH stainless steels Which are not subjected to aging 
as in conventional practice are the most preferable form of 
PH stainless steel alloys for the manufacture of endodontic 
?le instruments. This suitability derives from the character 
istics of PH stainless steels that are not subjected to the 
conventional aging by thermal treatment. Such characteris 
tics include a desired degree of ?exibility, strength, hard 
ness, Wear resistance, stiffness, resistance to permanent 
deformation, resistance to variable torque, and biocompat 
ibility. 

[0055] Examples of embodiments of PH stainless steel 
endodontic ?le instruments according to the present inven 
tion are provided herein by providing examples of embodi 
ments of such PH stainless steel alloys, and by providing 
examples of embodiments of such ?le instruments together 
With examples of their dimensions and shapes. Examples of 
embodiments of methods for the manufacture of PH stain 
less steel endodontic ?le instruments are provided herein by 
providing examples of processes for the manufacture of such 
?les using PH stainless steel alloys. 

[0056] In addition to “precipitation hardenable”, other 
conventional terms that are used in connection With the 
stainless steel alloys of the present invention are “precipi 
tation hardening” and “precipitation hardened”. For conven 
tional terms and techniques concerning stainless steels, see 
ASM Specialty Handbook, Stainless Steels, J. R. Davis 
(ed.), ASM International The Materials Information Society, 
pp. 6-10, 34-36, 59-61, 321 (1994), Which is hereby incor 
porated herein by reference. The terms “precipitation hard 
enable” are preferred in the context of this invention because 
it has been discovered that the most preferred form of the 
stainless steel used in manufacturing embodiments of the 
present invention possesses the desired mechanical proper 
ties Without requiring What in the art is knoWn by terms such 
as heat hardening, aging and thermal aging. It is Within the 
scope of the present invention to utiliZe stainless steel alloys 
that are hardened by heat as is conventionally done. HoW 
ever, it has been discovered that When endodontic ?le 
instruments are manufactured from PH stainless Without 
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heat hardening the instruments, then the instruments have 
mechanical properties that are more desirable. More par 
ticularly, non-heat hardened instruments have the optimal 
desired balance of ?exibility and rigidity. 

[0057] As indicated above, precipitation hardenable (PH) 
stainless steels are iron-chromium-nickel alloys. Embodi 
ments according to the present invention are manufactured 
With iron-chromium-nickel stainless steels Which optionally 
comprise additional minority constituents. These stainless 
steels comprise from about 10% to about 20% Cr, and from 
about 2% to about 35% Ni. Preferred compositions of such 
alloys comprise from about 12% to about 18% Cr, and from 
about 2% to about 20% Ni. More preferred compositions of 
such alloys comprise from about 12% to about 18% Cr, and 
from about 3% to about 10% Ni. Most preferred composi 
tions of such alloys comprise from about 14% to about 18% 
Cr, and from about 2.5% to about 6% Ni. 

[0058] As is customary in providing compositional infor 
mation, percentages given herein are understood to refer to 
Weight percentages unless it is otherWise indicated. Com 
positions given herein are provided according to conven 
tional practice for stainless steel alloys. See, for example, 
ASM Specialty Handbook, Stainless Steel, cited above. 
According to this s conventional practice, for example, the 
compositions do not refer explicitly to the amount of iron in 
the alloy. 

[0059] PH stainless steel used in the manufacture of 
embodiments of endodontic ?les according to the present 
invention optionally comprise other constituents, such as at 
least one of the folloWing constituents: Mn in amounts up to 
about 2.2%, Si in amounts up to about 1.2%, M0 in amounts 
up to about 3.5%, P in amounts up to about 0.05%, S in 
amounts up to about 0.05%, Cu in amounts up to about 5%, 
Al in amounts up to about 1.6%, Nb in amounts up to about 
1%, Ti in amounts up to about 2.5%, V in amounts up to 
about 0.5%, C in amounts up to about 0.2%, N in amounts 
up to about 0.15%, and B in amounts up to about 0.01%. 

[0060] As indicated above, the most preferred PH stainless 
steels used in the manufacture of embodiments of ?les 
according to the present invention are the martensitic alloys 
knoWn by the designation 17-4PH. An embodiment of such 
17-4PH stainless steels has the folloWing composition: up to 
about 0.07% C, up to about 1.00% Mn, up to about 1.00% 
Si, from about 15.0% to about 17.5% Cr, from about 3.0% 
to about 5.0% Ni, up to about 0.04% P, up to about 0.03% 
S, from about 3.0% to about 5.0% Cu, and from about 0.15% 
to about 0.45% Nb. Another embodiment of such 17-4PH 
stainless steels has the folloWing composition: up to about 
0.07% C, up to about 1.00% Mn, up to about 1.00% Si, from 
about 15.0% to about 17.5% Cr, from about 3.0% to about 
5.0% Ni, up to about 0.04% P, up to about 0.03% S, and from 
about 0.15% to about 0.45% Nb. Still another embodiment 
of such 17-4PH stainless steels has the folloWing composi 
tion: up to about 0.07% C, up to about 1.00% Mn, up to 
about 1.00% Si, from about 15.0% to about 17.5% Cr, from 
about 3.0% to about 5.0% Ni, up to about 0.04% P, up to 
about 0.03% S, and up to about 0.15% Nb. 

[0061] In terms of standard designation in the technology 
of stainless steel, preferred PH stainless steel used in the 
manufacture of embodiments of endodontic ?les according 
to the present invention include PH stainless steels such as 
PHI 5-7 Mo, 17-7PH, AM-350, AM-355, A-286, and JBK 
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75(b). More preferred PH stainless steels used in the manu 
facture of embodiments of endodontic ?les according to the 
present invention include PH stainless steels such as PH13-8 
Mo, 15-5PH, Custom 450, and Custom 455. Embodiments 
of such stainless steels are provided hereinbeloW in the form 
of Examples 1-58. 

[0062] The PH stainless steel endodontic ?le instruments 
according to the present invention may be utiliZed in accor 
dance With any methodology. For example, ?les formed 
from PH stainless steel may be utiliZed in accordance With 
the croWn doWn methodology or the step back methodology. 
HoWever, the PH stainless steel is preferably used to manu 
facture endodontic ?le instruments designed for use in 
accordance With a methodology disclosed in numerous 
patents and patent applications ?led on behalf of Francesco 
Riitano and oWned by Ultradent Products, Inc. of South 
Jordan, Utah. As explained in detail beloW, this methodology 
knoWn as EndoEZe® AETTM (Anatomic Endodontic Tech 
nology) oWned by Ultradent Products, Inc. enables the 
instruments to be used in anatomical conformance With the 
shape of the root canal. US. patents that relate to this 
methodology include US. Pat. No. 6,045,362 entitled Endo 
dontic Methods for Progressively, Sectionally and Anatomi 
cally Preparing Root Canals With Speci?c Instruments for 
each Section having Predetermined Working Lengths Which 
Was ?led on Jan. 28, 1998; and US. Pat. No. 6,059,572 
entitled Endodontic Methods for the Anatomical, Sectional 
and Progressive Corono-Apical Jun. 3, 1999. US. applica 
tions related to this technology include US. patent applica 
tion Ser. No. 09/492,566 entitled Endodontic Systems and 
Methods for the Anatomical, Sectional and Progressive 
Corono-Apical Preparation of Root Canals With Minimal 
Apical Intrusion Which Was ?led on Jan. 27, 2000; US. 
patent application Ser. No. 09/536,821 entitled Endodontic 
Systems and Methods for the Anatomical, Sectional and 
Progressive Corono-Apical Preparation of Root Canals With 
Instruments UtiliZing Stops Which Was ?led on Mar. 27, 
2000; and US. patent application Ser. No. 09/753,981 
entitled Endodontic System and Methods for the Anatomi 
cal, Sectional and Progressive Corono-Apical Preparation of 
Root Canals With Dedicated Stainless Steel Instruments and 
Dedicated Nickel/Titanium Instruments Which Was ?led on 
Jan. 3, 2001. For purposes of disclosure of the present 
invention, each of the foregoing patents and applications is 
incorporated herein by speci?c reference. 

[0063] The EndoEZe® EndoEZe® AETTM (Anatomic 
Endodontic Technology) of Ultradent Products, Inc. refer 
enced above involves the use of distinct instruments as are 
shoWn in FIG. 1 to clean and shape the anatomical root 
canal in different phases such that the root canal is cleaned 
progressively and sectionally. The instrument(s) associated 
With each phase have been designed speci?cally for that 
particular phase and accordingly have unique customiZed 
characteristics and features. The system of instruments 
shoWn in FIG. 1 are described hereinbeloW in more detail 
after explaining the procedures for completing each phase 
With the different instruments shoWn in FIG. 1. 

[0064] The system of instruments shoWn in FIG. 1 
includes three distinct sets. To appreciate the namenclature 
used for these sets, reference is made to FIGS. 2A-2B and 
3 Which depict a molar 240 in various stages of the root canal 
cleaning procedure. FIG. 2A depicts a root canal 252a being 
cleaned after the overhanging portions of enamel 242 and 



US 2003/0013067 A1 

dentin 244 have been removed to provide access into pulp 
chamber 246 and after the pulp material 250 has been 
removed from pulp chamber 246. The sections of the 
operative root canal being cleaned in FIGS. 2A-2B include 
the operative coronal portion 260 and the operative middle 
portion 262. The apical portion 264 is shoWn being cleaned 
in FIG. 3. 

[0065] The operative coronal portion 260 essentially 
includes the access cavity Walls doWn to the ?oor 256 of 
pulp chamber 246. The operative middle portion 262 is the 
upper portion of the anatomical root canal While the apical 
portion 263 is the loWer portion of the anatomical root canal. 
Atypical apical portion 264 is the last or bottom 3 mm of the 
anatomical root canal. For example, the apical portion 264 
of root canal 252a extends 3 mm above apex 254a. 

[0066] The three distinct set of instruments are namely a 
set of instruments for cleaning the operative middle portion 
identi?ed as operative middle portion set 10; an optional set 
of instruments used to improve access into the apical root 
portion identi?ed as optional set 40; and a set of instruments 
for removing and cleaning essentially all pulp material from 
the apical root portion that is identi?ed as apical portion set 
70. FIGS. 2A-2B depict ?le 14a of instrument 10a from 
operative middle portion set 10 being used to clean to clean 
the pulp material from the root canal operative middle 
portion 262 of tooth 240. Once operative middle portion 262 
has been cleaned, then the apical portion 264 is cleaned as 
shoWn in FIG. 3 With one of the instruments from apical 
portion set 70 such as 70d. In some instances, it is necessary 
to use an instruments from optional set 40 before cleaning 
the apical portion in order to Widen the transition from the 
operative middle portion 262 to apical portion 264. 

[0067] The features of each set are provided beloW in 
detail in example 59. It should be understood, hoWever, that 
each instrument has a ?le With a top end extending from a 
handle. File instruments can also be manufactured that are 
just a ?le Without a handle. File instrument 10a has a ?le 14a 
extending from handle 12a. File 14a has a shank portion 16a 
and tines or an abrading portion 19a. The abrading portion 
extends from tip 18a to shank portion 16a. The features of 
the other ?les are similarly numbered. 

[0068] Before utiliZing an instrument from set 10a, the 
practitioner ?rst identi?es the combined length of the opera 
tive middle portion 262 and the operative coronal portion 
260. The practitioner then selects a ?le instrument or a set of 
?le instruments such as set 10 With a ?le length correspond 
ing to the combined length of the operative middle portion 
length and the operative coronal portion. After removing the 
overhanging enamel 242 and dentin 244 With any suitable 
instrument, ?le 14a of ?le instrument 10a is then inserted 
into root canal 252, as shoWn in FIG. 2A, doWn through 
operative middle portion 262 Without extending substan 
tially into apical portion 264. Each ?le 14 of each ?le 
instrument in the set of instruments 10 shoWn in FIG. 1 has 
a length that is only suf?cient to enable the ?le to contact the 
operative middle portion and the operative coronal portion 
of the root canal. Accordingly, a ?le instrument such as ?le 
instrument 10a or a set of ?le instruments such as 10 
comprises a ?rst endodontic instrument means for anatomi 
cally removing and anatomically cleaning essentially all 
pulp material from the operative middle portion Without 
signi?cantly removing pulp material from the apical root 
portion. 
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[0069] The ?le length of ?les 14a-b enables a practitioner 
to aggressively clean the operative middle portion Without 
Worrying that the instrument Will overly thin the root canal, 
perforate the apex or that cleaning Will cause extrusion of 
material through the apex. Another bene?t of cleaning the 
operative middle portion 262 ?rst is that the apical portion 
264 is then generally more accessible and easily cleaned. 
Additionally, since instruments are selected for use in clean 
ing the operative middle portion 262 Which have ?les 
lengths that do not permit entry into the apical portion 264, 
the likelihood of jamming or breaking a tip of an instrument 
While Working in the con?ned space of the apical portion 
262 is prevented. 

[0070] By instrumenting in the operative middle portion 
262 and the operative coronal portion 260 before the clean 
ing the apical portion, the practitioner can use an instrument 
according to the present invention that is relatively ?exible 
compared to the conventional instruments. As shoWn in 
FIG. 2B, Which is a cross-sectional vieW taken along cutting 
line 2B-2B of tooth 240 in FIG. 2A, ?le 14a of ?le 
instrument 10a is sufficiently ?exible to be ?exed against 
any surface of operative middle portion 262 or operative 
coronal portion 260 and yet is sufficiently rigid to remain 
?exed against the surface during a cleaning motion such as 
a longitudinal motion, a rotational motion or a reciprocating 
rotational motion. The ?le is also sufficiently resilient that 
substantial deformation of the ?le does not occur due to the 
forces experienced during cleaning of the pulp material from 
the root canal. 

[0071] File instrument 10a is shoWn in FIGS. 2A-2B 
being moved in a longitudinal movement or up and doWn 
movement as Well as being rotated While ?le 14a is ?exed 
or arched to urge the ?le against the root canal surfaces. As 
shoWn, the con?guration and mechanical properties of the 
?les used to clean the operative middle portion 262, and 
preferably the operative coronal portion as Well 260, enable 
a practitioner to move the ?les around the perimeter or from 
side to side to contact the perimeter. Such movements enable 
the ?le to folloW the contours of the root canal. Further, since 
the ?le is moved around the perimeter, the ?le has more than 
one center of motion during cleaning of the operative middle 
portion of the root canal, such as a pivot point or center of 
rotation, as the tip of the ?le or at least a part of the abrading 
portion does not generally remain primarily in one position. 
While stainless steel is very useful for achieving the versa 
tility in the effective types of motions used in accordance 
With cleaning the operative middle portion 262, greater 
?exibility is achieved When utiliZing an instrument With a 
PH stainless steel ?le. 

[0072] Due manly to the con?guration and mechanical 
properties of the ?les, the contours of the operative coronal 
portion and the operative middle portion can be used during 
their cleaning by a practitioner as a guide for the movements 
of the ?les as the ?les are pushed against the surfaces of the 
root canal and simultaneously moved around the perimeter 
or periphery of the root canal until the practitioner has 
reached the beginning location of the cleaning and shaping 
process. By adapting to the perimetrical or perimetral 
anatomy of the root canal, the entire perimeter or substan 
tially all of the perimeter is contacted and cleaned along the 
length of the perimeter Without substantially altering the 
con?guration of the perimetrical anatomy. For example, in 
root canals that are primarily noncircular, the ?les can be 
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urged along one side and then along the next side Wall in a 
manner such that the resulting cleaned and shaped root canal 
is generally Widened but still primarily noncircular. In other 
Words, there is essentially no borehole that obviously cor 
responds to the shape of the ?le. Also since a perimetrical 
anatomy that Was primarily tubular or laminar Will be 
enlarged but Will still be primarily tubular or laminar, the 
tooth is less likely to be Weakened as compared With prior 
art methodologies. 

[0073] Due to the ability to move the ?le as discussed, the 
anatomy of the root canal remains substantially unaltered 
despite the cleaning of essentially all pulp material from the 
operative middle portion. The understanding that the ?nal 
anatomy is guided by the shape of the original anatomy 
enables a practitioner to more con?dently urge a ?le such as 
?le 14a against all surfaces of root canal 252 and aggres 
sively clean all of the surfaces of operative middle portion 
of the root canal since the likelihood of overly thinning the 
root canal or causing lateral perforations is diminished. 

[0074] Another advantage of the con?guration and 
mechanical properties of operative middle portion instru 
ments, such as ?le 14a shoWn in FIGS. 2A-2B, is that the ?le 
can simultaneously abrade both operative coronal portion 
260 and operative middle portion 262. The ?les can simul 
taneously abrade both portions as each ?le has an abrading 
portion along the entire length of the ?le. Aprimary bene?t 
of simultaneously abrading both portions is the ability to 
further straighten the operative coronal portion 260 While 
cleaning the operative middle portion 262. 

[0075] Use of ?les in the operative middle portion Which 
have an abrading portion along their entire length or along 
substantially all of their length such as abrading portions 
19a-b is in contrast to ?les formed in accordance With ISO 
standardiZation. ISO standardiZed ?les have abrading por 
tions of up to 16 mm and the remainder of the ?le is a 
smooth shank. portion beyond the anatomical root canal. 
Since such ?les frequently fail to remove interferences 
extending from the access or root chamber above the ana 
tomical root canal, the instrument that is manufactured With 
conventional materials must bend around the interferences, 
thereby further increasing the likelihood of Wall perfora 
tions, overthinning and failing to clean signi?cant portions 
of the canal. It especially increases the likelihood of iatro 
genic modi?cations resulting from the tip of the ?le. Manu 
facture of ISO standardiZed endodontic ?les according to the 
present invention should diminish the detrimental incidence 
of their de?ciencies in endodontic practice. 

[0076] File instrument 10a is preferably used in conjunc 
tion With an endodontic handpiece designed for movement 
of endodontic ?le instruments as shoWn in FIG. 2A at 100. 
The endodontic handpiece 100 and ?le 10a are draWn in 
phantom lines to represent the ability of the PH stainless 
steel ?le to be moved and ?eXed as root canal 252a is 
cleaned. File instrument 10a can be continuously rotated in 
one direction only or ?le instrument 10a can be rotated in a 
reciprocating motion such that ?le instrument 10a rotates for 
eXample, clockWise for half of a revolution and then coun 
terclockWise for half a revolution. A reciprocating motion is 
preferred as such motion enables the ?le to alternately 
engage material 250 and the Walls of the operative middle 
portion of the root canal in a manner that removes material 
250 and to then rotate in the opposite direction such that the 
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?le less aggressively engages material 250 and the operative 
middle portion Walls, depending on the ?le design. Accord 
ingly, rotating ?le instrument 10a in a reciprocating motion 
minimiZes breakage of ?le 14a When ?le 14a encounters a 
surface that prevents rotation of ?le instrument 10a in a 
direction that enables cleaning and removal of material 250. 
Breakage is further minimiZed by the use of embodiments of 
PH stainless steel ?le instruments due to the mechanical 
properties of the PH stainless steel alloys, particularly When 
not subjected to hardening. File instrument 10a can also be 
vibrated or manipulated by hand. Hand milling is, hoWever, 
more dif?cult and time consuming. The optional stop 140 
shoWn being utiliZed is generally not necessary since the ?le 
length can be selected to correspond closely With the com 
bined length of the operative coronal portion and the opera 
tive middle portion. 

[0077] As indicated above, it may be necessary in some 
circumstances to improve the access into the apical root 
portion before cleaning the apical root portion of the root 
canal. More particularly, it may be bene?cial or necessary to 
Widen the tract of the root canal to provide access for thin 
irrigation needles. This may be achieved by Widening the 
transition betWeen the operative middle portion 262 and the 
apical portion 264 or by Widening the entire apical portion 
such that a thin irrigation needle can access the apical 
portion as needed. Thin irrigation needles typically have a 
diameter no smaller than about 0.30 mm so it may be 
necessary to increase the diameter of portions of the root 
canal up to about 0.35 mm or even up to about 0.40 mm, 
particularly Within the region of the boundary betWeen the 
operative middle portion and the apical root portion. Note 
that the diameter need only be slightly larger than a thin 
irrigation needle in order to provide adequate access. 
Improving access into the apical portion not only enables 
such irrigation needles to move as needed, it also reduces the 
likelihood that the thin irrigation needles Will be blocked. 
Although FIG. 3 depicts ?le 74d inserted into apical portion 
264 of root canal 252a cleaning the apical portion, use of 
instruments 40a or 40b of optional set 40 is achieved in 
essentially the same fashion. When utiliZed to Widen the 
access into the apical root portion of a root canal, ?le 40a is 
?rst introduced folloWed sequentially by ?le 40b. A ?le 
instrument such as ?le instrument 40a or a set of ?le 
instruments such as 40a and 40c comprises a second endo 
dontic instrument means for improving access into the apical 
root portion after the pulp material has been essentially 
removed from the operative middle portion by the ?rst 
endodontic instrument means. 

[0078] Each ?le instrument 70a-1 comprises a handle 
72a-1 connected to a ?le 74a-1. Each ?le 74 has a top end 
Where the ?le joins handle 72. When utiliZed to clean the 
apical root portion of a root canal, one ?le such as 70b or 70c 
is ?rst introduced into the apical root portion folloWed by 
then neXt larger ?le such as 70c or 70d. Each ?le terminates 
at a tip 78a-1 located opposite the top end of the ?le. Tips 
78a-1 can have any con?guration, hoWever, tips 78a-1 
preferably have minimal cutting capability to decrease the 
likelihood of ledging such as the tips shoWn in FIGS. 8-9. A 
?le instrument such as ?le instrument 70a or a set of ?le 
instruments such as 70a-1 comprises a third endodontic 
instrument means for removing and cleaning essentially all 
remaining pulp material from the apical root portion after 
the pulp material has been essentially removed from the 
operative middle portion. 
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[0079] When cleaning the apical portion 264 as shown in 
FIG. 3, the apical root portion ?le instruments are generally 
moved in a different pattern compared to the operative 
middle portion ?le instruments due primarily to the different 
perimeter anatomies of the tWo portions. A root canal 
generally becomes more cylindrical toWards the apical por 
tion such that a root canal With a perimeter anatomy that is 
essentially elliptical in shape Within the operative middle 
portion tapers to an essentially cylindrically shaped perim 
eter anatomy Within the apical portion. 

[0080] An elliptical perimeter anatomy typically requires 
that the practitioner move the ?le around the perimeter 
and/or ?ex the rotating ?le against the surfaces or Walls in 
a milling motion such that the tip is moved to many locations 
around the perimeter. Due to the more cylindrical anatomy 
of an apical root portion, it becomes much less necessary, 
and virtually impossible to ?ex a rotating ?le in a milling 
motion. It is generally adequate to merely rotate the ?le 
Within the apical root portion and/or move the ?le in a 
longitudinal motion. More speci?cally, after the ?le reaches 
the apex or approximately reaches the apex, the ?le is 
preferably moved upWard While simultaneously being 
rotated, and it is WithdraWn in order to be cleaned before 
being reintroduced. Since the instruments used to clean the 
apical portion and to improve the access into the apical 
portion are typically moved by hand, they have a handle 
adapted for such use as shoWn at 42a-b and 72a-72l While 
the instruments used to clean the operative middle portion 
have handles 12a-b adapted for use With an endodontic 
handpiece. 
[0081] Since an apical portion ?le is generally not moved 
around the perimeter as in cleaning the operative middle 
portion, the center of motion, such as the center of rotation, 
of the ?le generally corresponds With the center of the root 
canal. In contrast, the center of motion during cleaning of the 
operative middle portion is at various locations as the ?le is 
moved around the root canal. 

[0082] The ?les used to clean the apical root portion can 
be designed for primarily longitudinal movement, rotational 
movement or combinations thereof Since it is generally not 
necessary to ?ex a ?le When cleaning the apical root portion 
as the apical root portion is typically more round than other 
sections of a root canal, apical root portion ?les need not 
necessarily have the same properties as the operative middle 
portion ?les in terms of ?exibility, rigidity and resilience. 
The ?les used to clean the apical portion are, hoWever, 
preferably suf?ciently ?exible to adjust to the anatomy or 
structure of a root canal in a manner that enables the tip of 
the ?le to reach the apex. The ?les also preferably have 
sufficient rigidity to apply pressure against the Walls or 
surfaces of the root canal as the abrading portion of the ?le 
is urged against the Walls of the root canal and simulta 
neously moved in a cleaning motion even after the ?le has 
moved throughout the length of the root canal. Additionally, 
a ?le con?gured for use in an apical root portion preferably 
has adequate resilience to avoid being substantially 
deformed as the ?le passes through a root canal and also as 
the abrading portion is applied against the Walls of the root 
canal. This combination of ?exibility, resilience and rigidity 
is provided by embodiments of PH stainless steel ?le 
instruments according to the present invention. 

[0083] Aparticular advantage of the use of apical portion 
instruments With ?les formed from PH stainless steel, espe 
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cially a PH stainless steel such as 17-4PH that has not been 
hardened, is the ?exibility of the ?le. Apical portions are 
often curved Which can lead to ledging if the ?le is unable 
to ?ex. The greater ?exibility of PH stainless steel ?les 
enables the ?le to more easily ?ex as compared With 
conventional stainless steel ?les. HoWever, the PH stainless 
steel ?le is more rigid than a nickel/titanium ?le so that it can 
still effectively abrade and clean the apical portion of the 
root canal. In a preferred system such as is shoWn in FIG. 
1, the ?les of set 10 are preferably formed from stainless 
steel While the ?les of set 40 and 70 are preferably formed 
from a PH stainless steel ?le, especially a PH stainless steel 
that has not been subjected to hardening or thermal aging. 
This preferred con?guration results mainly from the high 
need for ?exibility When moving ?les in the apical portion. 

[0084] Files formed from PH stainless steel may have any 
suitable cross-section shape. FIGS. 4A-4J are transverse 
cross-sections of ?les formed from PH stainless steel that 
can be utiliZed in accordance With any methodology. When 
used With the preferred methodology, the ?le may be used to 
clean the operative middle portion, to improve the access to 
the apical root portion or to clean the apical root portion of 
the root canal. While these transverse cross-sections may be 
any section of the ?le, the depicted sections are taken 
through the abrading portion of the various ?les. All of the 
?les in combination With their respective abrading portions 
disclosed herein are examples of means for removing and 
cleaning of pulp material as the ?le instrument is operatively 
moved. Additionally, each abrading portion disclosed herein 
is an example of a means for abrading a root canal. 

[0085] Conventional ?le designs can also be utiliZed 
Within the scope of the present invention. Accordingly, the 
?les are not limited to the designs shoWn in FIGS. 4A-4J. 
The ?les preferably, hoWever, are con?gured in a manner 
such that the potential for breakage is minimiZed. For 
example, a ?le With a square cross-section may be preferred 
over a triangular cross-section as the ?le With a square 
cross-section has a greater mass and is accordingly less 
likely to break. Additionally, a ?le con?gured With tines or 
extensions having Wide angles are generally preferred over 
those With narroW angles. HoWever, the preferred tine con 
?guration depends primarily on the particular use as in some 
instances it is desirable to aggressively cut While in others 
the root can be passively cut. When it is more desirable to 
aggressively cut, it may be preferred for example to utiliZe 
a ?le With relatively narroW tines. 

[0086] FIG. 4J depicts a ?le 310 With a generally square 
shaped transverse cross-section and truncated comers 312. 
Abrasive grit 314 is located on truncated comers 312. 
Similarly such abrasive grit can be located around a ?le 
having any cross-sectional shape and be an effective abrad 
ing portion. 

[0087] The transverse cross-section of a ?le shoWn at 
FIG. 4A corresponds to the tip of a ?le as shoWn in FIG. 
10A. In FIG. 5, a ?le instrument 320 is shoWn cleaning 
operative middle portion 160 of a root canal. Instrument 320 
has a handle 322 connected to ?le 324 formed by machining 
a groove into a PH stainless steel metal blank. 

[0088] FIG. 6 depicts another embodiment of a ?le instru 
ment shoWn at 330. File instrument 330 has a handle 332 
Which is particularly adapted for use With a mechanical 
instrument. The ?le instruments of the present invention can, 
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however, be utilized With any suitable handle con?guration. 
All of the handles disclosed herein are examples of end 
means for grasping and operatively moving a ?le in an 
abrasive action. 

[0089] File instrument 330 further comprises a ?le 334 
Which is preferably used to clean the operative middle 
portion. File 334 has an abrading portion comprising pro 
trusions or barbs 335 at the upper end of the ?le and a 
combination of barbs 335 and knurled surface 337 at the 
loWer end. FIGS. 7-10 are depictions of various tips of ?les 
Within the scope of the present invention. 

[0090] The shapes and dimensions of the embodiments of 
endodontic ?le instruments provided herein are merely 
illustrative, but not limiting, of the variety of endodontic ?le 
instruments that are manufactured according to the present 
invention With PH stainless steels, and most preferably, With 
17-4PH stainless steel. 

[0091] Files comprising PH stainless steel, most prefer 
ably 17-4PH stainless steel, may be manufactured by any 
conventional method for manufacturing endodontic ?les 
such that the ?les appear like conventional K-?les or Hed 
strom-type ?les. For example, a precursor rod may be 
ground to cut lands into its surface such that it has a desired 
taper or shape. Additionally, lands may be cut into a pre 
cursor blank that With a cross-section shape that is round, 
triangular or square such that the ?le appears like ?le 324 
shoWn in FIG. 5. Similarly, a blank having three or four 
sides may be tWisted after being appropriately tapered. Files 
may also have protrusions or barbs such as those shoWn at 
335 in FIG. 6. The ?le may also have a knurled surface as 
shoWn at 337 in FIG. 6 at the loWer end. The precursor blank 
may also be abraded to impart a roughened surface. These 
conventional techniques such as tWisting, cutting and appro 
priately machining a precursor blank to form features such 
as cutting surfaces, abrading surfaces or helical features With 
the appropriate screW periodicity can be utiliZed alone or in 
combination to manufacture PH stainless steel endodontic 
?les. 

[0092] Once the PH stainless steel endodontic ?le has 
been appropriately shaped it is then ready for use. As 
indicated above, conventional techniques teach that such 
stainless steel alloys are aged by thermal treatment to 
increase their hardness. HoWever, it has been discovered in 
the context of the present invention that the process of 
manufacturing PH stainless steel endodontic ?les preferably 
does not include such a thermal aging step. Files manufac 
tured Without such a thermal aging step provide optimal 
characteristics for their effective use in endodontic practice. 

EXAMPLES 

[0093] BeloW are speci?c examples of PH stainless steel 
endodontic ?le instruments and alloys used in their manu 
facture according to the present invention. The folloWing 
hypothetical examples are presented in order to disclose 
additional embodiments of the article of manufacture in the 
form of PH stainless steel ?le instruments. Examples 1-58 
relate to various alloy compositions. Example 59 provides 
detailed information regarding a system of instruments 
formed from these alloy compositions. 

Example 1 
[0094] An embodiment of a preferred stainless steel has 
the folloWing composition: up to about 0.09% C, up to about 
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1.00% Mn, up to about 1.00% Si, from about 14.0% to about 
16.0% Cr, from about 6.5% to about 7.75% Ni, from about 
2.0% to about 3.0% Mo, up to about 0.04% P, up to about 
0.04% S, and from about 0.75% to about 1.50% Al. 

Example 2 

[0095] Another embodiment of a preferred stainless steels 
has the folloWing composition: up to about 0.09% C, up to 
about 1.00% Mn, up to about 1.00% Si, from about 14.0% 
to about 16.0% Cr, from about 6.5% to about 7.75% Ni, 
from about 2.0% to about 3.0% Mo, up to about 0.04% P, 
and up to about 0.04% S. 

Example 3 

[0096] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.09% C, up to 
about 1.00% Mn, up to about 1.00% Si, from about 16.0% 
to about 18.0% Cr, from about 6.5% to about 7.75% Ni, up 
to about 0.04% P, up to about 0.04% S, and from about 
0.75% to about 1.50% Al. 

Example 4 

[0097] Another embodiment of a preferred stainless steel 
has the folloWing composition: from about 0.07% to about 
0.11% C, from about 0.50% to about 1.25% Mn, up to about 
0.50% Si from about 16.0% to about 17.0% Cr, from about 
4.0% to about 5.0% Ni, from about 2.50% to about 3.25% 
Mo, up to about 0.04% P, up to about 0.03% S, from about 
0.07% to about 0.13% N. 

Example 5 

[0098] Another embodiment of a preferred stainless steel 
has the folloWing composition: from about 0.07% to about 
0.11% C, from about 0.50% to about 1.25% Mn, up to about 
0.50% Si, to about 16.0% to about 17.0% Cr, from about 
4.0% to about 5.0% Ni, from about 2.50% to about 3.25% 
Mo, up to 0.04% P, and up to about 0.03% S. 

Example 6 

[0099] Another embodiment of a preferred stainless steel 
has the folloWing composition: from about 0.10% to about 
0.15% C, from about 0.50% to about 1.25% Mn, up to about 
0.50% Si, from about 15.0% to about 16.0% Cr, from about 
4.0% to about 5.0% Ni, from about 2.50% to about 3.25% 
Mo, up to about 0.04% P, up to about 0.03% S, and from 
about 0.07% to about 0.13% N. 

Example 7 

[0100] Another embodiment of a preferred stainless steel 
has the folloWing composition: from about 0.10% to about 
0.15% C, from about 0.50% to about 1.25% Mn, up to about 
0.50% Si, from about 15.0% to about 16.0% Cr, from about 
4.0% to about 5.0% Ni, from about 2.50% to about 3.25% 
Mo, up to about 0.04% P, and up to about 0.03% S. 

Example 8 

[0101] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.08% C, up to 
about 2% Mn, up to about 1.00% Si, from about 13.5% to 
about 16.0% Cr, from about 24.0% to about 27.0% Ni, from 
about 1.0% to about 1.5% Mo, up to about 0.025% P, up to 
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about 0.025% S, from about 1.90% to about 2.35% Ti, up to 
about 0.35% Al, from about 0.10% to about 0.50% V, and 
from about 0.0030% to about 0.0100% B. 

Example 9 

[0102] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 1.90% to about 2.35% Ti, 
up to about 0.35% Al, and from about 0.10% to about 0.50% 
V. 

Example 10 

[0103] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 1.90% to about 2.35% Ti, 
up to about 0.35% Al, and from about 0.0030% to about 
0.0100% B. 

Example 11 

[0104] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 1.90% to about 2.35% Ti, 
from about 0.10% to about 0.50% V, and from about 
0.0030% to about 0.0100% B. 

Example 12 

[0105] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, up to about 0.35% Al, from about 
0.10% to about 0.50% V, and from about 0.0030% to about 
0.0100% B. 

Example 13 

[0106] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 1.90% to about 2.35% Ti, 
and up to about 0.35% Al. 

Example 14 

[0107] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.00% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 1.90% to about 2.35% Ti, 
and from about 0.10% to about 0.50% V. 
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Example 15 

[0108] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, up to about 0.35% Al, and from about 
0.10% to about 0.50% V. 

Example 16 

[0109] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 1.90% to about 2.35% Ti, 
and from about 0.0030% to about 0.0100% B. 

Example 17 

[0110] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, up to about 0.35% Al, and from about 
0.0030% to about 0.0100% B. 

Example 18 

[0111] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, from about 0.10% to about 0.5% V, 
and from about 0.0030% to about 0.0100% B. 

Example 19 

[0112] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, and from about 1.90% to about 2.35% 
Ti. 

Example 20 

[0113] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, and up to about 0.35% Al. 

Example 21 

[0114] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si from about 13.5% to 
about 16.0% Cr, from about 24.0% to about 27.0% Ni, from 
about 1.0% to about 1.5% Mo, up to about 0.025% P, up to 
about 0.025% S, and from about 0.10% to about 0.50% V. 
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Example 22 

[0115] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
up to about 0.025% S, and from about 0.0030% to about 
0.0100% B. 

Example 23 

[0116] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.08% C, up to 
about 2.00% Mn, up to about 1.00% Si, from about 13.5% 
to about 16.0% Cr, from about 24.0% to about 27.0% Ni, 
from about 1.0% to about 1.5% Mo, up to about 0.025% P, 
and up to about 0.025% S. 

Example 24 

[0117] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 2.15% Ti, up 
to about 0.25% Al, up to about 0.27% V, up to about 
0.0015% B. 

Example 25 

[0118] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 2.15% Ti, up 
to about 0.25% Al, and up to about 0.27% V. 

Example 26 

[0119] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% V, up to about 0.002% S, up to about 2.15% Ti, up 
to about 0.25% Al, and up to about 0.0015% B. 

Example 27 

[0120] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 2.15% Ti, up 
to about 0.27% V, and up to about 0.0015% B. 

Example 28 

[0121] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 0.25% Al, up 
to about 0.27% V, and up to about 0.0015% B. 

Example 29 

[0122] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
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about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% B, up to about 0.002% S, up to about 2.15% Ti, and 
up to about 0.25% Al. 

Example 30 

[0123] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 2.15% Ti, and 
up to about 0.27% V. 

Example 31 

[0124] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 2.15% Ti, and 
up to about 0.0015% B. 

Example 32 

[0125] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 0.25% Al, and 
up to about 0.0015% B. 

Example 33 

[0126] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 0.27% V, and 
up to about 0.0015% B. 

Example 34 

[0127] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, up to about 2.15% Ti, and 
up to about 0.27% V. 

Example 35 

[0128] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, and up to about 0.25% Al. 

Example 36 

[0129] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, and up to about 0.27% V. 

Example 37 

[0130] Another embodiment of a preferred stainless steel 
has the folloWing composition: up to about 0.015% C, up to 
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about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, up to about 0.002% S, and up to about 0.0015% 
B. 

Example 38 

[0131] Another embodiment of a preferred stainless steel 
has the following composition: up to about 0.015% C, up to 
about 0.05% Mn, up to about 0.02% Si, up to about 14.5% 
Cr, up to about 29.5% Ni, up to about 1.25% Mo, up to about 
0.006% P, and up to about 0.002% S. 

Example 39 

[0132] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 0.10% Mn, up to about 0.10% Si, from about 
12.25% to about 13.25% Cr, from about 7.5% to about 8.5% 
Ni, from about 2.0% to about 2.5% Mo, up to about 0.01% 
P, up to about 0.008% S, from about 0.90% to about 1.35% 
Al, and up to about 0.1% N. 

Example 40 

[0133] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 0.10% Mn, up to about 0.10% Si, from about 
12.25% to about 13.25% Cr, from about 7.5% to about 8.5% 
Ni, from about 2.0% to about 2.5% Mo, up to about 0.01% 
P, up to about 0.008% S, and from about 0.90% to about 
1.35% Al. 

Example 41 

[0134] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 0.10% Mn, up to about 0.10% Si, from about 
12.25% to about 13.25% Cr, from about 7.5% to about 8.5% 
Ni, from about 2.0% to about 2.5% Mo, up to about 0.01% 
P, up to about 0.008% S, and up to about 0.01% N. 

Example 42 

[0135] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 0.10% Mn, up to about 0.10% Si, from about 
12.25% to about 13.25% Cr, from about 7.5% to about 8.5% 
Ni, from about 2.0% to about 2.5% Mo, up to about 0.01% 
P, and up to about 0.008% S. 

Example 43 

[0136] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.07% C, up 
to about 1.00% Mn, up to 1.00% Si, from about 14.0% to 
about 15.5% Cr, from about 3.5% to about 5.5% Ni, up to 
about 0.04% P, up to about 0.03% S, from about 2.5% to 
about 4.5% Cu, and from about 0.15% to about 0.45% Nb. 

Example 44 

[0137] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.07% C, up 
to about 1.00% Mn, up to 1.00% Si, from about 14.0% to 
about 15.5% Cr, from about 3.5% to about 5.5% Ni, up to 
about 0.04% P, up to about 0.03% S, and from about 2.5% 
to about 4.5% Cu. 
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Example 45 

[0138] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.07% C, up 
to about 1.00% Mn, up to 1.00% Si, from about 14.0% to 
about 15.5% Cr, from about 3.5% to about 5.5% Ni, up to 
about 0.04% P, up to about 0.03% S, and from about 0.15% 
to about 0.45% Nb. 

Example 46 

[0139] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 1.00% Mn, up to about 1.00% Si, from about 14.0% 
to about 16.0% Cr, from about 5.0% to about 7.0% Ni, from 
about 0.5% to about 1.0% Mo, up to about 0.03%, up to 
about 0.03% S, from about 1.25% to about 1.75% Cu, and 
at least about 0.4% Nb. 

Example 47 

[0140] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 1.00% Mn, up to about 1.00% Si, from about 14.0% 
to about 16.0% Cr, from about 5.0% to about 7.0% Ni, from 
about 0.5% to about 1.0% Mo, up to about 0.03% P, up to 
about 0.03% S, and from about 1.25% to about 1.75% Cu. 

Example 48 

[0141] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 1.00% Mn, up to 1.00% Si, from about 14.0% to 
about 16.0% Cr, from about 5.0% to about 7.0% Ni, from 
about 0.5% to about 1.0% Mo, up to about 0.03% P, up to 
about 0.03% S, and at least about 0.4% Nb. 

Example 49 

[0142] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 1.00% Mn, up to 1.00% Si, from about 14.0% to 
about 16.0% Cr, from about 5.0% to about 7.0% Ni, from 
about 0.5% to about 1.0% Mo, up to about 0.03% P, and up 
to about 0.03% S. 

Example 50 

[0143] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 0.50% Mn, up to about 0.50% Si, from about 11.0% 
to about 12.5% Cr, from about 7.5% to about 9.5% Ni, up 
to about 0.50% Mo, up to about 0.04% P, up to about 0.03% 
S, from about 1.5% to about 2.5% Cu, from about 0.8% to 
about 1.4% Ti, and from about 0.1% to about 0.5% Nb. 

Example 51 

[0144] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 
to about 0.50% Mn, up to about 0.50% Si, from about 11.0% 
to about 12.5% Cr, from about 7.5% to about 9.5% Ni, up 
to about 0.50% Mo, up to about 0.04% P, up to about 0.03% 
S, from about 1.5% to about 2.5% Cu, and from about 0.8% 
to about 1.4% Ti. 

Example 52 

[0145] Another embodiment of a more preferred stainless 
steel has the folloWing composition: up to about 0.05% C, up 


















