1 SELF ADJUSTI NG I NSTRUMENT Field of the Invention
The present invention is related to the field of
tools. Specifically the present invention relates to
an instrunent for cleaning and/ or shapi ng and/ or

wi deni ng a channel, existihg in or through a solid
obj ect. Background of the Invention Publications and
other reference materials referred to herein,
including references cited therein, are incorporated
herei n by reference in their entrrety and are
nunmerically
respecti vel ’ : bR
whi ch imediately precedes the clarns There are many
situations in which it is required to use an
instrunent for cleaning out and/ or shaping and/ or

wi deni ng a channel that exists in or passes through a
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canal treatnment consists of two stages
wideniBa @l dhhnrRNtexibteningr ehrddith 4 Qelidepjat. and (b)
obturation of the canal space. The first stage is
aimed at renoving all tissue remants, shaping the
canal space and disinfecting it, while the second
Backtagandsofithedn&ensial i ng t he root canal and
preventing its recontam nation. Failure to achieve
Publkedthers endt bttse pefatenceaynatesisls refer?ed pr dies¢iantincluding
api cal periodontitis - associated with periapical bone
referepses ptitesh thareinocoesineraporatedhhenéio byppefea¢neen in their

entirety and are numerically referenced in the following text and
respectively grouped in the appended Bibliography which immediately

precedes the claims.

There are many situations in which it is required to use an instrument for
cleaning out and/or shaping and/or widening a channel that exists in or
passes through a solid object. One of the best examples illustrative of the
problem and of the shortcomings of the prior art is from the field of dental
mstruments, specifically root canal procedures. Root canal procedure is one
of the most demanding tasks for a dental surgeon. Root canal treatment
consists of two stages: (a) shaping, cleaning, and widening of the root canal
and (b) obturation of the canal space. The first stage is aimed at removing
all tissue remnants, shaping the canal space and disinfecting it, while the
second stage is aimed at sealing the root canal and preventing its

recontamination. Failure to achieve either of those goals may result in




In the sinplest case, in which the canal is relatively
straight and has a relatively uniformcircular
cross-section, the work is carried out by starting
with a snmall dlaneter instrument (known as a dental
file) and replacing it w 2h a series of increasingly
arger dianeter files until the desired fina
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traigh u the conventional stainless stee
f??%%@%ﬁhqrékﬁgpuﬁﬁﬁﬁﬁﬁﬁ #0Result in a poor quality of
treatment. In cases in which the curvature is not too
great, nickel titaniumalloy files are able to adapt
udi nak . curvature of.
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results in a canal that is either not completely cleaned out or one having a
circular cross-section, the uniform diameter of which is at least as large as

the maximum width of the original canal.

The anatomy of a tooth is shown in Fig. 1. Topographically tooth 1 is divided
into two sections. The crown 2, covered by enamel 4, is the visible part of the
tooth. The root 3 is below the gums and anchors the tooth in place in the jaw
bone. Within the dentin 6, which comprises the principal mass of the tooth,
is located the pulp chamber 5 and one or more root canals 7, both of which

are filled with pulp 8.




the root canals are wi dened. Then (Fig. 2C) the cana
systemis shaped, cleaned, and w dened, renoving al
pul p particles and infection. In a final step (not
shown in the figures) the clean and disinfected root
canal s are obturated. Endddontic failures are nore
acknow ed
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This represents, most probably, a poor quality of treatment (1);
nevertheless, it may also represent a basic flaw in the common approach to
root canal treatment. Root canals are usually perceived as having a
gradually tapering diameter with a round cross section (Fig. 3A). This may
be true for many upper anterior teeth; however, it is far from reality in
many of the bicuspids and molars. In these teeth ribbon-like root canals,
with a flat cross section (Fig. 3B) are common (2). The flat dimension of
these canals is at the bucco-lingual plane, which is not seen on a radiograph,
and usually has its maximal width at 5 mm from the apex. This anatomy is
especially pronounced in the second upper bicuspids, in distal roots of lower
molars, as well as in many canines and lower incisors. Additionally, canals
with a tear-shaped cross section (Fig. 3C) are common in roots that have two

canals, such as the mesial roots of lower molars and those of upper first




peri api cal radiograph is one of the reasons for the
comon mi sconception and presents a nmajor obstacle in
achi eving the goal of high quality endodontic
treatnment. The traditional, common, approach for
cl eani ng, widening, and shdping root canals utilizes
. hand files having round cross-sections and a
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This common concept is based on the image of a root canal that has a round
cross section, which may gradually be enlarged by round files to the shape of
a standardized master cone. Although suitable for anterior teeth, when
applied in many posterior root canals, this approach may often lead to
failure. Cleaning, widening, and shaping a flat root canal with round files
will frequently leave a remaining buccal and/or lingual recesses along the
root canal filling, untouched and full of tissue remnants, bacteria, or both
(3,4). This will inevitably result in failure. Recent studies indicate that this

problem is much more common than previously appreciated (2, 3).




| ength and dianeter as the canal is cleaned out from
the top to the bottom Wen the root canal curves it
is only possible to follow the curvature by
i ncreasing the dianeter of the canal. This problemis
illustrated in Fig. 5A. 1P the curvature of the cana
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The hand-held stainless steel instruments are currently gradually being
replaced by nickel titanium rotary files. As in the case of K-files, current
leading nickel titanium rotary files are used as series of instruments with
gradually enlarging diameters but, unlike the stainless steel files, are able
to adapt longitudinally to the canal shape. Nickel titanium rotary files are
more efficient and allow the operator to complete a case in a somewhat
shorter time. Unfortunately, this efficiency has a price: the prepared canal
is of a perfect round cross section and the cleaning of the recesses in flat and

tear-shaped canals is not dene.




by enl argenent for root canals having round, flat, and

t ear - shaped cross- sections is shown schematically in

Figs. 6A, 6B, and 6C respectively. Such enlargenent

coul d not be safely done in bent root canals with

traditional stainless ste®l instrunents because of

their rigidity (3). Rotary nickel titaniumfiles nade
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in many cases the diameter required to really include the recesses is so

large that it will cause a perforation of the canal wall (2) (see Fig. 6B and

Fig. 6C).

The issue of cleaning, widening, shaping, and obturation of root canals with
non-round cross sections does not currently have an adequate, efficient

solution.

It is therefore a purpose of the current invention to provide an instrument
that is capable of changing its interior volume, contour, or both during use
in cleaning and/or shaping and/or widening a channel, existing in or through
a solid object, in order to shape itself to the channel’s three-dimensional

contour.




It is another purpose of the current invention to
provi de an endodontic file whose contour varies
during use thus allowing the use of a single file for
an entire root canal procedure. It is yet another
pur pose of the current invéntion to provide an
.endodontic instrunment that is sufficiently flexible
It istanathppwurpose obtlp curtess|ipventagitourionidd gntandodentic file
curvatyre of the root canal, up to its apical end. It .
thatj s eapnie off leamiae pod ipg vaderim rogivepralsnhayng
. lﬂrov%gf an endodontic file that requires
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further purpose of the current invention to provide an
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ummary o nventi on The present invention can be
realized in many different enbodi nents and has
applications in many fields in which it is necessary
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illustrate the many advantages of the instrunent of
the invention over existing tools, a specific
enbodi nent of the invention for use in dental root
canal treatnent, one of the nbst demandi ng
applications for instruments of this type, has been
chosen as an illustrative and non-limting

It is another further purpose of the current invention to provide an
endodontic file that requires significantly less time to perform root canal

treatments than existing instruments.

It is a still further purpose of the current invention to provide an endodontic
instrument that is significantly easier to use and has a significantly shorter
learning curve than existing instruments used to perform root canal

treatments,

Further purposes and advantages of this invention will appear as the

description proceeds.
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exanpl e to be described herein. In one aspect the
present invention is an instrunent for cleaning and/or
shapi ng and/ or wi dening a channel that exists in or
through a solid object. The instrunment is capabl e of
changing its interior volude, contour, or both during
use in order to shape itself to the channel's three-
Summarysobthe Inygngion of the channel. The instrunent of

the invention is haracteri,zed in that it i .lon
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used such that during the procedure of cleaning
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instawments of thimtesd, Hasdrenbosemaveth flhatritice walllnodtlitditing
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dimensional contour of the channel. The instrument of the invention is

characterized in that it is a long narrow balloon, which is inserted into
the channel and then inflated. A rod or wire can be inserted into the
interior of the balloon and attached at the distal end.

At least a part of the outer surface of the balloon can be coated with a
coating of an abrasive material, thereby allowing the instrument to
remove material from the wall of the channel when relative motion takes
place between the outer surface and the wall. In some embodiments the
relative motion is translational motion. The abrasive material can be
diamond powder, titanium nitride, or tungsten carbide.

The instrument of the invention can be designed and used such that
during the procedure of cleaning and/or shaping and/or widening the
channel, either a relatively uniform amount of material or a different
amount of material can be removed from the wall of the channel along
the entire insertion length of the instrument in the channel. As a result
of the design of the instrument the cross-sectional shape of the channel,




I n anot her aspect the invention is a nethod of using
the instrunment of the invention for cleaning and/or
shapi ng and/ or wi dening a channel that exists in or
through a solid object. The nethod conprises the
following steps: - insert®ng the instrunent into the
channel; - inflating the instrunent; - causin
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- deflating and removing the instrument from the channel when the

cleaning and/or shaping and/or widening have been completed.

All the above and other characteristics and advantages of the invention will
be further understood through the following illustrative and non-limitative
description of preferred embodiments thereof, with reference to the

appended drawings.

Brief Description of the Drawings

- Fig. 1 shows the anatomy of a tooth;

- Figs. 2A to 2C illustrate the major steps of the root canal procedure;

- Figs. 3A to 3C show root canals having different cross sectional
shapes;

- Fig. 4 shows a set of stainless steel K-files;

- Figs. A to 5D show some of the problems encountered in using prior
art files to perform root canal treatments;

- Figs. 6A to 6C show the stages, according to the prior art, in

preparing root canals having different cross sectional shapes;




flattened-out, views of the instrument of the

i nvention; - Figs. 8A and 8B show cross-sectiona

views of the instrunent of the invention before being
inserted into the root canal and inside a tear shaped
canal respectively; - Figd0 9A 9B, and 9C show
schematically the preparation of a root canal, using
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peitas iskkertédnptto thbepiel@nidustithalroakisnaly ahdat poi nt.
Rotation of a given radial axis around its origin
-deFigwesiiAe tb otali zhdw' readissecplonse’'of dkemples edft iddfferent
essentially parallel to the longitudinal direction

wi émnbbdirkamtsrnfahe inbiguhartgifithdiine¢ntdomect i on" and t he
direction essentially paral lel to one of the radi al

axes will be known as the "radial direction". Because
t he | nstrurrent of the i nventl on_conforns to the shape
Detatled of| Breferzed Bmbodiments pe used to

descrl be the rincipal , axes of the instrunent
In general, the chanr?els to b% widened and/or cleaned and/or shaped by the

instrument of the invention are relatively long and narrow. These channels
will be described hereinbelow in terms of a single “longitudinal axis”, which
is the line defined by the loci of the center points of the channel along its
length, and a multitude of “radial axes”, wherein each such radial axis is
defined by a line originating at a point on the longitudinal axis and
perpendicular to the longitudinal axis at that point. Rotation of a given
radial axis around its origin defines the localized “radial plane”. The
direction essentially parallel to the longitudinal direction will be known as
the “longitudinal direction” and the direction essentially parallel to one of
the radial axes will be known as the “radial direction”. Because the
instrument of the invention conforms to the shape of the canal similar

terminology will be used to describe the principal axes of the instrument.




The instrunent of the invention can be inserted

conpletely to the end of the channel or only

partially into the channel, in which case only part of

the channel will be w dened and/or shaped and/or

cl eaned. The length of thédl instrument that is

inserted into the channel is known as the "insertion
The u@‘itgvmenmf the mv&ntmrs gam theiingeried chmpletsn t@fthe I@@d of the

nnel that wor ked by the instrunent.
anr}q?ﬁt P %m%bf I%hthe ﬁhﬁaﬂplx én whigh ICéSbenbh @art of the

e %mé)ééfsr“ fingn ot el Ths dseeingg the
instiERY FAL 151noHEeRHBB0ONG CLFRBEL iBROVE dehthe “insertion

tenghf) GlldiCBym SR8 alRRhGL b BodgtForie (s SRt B ~iked on
b tl‘gé]ir%lﬂ?u 85Lon. Wiile current leading rotary files nust
Y as series of instrunments with gradually

enl arging dianeters, the SAF is used as a single
i nstrunment for the whole procedure. Wien inserted into

s h 1Ilﬁ§f1‘a‘eiv%a'b%1|t nmqmtaa%n%kaﬁiﬂmfeﬁhé Inbt§Snd2BF the

its own nom nal di anet er, the instrument 1's
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adapt itself to the cross-sectional shape of

treatthettiewtibbaldekdrileat herdiaBeldlw, pl ane al ong t he
| ongi tudi nal axis of the canal. Rotating in the canal
it renoves tissue and debris fromthe canal and the
canal wall. As the debris 1is renpved fromthe canal
The wakferred enshquément aftthe pndpdortyc aistrimmefAFofcihes asrenition,
to gradually expand with tinme in the radial direction
knowhi heretomsi theaSAF (sedf mdjustimg) fdehimet ratiath nikkelctibahium
wal | at every pojnt. Thus material is uniform
instrusnenieaf Areriguaslegign.i Mhilagursens leading dﬂ@ryﬁﬁéslmuﬁ%be
desired nom nal dianmeter is achieved. 12 A preferred
usedop) seF1RE AF Testrumentawith sypdually @é,%@@nﬁéhym%ers, the SAF

rspecti
is us%ﬁ a3 a sfng\fe instrument for the whole procedure. When inserted into a

narrow canal, whose nominal diameter is less than its own nominal
diameter, the instrument is compressed, its superelastic property allowing it
to adapt itself to the cross-sectional shape of the walls of the canal in each

radial plane along the longitudinal axis of the canal. Rotating in the canal it |
removes tissue and debris from the canal and the canal wall. As the debris
is removed from the canal wall, the super elastic property of the SAF causes
it to gradually expand with time in the radial direction while continually
maintaining contact with the canal wall at every point. Thus material is
uniformly removed from the dentinal walls of the canal until the desired

nominal diameter is achieved.




front, and flattened out, views in Figs. 7A, 7B, and
7C. The SAF 10 is made of a nickel titanium all oy
(Nitinol) and originally is given a cylindrica
shape. The walls of the upper end, the neck 12, are
solid and are gripped by 1@ither the dental hand piece
or are attached to a handl e for manual use. The main
A prpferredfenabedibvng off then SAINEs ishowm sesnectivaln e edrpRective,
structure made up of longitudinal elenents 14, that
front; gnd; hatteaed ont.oriemsdn; Kigdr GhedB, Bndm Gebke SAF" 10s rgade
- and, short circupferential. el enents t hat, connect. .
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i tinol cylinder s constrained in a nold an eat
longfth &Rl delbmeRitY.CTd thb ifrefdIRB® oTEHETiYh it ORI iNiHeCigures,
changing its shape to cylindrical-conic. The surfaces
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with the walls of the canal are treated in sone way
theirt andefirineed Redbet ard apey of areireld.aln br eadibhlaab |coasaining
the instrunment rotates. One possible treatnent is to
circuewierentiel slendatesthe dincianfabntisl ekeme@itarthat lietiohthas, plane
for exanple, dianond powder, titaniumnitride, and
definteutltys ceossesmchiode] shhpe ofithe ingtmueentdemtthat plane.t Beth the
canal wall by friction as the SAF is rotated, thus
circughfeaentigl andtlongitudinad etgmentsizavasiftid rettangulapblade-like
canal . In other enbodinents, the surfaces in contact,
crossypegtiamedfier| menufactueantie Nitingd cxlindends wosatigined in a
oughened surfaces cqnprising, for exanple nuperous
mold; Hﬂqaéetrﬁat@é torgiye it seshppesmeRaqyy pUopertiyayaply, changing

) t hese surfaces can conprise a cutting edge
its shape to c;?lmc?mca -conic, mw g edg

The surfaces of the instrument of the invention that are in contact with the
walls of the canal are treated in some way to enable them to remove
material from the wall as the instrument rotates. One possible treatment is
to coat the surfaces with an abrasive material such as, for example,
diamond powder, titanium nitride, and tungsten carbide, that will remove
dentin from the canal wall by friction as the SAF is rotated, thus cleaning
out and enlarging the inside of the root canal. In other embodiments, the
surfaces in contact with the wall of the canal can be manufactured with
roughened surfaces comprising, for example numerous small teeth as in a

file or a rasp. Alternately, these surfaces can comprise a cutting edge




13 simlar to the edge on a drill bit. In sone

enbodi nents of the instrunent of the invention, the
surfaces in contact with the canal wall can be
relatively snooth and abrasive slurry can be

i ntroduced into the canal 180 be trapped between the
instrunent and the wall. The materjal scraped fromthe

simila to dre edge emmalrifditde same egrbadimene of Hae m$tﬁumﬂ§1t of

| attice structyre of the body. of the F into
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In e debris can al so be renoved
bet“(ﬂeﬁ‘ e‘n§ é’&%e‘%e%&%é?’ﬁ@ canal wall and the

instrunent. The design allows for fluids, such as
ant iseptic or saline solution, to continuously flow
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ow al so 1 ncreases the ficiency of filing and
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debris. Anot her advantage of hol | ow structure of

embbfBn &MY, ithet ddliris icAntdlgo e réfevedstaofthd Bpade etiveen the
failure and breakage inside the canal, the separated

candlaftalbfaridhehienaistomeht. Thet desig edilavan foanfltklseasichy as
and safely renoved, using specially designed

antiseqiti@ot sakine molutivrt,éo cohtinuphelypdswt indn the bt chnak enther
pi ece of the instrument in the root canal. After part

throoght the cerdwen dfstheeimsianeant] or Heetpidep the olitemearface offthe

' the pulp_ chanber, and _ a sufficient access to the

instosmant pad sbe spneliwale whale the insserment 19 workinge thwpsaving
canal. As the instrunent_ is, pushed intqQ the canal, its

valuahie tiane endcimproying khe idebridemenfunpd dlisistection precedures.

end of the roof canal b
The constant f?ow a{so ?ncreas s the efficiency of filing and prevents

clogging the canal with dentin-mud and debris. Another advantage of the
hollow structure of the SAF is that, in the extreme case of instrument
failure and breakage inside the canal, the separated part of the instrument
of the invention can be easily and safely removed, using specially designed
extractors, no matter what the position of the broken piece of the

instrument in the root canal.

After part of the crown is removed and the pulp is cleaned cut of the pulp
chamber, and a sufficient access to the canal is obtained the SAF is inserted
into the root canal. As the instrument is pushed into the canal, its
superelasticity allows it to be guided to the apical end of the root canal by
following the path of least resistance (through the pulp rather than the




followi ng the path of |east resistance (through the

pul p rather than the 14 nuch harder dentine). Prior

art nickel titaniumfiles can al so adapt thenselves

to the canal shape longitudinally but are unable to

change their volune and ddntour as can the SAF

Additionally the solid structure of the prior art
muchi hezdemidentinemPres dntexicked titamiurnefilasi cow also adapt

lattice-like structure SAF, In Fi 10 i s ,shown the =
thengwtvesdtoptheneanal shapgdengifudinglly bﬂg are adable t:tb chaltlm their

aplcal end of the root nal The nstru now
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nmotions. In the preferred enbodi nent of the invention
the SAF is rotated either manually or by nmeans of a

The ﬁ%}%eﬁ@qg Rb&CRoved rblfivd fbsf< H R cffq,h@trgﬁt céﬁﬁ in order

super elastic property keeps Its elenent
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I'anes along the |l ength " of the Instrunment. Figs

1ongaﬂﬂu%ﬁ $180'0he r1ﬁ§ﬁ'1ﬁﬁ€ﬁ’d eialbeVirRed Olp talhel Hewh! ey cQhal;
the invention outside of and inside a tear shaped

rotatiofhl; Caibahtioeshecs. vied Vinsiifi@nervi @8 b8 édised to vibrate by
cross-sections shown in Fi gs 8A and 8B are in radi al

conrRictingst twhier exangaehas udtrasadndltrghsthecersod acatrddnation of
and contains a single set of circunferenti al

thesel motions. [1Sitheeptdferrmdi embbdirhenSAE thesbmenslonythd SAF is
on the longitudinal axis of the canal, each plane

rotatest evithart snamealiyal o hyf meensaefala aental ghandpigtasAs the
The perineter of the SAF in each of these planes is

1nstrm§@n@p‘0tﬁtes,eﬂ:@qqtsgg‘@n§w%r elagtic p@oger@y lgena@s its elements

| ongi tudi nal el enents,
pressed %gamst the root canal wa 1n a%l?ahe ra ({ planes along the length

of the instrument.

Figs. 8A and 8B show cross-sectional views of the instrument of the
invention outside of and inside a tear shaped root canal respectively. The
views in the cross-sections shown in Figs 8A and 8B are in radial planes
wherein each such radial plane is located at and contains a single set of
circumferential elements. Since the axis of the SAF essentially lies on the
longitudinal axis of the canal, each plane intersects the walls of the canal at
right angles. The perimeter of the SAF in each of these planes is made up of
eight segments - 14a to 14d, the longitudinal elements, and 18a to 18d, the
circumferential elements. The material and structure of the SAF have three

properties that allow it to carry out the desired function. Firstly, the




circunferential elenments. The material and structure

of the SAF have three properties that allowit to

carry out the desired function. Firstly, the 15

superel asticity of the alloy nmakes the device

constructed fromit extreddly flexible, allowing it

to be deforned to conformto the shape of the canal at
superbkaspisiiyt ¢foheaalloghinedkes thes devcatcetstresteshfilom it estremely

di aneter. of the orlghrnal cylindro-caonic state of the

flexibles talloveing it $odrecdetormenate eanformatioetita sbape iof the pamel at
Therefore the stress created in th | oy by t
the pesibiopatt grhich d*mls Jesateds Seremdisn élele\/aélﬁ@qw tof et%@a%gmal
{s.rotated and | astic

cylinglegpsonis, SCHb nghe HESHREERE de dropiet, fhyn gap lamoet of the
canaly e they %‘%ﬁ%ﬁn%g%t% ciry GRS, e by e BFfGRingoR Trom.
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exact Composition o
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el enents to remain I n constant contact wtht

mnewfm of ENE Bargl. THifdlydachSele®ent nib bﬁ/tlbﬁs&ﬂeﬂ éiﬁ@ﬁi@ @uoy
fromthem As the instrunent rotates each of the

has ¢heé prepierte 6f baingehlleantsrdddadseralied epafio8% tonldefgih it's
and shape independently fromthe others, thus the

originzdt shumnt depermlihg bo thonfexmnt tammllmsmbnc af thleapHopf thus
the canal wall. The fact that the circunference of the
allowirgg theemtefrsal dvoeludes of nthe SAR toeinenemtes witlactimef and its
whi ch can independently change shape inparts to the
elen@mits ta rdoyrinanoforfstant bomtatcy with thpiwakly, exeradapnategial is
t he shape of the root canal, and the ability to
contmap%lhdbewgstrez@wqdaﬁrogb‘ésema?xs boy dpgiremantootatessechpf the
files. These properties can_be further |ncreased by
c1rc:15yfepr§pﬁglt plements; Jdantton 186 gchanges in length and “shape

independently from the others, thus the instrument is able to conform to the

local shape of the canal wall.

The fact that the circumference of the instrument is divided into four
elements, each of which can independently change shape imparts to the SAF
a degree of flexibility, an ability to adapt to the shape of the root canal, and
the ability to expand in size that goes far beyond that of existing files. These
properties can be further increased by building the instrument with a
greater number of peripheral elements, however increased flexibility, etc.

will be gained at the expense of the strength of the device.




greater nunber of peripheral elenents, however
increased flexibility, etc. w1l be gained at the
expense of the strength of the device. 16 Thus, in
t he plane shown, as the instrunment rotates, its
cross-sectional shape isl6onstantly changing to
conformto the shape of the canal wall and the lIength
Thusf inhédec planenftheenc@asothe hostdumeans rotatémtitplcrnes-sectional
constantly_ increasing as material is renoved fromthe
shapggis| comstanfly shepsing worprseam tothe peans of dhe eanal wall and
existing files in which e shape of the canal, is
the Lef%ﬁéeﬁg the areumigranceqo H@e éﬂ%{b@ 5t that plape ignepnskantly

LR -

e 431 BT ORI B

contyB il B LESE BB SR B Bl

withFilel %ﬁ\lﬁ%@? 'diérﬁgt rGHANAET t{)] @]te%ﬁn WALy 'sﬁﬁl% Bh&Lad i1
clrcuntere a G]‘ at co eac
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successive set is essentially independent of its

nei ghbors. This behavior explains how the instrunent

The OfedcpBrtidd EALERNhEAINEB& e WRlidd Tof OBRMN sulcbitdld Ofbt of
described herei nabove in which the canal narrows al ong

circuibifdteffial bleindrfRAbfatdAdn! AigferoRs ea®iS] \Wlseed 8Ringt {HR length
apical tip before narrowing again. Because the

of théShEtiendnt, STH® wrlhptatibat &d)thasloeabishgpe ofhithe dédmal and -
amount of material renpved fromthe canal wall, which
changek ih eodtpenasd emgth@fithe rircubheferarsii glustentenits that comprise
revolved, is essentially constant along the entire
each| eregedsivd sd¢this gesentially ohdepandens tof itsergighbats. [This behavior
inserted into the canal. For alnost all cases, the
expldimsi howotle oistrivmedt afether infentinn cantdesdnaithf thencpgnon
. average dianeter, are such that the instrunment of the
situgtpere fepgnbech hernabess gmarhich the eapal eapwy alppgnauch of
) i nstrunment_ to cl ean out . the whole length o t he .
its lemgt) and, ther hacemes, wade Ha; Heapieal bime bpfore nEawWing
.th t . . .
again, %e%léllugé ti%r Ir?s%lgument is moved (rotated) as a single unit, the
amount of material removed from the canal wall, which mainly depends on
how long the instrument is revolved, is essentially constant along the entire

length of the portion of the instrument that is inserted into the canal.

For almost all cases, the deviations of the diameter of the root canal from its
average diameter are such that the instrument of the invention can be
designed to allow use of a single instrument to clean out the whole length of
the canal. In the preferred embodiments of the invention, the outer surface
of the instrument is uniformly treated to enable removal of material from
the wall, in which case essentially the same amount of material will be

removed from the wall of the canal at each radial plane along its entire




of the instrunment is uniformy treated to enable
renoval of material from the wall, in which case
essentially the sane anmount of material will be
renoved fromthe wall of the canal at each radial
pl ane along its entire 1717 ength. However, the
skilled person will know how the instrunment can be

lengthesHgmenennthe skidteddpenson| wilvlmom: hawf theningrpwentogan be

material at different positions al ong the length of
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dianft8FE A eeﬂa\%ﬁﬁl@eé‘ sofal 'diSfhePM £3455 NS céﬂ%ﬂt and a larger

I nstrumen , once i1nserted into the canal S

dianfRiby ¥ (Hds R¥RaRt Th etk lonkd ehecarRe kB 1|ﬂsth§mbﬁt has
be noted that in sone™ cases, the channel to be work

beenOselBatelN€hé RatirY FesniAg, wmemﬁgeah&cyha@wg pPMRhE8 is then
except i onal | y widely varying cross section, in which

carrigdseutmaseigt haly thamdnstsingemewhich)axics gnderftfa@ ri8bé the canal,
nom nal dianeters, will have to be used to shape,

is ondy cehhdesen cltehe dnldeofahici precedaremdt is fhbe potgdithat nnsome
of a root canal, using the self adjusting instrunent

casesf thehehanmeletot howorked lvowsy tkod enstrinmeinit yof BhgsinventiofBpay
and 9C for root canals having round, flat, and

have saexsepipenaldy videlyemrivore crass sectipn.ginywhithecsseymoge than
are a serjes of |mages showi ng the st ages of the

one gstHHNAHE, qq\gpg@ fferpgrd RemEAl n:gangqt@lﬁ;, wilk bave to be used to
procedure. g |rrages range fromthe untreated root

ShaR?faWﬁ epnand gleandhe | at the end of the
procedure on the rlght. Fromt he

The preparation of a root canal, using the self adjusting instrument of the
invention is shown schematically Figs. 9A, 9B, and 9C for root canals having
round, flat, and tear-shaped cross-sections respectively. The figures are a
series of images showing the stages of the cleaning, shaping, and widening
step in the procedure. The images range from the untreated root canal on
the left to the canal at the end of the procedure on the right. From the
figures, it can be seen that the rotating SAF removes a relatively uniform
layer from all inner surfaces of the canal wall and therefore the final shape
of the cleaned out canal (right image) is very close to that of the original
canal. The shaping and widening are done by removing a minimal amount

of the canal wall and therefore without .causing localized thinning of the root




figures, it can be seen that the rotating SAF renoves

a relatively uniform layer fromall inner surfaces of

the canal wall and therefore the final shape of the

cl eaned out canal (right image) is very close to that

of the original canal. TH& shaping and w dening are

done by renoving a mniml anount of the canal wall
wallaasdist ther efseria the puior act(ssienfigso68 aréB$GhiliningdhefSAT to

the root 18 wall as is the case in the prior _art (see
clearrioys. theBreptacas@)], the inempingb dsameter aptesansuef ﬂch% capel at

canal , the nom nal dianeter and shape of the ﬁ %
eache radial plane ab}%@SdP%@le 1% §1‘¢%?‘ﬂr %Obh%*éw % the shaped

her words the shaped and cle nal doe }
and ﬁ ed ¢apal dnes 8ot 3'38? AOLFIERT smg fy &ﬁoaﬁa?ﬁﬂﬁgn having

i form cross-section a its,.)length as i.s .
a unfny SRS RREHOR o st WPnE 53 1Snedions 1yt Peken it ti grior

¢ cl eaning the root canal with one instrunent, while
art- £ ushing with a constant flow of antiseptic solution,

‘may significantly cut down treatnent tine.
Addi tional ly shaping and cl eaning the root canal wth
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rts
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cedure, as Is demanded by current |eadi‘'ng rotary

dowﬁltk@atwéiteﬂiﬁle el ri S04 1L BRShigiat 42d RR@RAg ARS ReskScaR] with
be easily adapted for obturatl on of the prepared root

one Gidtahmedt adlliathaves Rhi hocksity withe Qlerbber follevihgadmplex
Many variations in the choice of materials and

and esipke ifRiw yhartstiheordes tgmcedémplibh s timpleuret ehntihéreatment
devi ce are possible. For exanple, the device does not
prochduee, tag ibelemir dedf byocadent teddibgtrotanydiletsystemef
mat eri al, such as, for exanple, stainless steel,
steel, plastic, nickel based alloys, and titanium
based al | oys can be chosen. |nstead of having

Heat-spltened gublia-perchacmethndgi candbe glasdy asdepted ifmt pbtgratign of

rectangul ar bl ade-1i ke shape as descri bed
the prepared root canal obtained with the instrument of the invention.

Many variations in the choice of materials and especially in the design of
the structure of the device are possible. For example, the device does not
have to be built from Nitinol but other types of material, such as, for
example, stainless steel, steel, plastic, nickel based alloys, and titanium
based alloys can be chosen. Instead of having circumferential and
longitudinal elements with a flat rectangular blade-like shape as described
hereinabove the elements can have, for example, polygonal prism, rod-like,
or curved shapes. Similarly, elements having polygonal (including
rectangular, square and triangular), round, and curved cross sections can be
used. The combination of original cylindrical shape of the instrument and

cylindrical-conic shape after heat treatment, which is most suitable for root




her ei nabove the el enments can have, for exanple,
pol ygonal prism rod-like, or curved shapes.
Simlarly, elenents having polygonal (including
rectangul ar, square and triangular), round, and curved
cross sections can be usd® The conbination of
original cylindrical shape of the instrunent and
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11B ris can be renoved - upwar

conth&ew%Ifiﬁ?e bshye QL Nesing e &ﬁbbdﬁﬁé’n@ BEFig. 11B, the debns
circunferential elements while fluid flows downwar ds

can b8reh@Red hﬂovﬁzﬁiﬂseﬂhr@ﬁ%:h tthe spave BRtweén the @aM8l $all R the
enbodi nent of Fig Is triangul ar shaped. The

ciredmfigehtidl sBRimeiteehils fhdd thevd dowawaids ¢hveigtdtivé téhter of
abrasive material or teeth or they can be triangul ar

the dévdpe it vehe. hevamdbofliraent ofi . 1HCtis ngiaagubar shaped.
cutting/scrapi ng edge. The enbodi ment shown in Fig.

The laigihadinal ekmehts coube eolind gndudtiveadd stithrehrasive material
four bl ades attached toit. The enbodinments of Fig.

or taeth endhey ganibp traangwlasishgped| withi theliovaivaed cfaeme apex
fromwhich project radially a multitude of blade-like

acting afar@itbingésceppingnedge. Thecombediment gessigin djgahlD has a
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singlen s panfe AN U%@?.%%ﬁm gHith; #ewru adgs patéwltﬁdqgo ghe The
emboglcﬁ?gﬁc’tes”(}/f Fig. 11E and Fig. 11F have a single longitudinal element

from which project radially a multitude of blade-like or wire-like elements.
The means of designing and manufacturing these and other embodiments of
the instrument of the invention, including providing the necessary
superelastic and shape memory properties is within the scope of the
knowledge of skilled persons and therefore will not be discussed in further

detail herein.

In another embodiment, the instrument of the invention comprises a long
narrow balloon, which is inserted into the channel and then inflated. This
embodiment can be realized in several ways. For, example, an instrument

based on the design of the SAF can be built in which the circumferential




superel astic and shape nenory properties is within the

scope of the know edge of skilled persons and

therefore will not be discussed in further detail

herein. I n another enbodi nent, the instrunment of the

i nvention conprises a | ond0 narrow bal |l oon, which is

inserted into the channel and then inflat ed Thi s
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the channel. Wth enbodi nents conprising a balloon,

wallshef thel ddire], With @mb&lipleate calipridingns balloenathe telative
the instrument is alternately pushed and pulled in

motioneistpredaiabbn teinsd doddngie! thid hadtraxestd dfeenatdpnprished
In an alternate enbodi nent, the device can conprise a
and ipalleddn theldiregtionhofi the longitedinal taxisof G elsinveel.
material on its outer surface. To give the balloon
sufficient rigidity, arod or wire is inserted into
the interior of the bal]loon and attached at the o
In agjaternatmembpdinpat, therlevice qanesareprisaacbaliponcemyiehich is
and hen inflated pressing the sides of the_ball ogn
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r ef er. abl ansl| at i onal [ nd
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and attached at the distal end. The balloon is ingserted into the channel and
then inflated pressing the sides of the balloon against the walls of the
channel. The relative motion is preferably translational i.e. pushing and
pulling the internal rod in the direction of the longitudinal axis of the
channel will cause the balloon to move relative to the wall cleaning,
shaping, and widening the channel. When the work is completed, the

balloon is deflated and withdrawn from the channel.

Although embodiments of the invention have been described by way of
illustration, it will be understood that the invention may be carried out with
many variations, modifications, and adaptations, without departing from its

spirit or exceeding the scope of the claims.




pulling the internal rod in the direction of the

| ongi tudinal axis of the channel wll cause the

ball oon to nove relative to the wall cleaning,

shapi ng, and wi dening the channel. Wien the work is

conpl eted, the balloon i<21deflated and withdrawn from
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shape itself to the channel's three-di nensi ona
contour of said channel; characterized in that said
i nstrunment conprises a long narrow balloon, which is
inserted into said channel and then inflated. 2. An
i nstrunent according to clZd m 1, conprising a rod or
wWre whichis inserted into the interior of the
Claims| oon and attached at the distal end. 3. An
instrument according to claim1l, wherein at |east a
part of the outer surface of the balloon is coated

] PO, ReGealedIoR el pid/cr SNTIRE @id/on MAGRAE 2 phanne]
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i nst runment .accordi ng.to _cl,ai erein the abrasiye
e eralf G Bish SpiBpelh e sPe iRl  Faftous  of said
di elmmeelpowder; - titaniumnitride; and - tungsten

casbi 3 [ t. L.hg [ m3
endruiterted 1o Bi64 WIRE. WREGRTNDIcompfiell Thlone parrow
6. balhoomsrhighdatinseréet titogpaid chhnnel and Wher gfhatedur i ng
the procedure of cleaning and/or shapi ng and/ or

W deni ng the channel, a relatively _ uniformanount of
Zrefaringframenteaoprding torslake lynapmingisingiagrodhanwale which is
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in said channel. 7. An instrunent according to claim

1, wherein, during the procedure of cleaning and/or
$hAp higtandent ascslehhydot dlgirt Bnwalereia gt fdtemtpart of the
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material;

thereby allowing said instrument to remove material from the wall of
the channel when relative motion takes place between said outer
surface and said wall.

4. An instrument according to claim 3, wherein the abrasive material is
chosen from the group comprising:
- diamond powder;
- titanium nitride; and
- tungsten carbide.

5. An instrument according to claim 3, wherein the relative motion is
translational motion.

6. An instrument according to claim 1, wherein, during the procedure of
cleaning and/or shaping and/or widening the channel, a relatively
uniform amount of material is removed from the wall of said channel
along the entire insertion length of said instrument in said channel.

7. An instrument according to claim 1, wherein, during the procedure of
cleaning and/or shaping and/or widening the channel, a different
amount of material is removed from the wall of said channel at




23 different positions along the insertion | ength of
said instrunment in said channel. 8. An instrunent
according to claim1, wherein, as a result of the
design of said instrunent the cross-sectional shape
of said channel, along th&3 entire insertion length of
said instrument that is inserted into said_ _channe
i glifferent pasitipnshalongrihen insertionelepgtl e saidomstrument in
cleani-ndnapgd/ or shaping and/or w dening the channel

- as before said procedure. 9. An instrunment according
to claim1, wherein said instrunent is an endodontic
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defl ati ng and renoving said instrunent from said

channe|l when said cleaning and/or shaping and/or

i dévm n@tm@n‘b@gwr N:@tcgqjm 1, wherein said instrument is an

endodontic file,

10.A method of using the instrument of claim 1 for cleaning and/or
shaping and/or widening a channel that exists in or through a solid
object said method comprising the following steps:

- inserting said instrument into said channel;

- inflating said instrument;

- causing relative motion between said instrument and the wall of said
channel; and

- deflating and removing said instrument from said channel when said
cleaning and/or shaping and/or widening have been completed.




