SELF ADJUSTI NG NSTRUMENT Fi el d of the Invention The
present invention is related to the field of tools.
wepmsiofise@l | y the present invention rel ates t oP@NIL2005/000086
instrument for cleaning and/or shaping and/or w dening
a channel, existing in or tfrough a solid object.
Background of the Invention  Publications and ot her
reference materials referred to herein, including
references cited therein, are incorporated herein by
reference in their entirety and are nunerically
referenced in the follow ng text and respectively
grouped in the appended Blbl|ography whi ch immediately
precedes the TakY
which it is
out and/ or shapi ng and/or MAdenlng a channel t hat
exi sts in or passes through a solid object. One of the
best exanples illustrative of the problemand of the
shortcom ngs of the prior art is fromthe field of
dental instrunents, specifically root cana

,grloc:ﬁaurgs. EE.ot canal procedure is one of the nost

Fi or a dental surgeon. Root cana
treatnentconsi sts of two stages: éa) shapin

The peeseint gnvemdomiisl eeliated 66 thedietdot tasdmabp C‘c‘(lb) the present
obturation of the canal space. The first stage is

invehfB Adlat@myi A8 aldtrimepyeforefRaniny slBer thdfife and/or
canal space and disinfecting it, while the

widening a channel, existing in or through a solid object.

Background of the Invention

Publications and other reference materials referred to herein, including
references cited therein, are incorporated herein by reference 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
instruments, specifically root canal procedures. Root canal procedure is one

of the most demanding tasks for a dental surgeon. Root canal treatment



second stage is ainmed at sealing the root canal and

preventing its recontamnation. Failure to achieve
wepdokmerosed t hose goals may result in persisteneCHL20@000086

periodontitis - associated with periapical bone

resorption and occasional or, chronic suppuration. In

the sinplest case, in which Zhe canal is relativel y

straight and has a relatively uniformcircular

copsisbsofsbro isbages: @) slakingscleaning crolivifgnistgastt thegroot canal
with a small diameter instrument (known as a dental
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| arger dianmeter files u the desired fina anet er

e_canal ,is atta| . If.the can
AL g0t R GRF AT AR os cich Aistultting ity prile the
wi || nost probably result in a poor quality of
secanshtatege . 19 ralcmgsah weahingh thé erauir canal eand pravendimg its
great, nickel titaniumalloy files are able to adapt
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thus achleV|ng better results; omever existin
-ti.tani um files ¢ dapt the eres to .
vefhigiishaT peSofin@s - oronetel Sl i iaieg] Bond Sesorbtion
therefore a series of files nust be used to clean out
ang ogeagiPnakon ehiomdic swppuAtidn. st ai nl ess steel files.
Al so the use of any type of existing file in a cana
havi ng non uni formor non circul ar cross-section
results in a canal that is either not conpletely

In BT SRR R o0 5 P i ol AsCERRER Paeit mprichas o
maxi mum wi dt h of the original canal
relatively uniform circular cross-section, the work is carried out by starting
with a small diameter instrument (known as a dental file) and replacing it
with a series of increasingly larger diameter files until the desired final
diameter of the canal is attained. If the canal is not straight, using the
conventional stainless steel files will most probably result in a poor quality
of treatment. In cases in which the curvature is not too great, nickel
titanium alloy files are able to adapt themselves to the longitudinal
curvature of the canal; thus achieving better results; however existing
nickel-titanium alloy files cannot adapt themselves to changes in the shape
or diameter of the canal, therefore a series of files must be used to clean out
a canal as is the case with stainless steel files. Also the use of any type of

existing file in a canal having non uniform or non circular cross-section

results in a canal that is either not completely cleaned out or one having a



The anatomy of a tooth is shown in Fig. 1.
Topographically tooth 1 is divided into two sections.
wab@sorean 2, covered by enanel 4, is the visiBPUBIRaT000086
of the tooth. The root 3 is below the guns and anchors
the tooth in place in the jaw bone. Wthin the dentin
6, which conprises the princtipal mass of the tooth, is
| ocated the pul p chanber 5 and one or_ nore root canal s
circilabotdssefectiong ftharmifari dipmetel qiuvbick. ispgieaspmstlarge as
2Cillustrate the major steps of the root canal
th Qﬁﬁﬁﬁfrﬁwﬂﬁh bhend bifiginagtgpal( shown in Fig. 2A) part
the crown is renoved and the pulp is cleaned out of
the pul p chanmber. In the second step (Fig. 2B) the
openi ngs of the root canals are w dened. Then (Fig
2C) the canal systemis shaped, cleaned, and w den
The ematdmy oflal toptih s paewndn &8z ahdlenssaphinally twosh i 15 aﬂmded
step (not shown in the figures) the clean and
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| ures are rmre comon than the profession is
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teaching institutes and/or by endodontists.
bordeWithiie (the dendin Geydriccomptiseath erPrin@Epgbmass| of the tooth,
public indicate that inassociation with up to 58% of

is ToBgte@N@RApaL) Eddinbet Hedh@dnkerthode pest epiial7, lvsh@f which
was evident (1). This represents, nost probably, a

ar&gﬁedgvuallty %f treatnment (1);

Figs. 2A to 2C illustrate the major steps of the root canal procedure. In the
first step (shown in Fig. 2A) part of the crown is removed and the pulp is
cleaned out of the pulp chamber. In the second step (Fig. 2B) the openings of
the root canals are widened. Then (Fig. 2C) the canal system is shaped,
cleaned, and widened, removing all pulp particles and infection. In a final
step (not shown in the figures) the clean and disinfected root canals are

obturated.

Endodontic failures are more common than the profession is willing to
acknowledge. The commonly quoted success rates are based mainly on
studies carried out in teaching institutes and/or by endodontists.

Nevertheless, surveys carried out on the general public indicate that in



nevertheless, it may also represent a basic flaw in

the common approach to root canal treatnent. Root
w@avalhm32ar e usual |y perceived as havi ng a gr adeel/in2o05/000086

tapering dianeter with a round cross section (Fig.

3A). This may be true for many upper anterior teeth;

however, it is far fromreal¥ty in many of the

bi cuspids and nolars. In these teeth ribbon-Iike root
aseematisn withhup t615%8% of dhe exelotibnticdly gresdBY eth GOFPFEApical

(2). The flat dinension of these canals is at the

1e£yﬁ%§éﬁgé§{ le_ ane, which i§ not seen on a
radi ograph, a usually has its maxinmal width at 5 nm

fromthe apex. This anatomny is especially pronounced

in the second upper bicuspids, in distal roots of

| ower nolars, as well as in many cani nes and | ower
Thiscirspresenigldihbsinabrohabdmnak s pabt h qaaliepr -sfthapegtment (1);

cross section (Fig. 3C) are comon in roots that have

neb ¥R heRRa) & mayllsdSeh AR AR Bsié ﬂﬁhsirpfth% Qﬁﬁfmg'ﬁ’la%g&oach to
f I as 1n ny

and those of upper first bicuspids as we

f the, nesip-bucc roots .of upper | ars. The fact
voit sh 28} [FEarnRtE e Mook Gl Vbl B PexreivAg: agobaving a

on a regular periapical radiograph is one of the

gradealfntapening kawmebenwitli 8 conodpiroensentibrp (Bge sy, This may
maj or obstacle in achieving the goal of high quality

be?ﬂ%ﬁ@di?mﬁlﬁnWﬁﬁf)%ﬁeﬁhté@i@r tEadl o QNRer, ORI, fg&ﬁr 9@aqﬂy in

or cleaning, W dening, and shapi ng root canal
ol b S R R 0SSl Lo R S B EPRIAfs £ou cansls,
files of increasing dianmeter, with
with a flat cross section (Fig. 83B) 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
bicuspids as well as in many of the mesio-buccal roots of upper molars. The
fact that all of these anatomical variations are not seen on a regular
periapical radiograph is one of the reasons for the common misconception

and presents a major obstacle in achieving the goal of high quality

endodontic treatment.



intermtted flushing with antiseptic solution, results

in a canal in which a cylindro-conic gutta-pecha cone
woreapsiomiseoat el y be fitted in the apical part oOPCT/HE2005/000086

canal and used as a "master cone". Wth the proper

paste type seal er and accegsory cones they are

expected to seal the apical part of the canal. The

common cl eani ng, w dening, and shapi ng procedures are
Thedesdigivechl coraday, appaoupt @IClwlpgowlgﬁ@%@P 18g root

to the formof these standardi zed master cones. This

canﬁ%%ﬁz@é’%@ﬂ filss Basht etuiderosmgetivhsaandat stamddrdized
that has a round cross section, which may gradual ly be

.enl ar ged round fil - - : . Lzed:
v SRPEISE A lB S b TPL W upledint B et
when applied in _many posterior. root canals, thif. .
inteappttedciuship gowiténantiseptic seltion aesdte 4ni qganal in which a

wi deni ng, and shaping a flat root canal w th round

cyﬁfla%cﬁ&ﬂfelgutfa-@amwe heavietanseipibei figedin the aphchl grart of
I ngual recesSes along the root canal filling,

unt ouched. and ful k_of, ti e IRt i

the t%‘flﬁij (a@%ﬁlse#ﬁﬁ & V\nml%lSteltrn(Zo\?ll tabl'y’r 2%% I’ptIB?l@w]LI ? %lyfaeu% " sealer
Recent studies indicate thaé this, problem.s ch,.nore 1

andcarnesspIyhennasr BEyores §XRasHee e seal t{lQ,ap\??a.‘l rofuiepnal
tradi ti onal hand-held stainless steel files sonme of_
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In Fig. 4 is shown a set of stainlesssteel K-files. A

reat deal. of ' ' e .
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fromthe top to the bottom
master cones.

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).

When using traditional hand-held stainless steel files some of these recesses

are inevitably only partially cleaned. In Fig. 4 is shown a set of stainless



When the root canal curves it is only possible to
follow the curvature by increasing the dianeter of the
W@ 200810703Thi s problemis illustrated in Fig. S5APCT/AL2005000086
curvature of the canal becones to great, generally
near the apex of the canal . then one of two
undesi rabl e situations arigés. The first, shown in
Fig. 5B, is that the process is term nated resulting
steel K-filesatA great deal od geperienhe e apgessary teBReese; e peoper
untreated |l ower part of the canal. The second
leng®h LRI Ld N Bter STOME bdndtiig cl&Ged sut fain the top o6 eturtttom.
continues until perforation of the tooth occurs, also
resulting in fal se..canal ;0 I t
Wit R RaF sPoa] Pt 1 fonesoheSRE BTN cullite by
treatnment is showmn in Fig. 5D, if_one of the solid_.
incréading theedisnatad of dhe sanabdhismyoblem s Adustratekudig. SA.
occurrence, then the root canal treatnment fails and

If tHehBi ke Pt bfStHesaslHl hetaaBY 66l orddte ghasehliehehstlai apessf the

steel instrunents are currently gradually being

repl aced by nickel titani otary.files. [ T
candly a8 g B s Sty s IR BhS it e bt ShH in Fie
rotary files are used _as series of instruments wth
5B, g% ddaathy pentessgh tgrminatedaresubliing infrpxidor 198 a ledge in the
stainless steel files, are able to adapt

can41088idt HebAa! iy the thgeatdBllowbansartNbLkRe dddadniThe second
rotary files are nore efficient and all ow the operator

altet{ﬁfftg%fﬁ lﬁglgpgvln; ,ic aﬁilelg.i gf(?;i 39 H&Vg{atthg hg‘f&c%ﬁu%%a n?%rétinues until

CT ency has pric
:£repared canalis of a perfect round cross, section and
perfonatich eenithg topth ecpes ealsesresilipgt gy false canal or apex

enlargement. One other major difficulty encountered during root canal
treatment is shown in Fig. 5D; if one of the solid files breaks and can not be
removed, a not infrequent occurrence, then the root canal treatment fails

and the tooth is usually removed.

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



tear-shaped canals is not done. Recognition of the
above problem has | ed sone professional authorities to
w@oosiodseo a further enlargenent of the apical PeEr1L2005/000086

the canals, to a dianmeter that will include the flat

remai ni ng parts. The prepagation of a root canal by

enl argenent for root canal $ having round, flat, and

t ear - shaped crosssections i s shown schenatlcally in
is of Bi prrfe@A0UBE, crasris@tionesnd she ¢kaningeé khe necasgemintlat and

coul d not be safely done in bent root canals with
tearishapbllicafals stitiloees steel instruments because of

their rigidity (3). Rotary-nickel titaniumfiles made

it possible to enlarge bent canals in a nesial root of

a lower nolar to accept a No. 45-50 gutta-percha

mast er cone. Neverthel ess, this approach has two short
Recoguitiogf the abgvef peahlert hgs |ledcomee arefesrionphantberities to

excessive |local thinning of the remaining root cana

consY@ér' a fEther ehirkbRicus of ghe apfial@laet 601 ¢anils cRnBliameter
|ng in the apical third of the canal. The first

her _f
thatfw%ik piaes U R bR Tt et n] ot el
its inferior sealing abilities. Furthernore, in many
by evdargemdnd Hirarnst canabyhiavers roundaflpy, aném@aé-shﬁﬁed Cross-

recesses is so large that it will cause a perforation

secti®hstibeheannkcvahhtitZly (s eRigkl €A, 6B, antl BCorespERtiviéle. Such
I ssue of cI eam ng, wi deni ng, shapl ng, and obturation
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stainless steel instruments because of their rigidity (3). Rotary nickel
titanium files made it possible to enlarge bent canals in a mesial root of a
lower molar to accept a No. 45-50 gutta-percha master cone. Nevertheless,
this approach has two short comings: it may frequently lead to either
unwanted excessive local thinning of the remaining root canal wall (2) or to
the use of a single-cone root canal filling in the apical third of the canal.
The first may lead to a higher frequency of vertical root fractures, while the
second was discarded long ago for its inferior sealing abilities. Furthermore,
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).



solution. It is therefore a purpose of the current
invention to provide an instrunment that is capable of
wW@h@sgrasgo i ts interior volunme, contour, or botPCHU200500086
use in cleaning and/or shaping and/or w dening a
channel , existing in or thrqggh a solid object, in
order to shape itself to the”Channel's
t hree- di nensi onal contour. It is another purpose of
Theassvaof ehariingemidemnigo shapivicd endrokéndadentof @obi tehals with
that is capable of cleaning and shaping and w deni ng
ndrPRurRRabss BAViSNs CdesUhSY ARMALy NOReChhCHhBTuSO S Hicient
sections. It is another purpose of° the curren ’
Sohﬂﬁgption to provide an endodontic file whose contour
variés during use thus allow ng the use of a single
file for an entire root canal procedure. It is yet
anot her purpose of the current invention to provide an
endodontic instrunment that is sufficiently flexible to
It & kloaveifdret & BEe iof $BE feuk-RAAH @bkl % f)fg)avltlﬁg an instrument

curvature of the root canal up to its ap

' t her ,purpose, of .the current invention to
o5t L S RS S b SHE R oot during use
. antiseptic solution can continuously flowinto the
in elegning and/oxrahawing aridiey. widenisg a dhammledrexistipgse oofthrough
the current invention to provide an endodontic file

a $d1a1 obRetSiONribEantdhagd RALETt0CAMLRRARPOYLSEL 808 Rsional

t han exi sting
contour.

It is another purpose of the current invention to provide an endodontic file
that is capable of cleaning and shaping and widening root canals having

circular and/or non-circular cross sections.

It is another purpose of the current invention to provide 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 purpose of the current invention to provide an endodontic
instrument that is sufficiently flexible to allow it to adapt itself

longitudinally to the curvature of the root canal up to its apical end.



instrunments used to performroot canal treatnents. It
i s another further purpose of the current invention to
w@e@sids2@an endodontic file that requires si gnPd¢T/O2003000086
less tinme to performroot canal treatnents than
exi sting instrunments. It is,a still further purpose of
the current invention to pr%V|de an endodonti
instrument that is significantly easier to use and has
It & stiljrinbibanpliypetecriitde dueaemti yeotnoneta provids ast érntpdontic
instruments used to performroot canal treatnents.
insEMirh &8¢ tlﬁ%h%ﬂsﬁﬁlﬁﬁﬁlnﬁ St aasionfcalndchtimyQnly IowMAto the
appear as the description proceeds. Sunmaryof the
n% $$. resent i nvention can be realized in
Hmﬁﬁﬁ?a ¥ Sr 1gﬁbodiments and has applications in
many fields in which it is necessary to clean out
and/ or shape and/ or wi den a channel, existing in or
through a solid object Exanples of such applications

It 1@ %{‘flﬁ‘ﬁhéloidﬁﬂpoéce%f @XaRrent inveatioh W petwddiahf @dd#entic file
fields as drilling for oil, dental surgery, and

ri n or t e '
e SRS el R Bl | R PR, B cexinin
over existing toagls, a speC|f|c enbodi nent of the
instrveeRisrseoio RRIEOTTA raeheanal teeatReAl treat nent, one
of the nost demandi ng applications for instrunents 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.

Summary of the Invention

The present invention can be realized in many different embodiments and

has applications in many fields in which it is necessary to clean out and/or



exanpl e to be described herein. The preferred
enbodi nent of the endodontic instrunment of the

w0 poostizemn, known herein as the SAF (sel f adj uBCT/IR005/000086
file) is a nickel titaniuminstrunent of a unique self
adj usting design. The SAF giaaan original round
cross-section to which it "al'ways tries to return as a
result of superelastic ?roperties that are given to

shdpe. a8iddu tverdlenus! ycheminel,pespding isoebi Heepugl 1 j sdid object
uni que geonetry gives it an extrene ability to adapt

Exéuh??ésf of Quth ey ARGl édie beaftrindnebt xaWsie, inseidhedridely
info a narrow canal it will have a contour narrower

..t han it original gne.. [ will_ gr Ly . ncrease.

s PR h43e S B, D A A BTG 85 Rine 1
instrunment_for the whole root canal procedure. Moving

ordeneto hest iHustrase thee maneradvemtages 98 theotingtanaent of the
preferably by rotating the instrunent but optionally

inve¥tiBRWvRY dxisthae koslpda fspetifici dmbodinfeattdfamhecissentioal foy use
parallel to the longitudinal axis of the canal or by

. Gaus [ 8 . 0f
in G431 Yo badf) HeREBbEL e b IRE st A b E R Bicdo for
it adapts itself, while gradually atfenpting tqQretuyn . .
instigimentso] tGin e SasdeeRhoserge %@ﬁqsalf?é‘m’e vl |n%fa§ntmg
perform an ideal shaping, w dening, and cleaning,
exathphostbeuderenibed heeal.i zed t hi nning of the root wall .
The uni que design of the instrunent allows it to adapt
itself both longitudinally and in the cross section
and thus follow the original three

The preferred embodiment of the endodontic instrument of the invention,
known herein as the SAF (self adjusting file) is a nickel titanium
instrument of a unique self adjusting design. The SAF has an original round
cross-section to which it always tries to return as a result of superelastic
properties that are given to it. Simultaneously this property combined with
its unique geometry gives it an extreme ability to adapt itself to the shape of
the canal walls. When inserted into a narrow canal it will have a contour
narrower than its original one, which will gradually increase with use, thus
allowing it to be used as a single instrument for the whole root canal
procedure. Moving the instrument of the invention in the root canal,
preferably by rotating the instrument but optionally by moving it back and
forth in a direction essentially parallel to the longitudinal axis of the canal
or by causing it to vibrate, will result in the removal of a layer from all inner

surfaces of the canal, to which it adapts itself, while gradually attempting to



di mrensi onal shape of the root canal. Thus, a cana
wWith a round cross section will be enlarged as round,
wokiose7@2d | at canal will be enlarged as a fl at PCEHN20050(00086
greater dinensions. Even the trickiest canals, those
with a tear shaped cross section, wll essentially
mai ntain their original shape. Further the design of
the instrument allows it to achieve different shapes
retany toi iensiginal abong shepel eAlpehinstrurment avidll thuheesfoym an
allowi ng effective cleaning of the entire cana
ideW %ﬂ&gfnge XRAsHINe MadeprhAth D fwitheuanwantéd Isoalikbe thinning
net ho f the prior art to extensively enlarge root
anals in . order to include in their dianmeter the flat
of 3¥@gpwﬂkaped recesses is thus elininated. Due to the
speci al open and/or holl ow design, antiseptic solution
can continuously flowinto the root canal while
wor ki ng, thus saving valuable tinme and inproving the
THleRiidaeeabsighd ofi Shdfagtinnelt odbs es. tdhadepnsitaslf both
flow al so i ncreases the efficiencyof filing and
prevents cl oggi the ¢ . Wt [ d .
lonfg g o8 P, A G ety HE0G PGPl Briggnal thoee
file of the invention allows top elasticjty._ In the
diresnsional chepe o?f dhe itiost ragmaht Thais) @ €2BAb WitBagakpaind cross
i nside the canal, specially designed extractors can be

sedi®ROwilDbeasi dnsederdrarid) evistpafhitednphmtilldfe ddlarSffas a flat
no matter what the position or depth of the broken-off

oLl od e SR SRR R oD b BRIt o o
shaped cross section, will essentially maintain their original shape. Further
the design of the instrument allows it to achieve different shapes and
dimensions along the length of the canal, thereby allowing effective cleaning
of the entire canal without excessive widening of the canal walls. The

method of the prior art to extensively enlarge root canals in order to include

in their diameter the flat or tear-shaped recesses is thus eliminated.

Due to the special open and/or hollow design, antiseptic solution can
continuously flow into the root canal while working, thus saving valuable
time and improving the debridement and disinfection procedures. The
constant flow also increases the efficiency of filing and prevents clogging the

canal with dentin-mud and debris.



and/ or shaping and/or w dening a channel that exists
in or through a solid object. The instrunent of the
WO pooétizen i s characterized in that its inner ROI/IIZRYS/000086
contour, or both changes during use in order to shape
it to the three-di nensional ,contour of said channel.
In particular the shape of eHe perineter of the
i nstrunment adjusts during use to conformto the
Theetiusetes]l désipheofl theaselt edissting filomf ghet inyevhiannallows top
each radi al plane |ocated along the |l ength of the

elagﬁgitti.uﬂﬂﬁe E?ﬁ%ﬁlesciééstﬁf diethdtph e Eaiipd aal. breARage inside

I nStrtunent o e present invention can be nade froma

super.el ast. terial and mat er i;al _whi ch eji the
thegfiohll SBEEATY QETERCH SRRt CEh de Py eI herlBRe the

properties. In a preferred enbodi nent, the instrunment
sepafratdie pany efitthenSAF, mud endttemvehati thelpasitiemiornfepthopf the

Preferably a single instrunent is inserted into the

bmﬁ@gnﬁ?baﬂﬂgj53§gI%QEC&QQJentire procedure of cleaning
an

/ or~shapi ng and/ or w dening the channel before
being withdrawn. I n sone applications, nore than one
file is used toclean, and/or shape, and/or w den the
channel . If the instrunment breaks_inside the chapnel, .
In ahfirdhrasioent phe osesent baenbipRdRXFEs %%wftrﬁalﬁntdgﬁég@mng
to the object containing the channel. In a preferred

an§BbeRkh a0f/drh@iddishs wmednied] fhatentstenn o shhoogdh & solid
conpri sed of one or nore |ongitudinal elenents and one

.or re.circunfer | al: rent:s. Jtadi -an
objget, (the” instriment, igrrcr}'é%tlrsn%mtﬁ chibgctepght #dinal i@nthner
volume, contour, or both changes during use in order to shape it to the
three-dimensional contour of said channel. In particular the shape of the
perimeter of the instrument adjusts during use to conform to the perimeter

of the local cross section of the channel at each radial plane located along

the length of the instrument that is inserted into the channel.

The instrument of the present invention can be made from a superelastic
material and a material which either has or has been treated to give it
shape memory properties. In a preferred embodiment, the instrument of the

invention is made from a nickel titanium alloy.

Preferably a single instrument is inserted into the channel and used for the
entire procedure of cleaning and/or shaping and/or widening the channel

before being withdrawn. In some applications, more than one file is used to



can have a three-dinensional shape chosen fromthe
group conprising: blade shaped, pol ygonal prism
W@ b@pom320 od shaped, curved shaped, and round BOEPEd05/000086
el ements. The cross-sectional shape of the
| ongi tudi nal and circunferential elenments can be

chosen fromthe group corrpri1§i-ng: pol ygonal , round,
and curved shapes. The |ongitudi nal elenments and the

cledn, cand/er estapal, @ldoprtidenathebehatnall ghtther ugéafuﬁl@nt I Bkeaks
a preferred enbodlnent t he nunber of | ongitudinal

|38 BRLH oS R ?e,ln% ent i al
m%l enent saa?lg? StTi % trebgea ong ‘f?ﬁvgﬂ{%%gl% EF&%N“%%“ damage
1 d, insirumen I.n anqt her enbodi nent, the nunber
togg e Wﬁ??%é%ﬁln%i@w@i‘ﬂ%nqs at | east one and the
circunferential elenents are distributed al ong the

| ongi tudi nal axis of the instrunent. The
circunferential elements in a given radial plane

Indgf pRgetae bﬁ%dlﬁlre%% SofS %Hé ' ﬂ@ﬁlétrﬁ&?bo of Omtvtelﬂ%lon its body is

|nstrumsnt In a preferred enbodi nent of
ngi t udi nal, and

instr of the invenii
CO@ipr%sﬁ é’ el‘?ﬁealorelr@ﬁﬁ%t&n@étﬂd%%a e]inﬁ 8¢$ uABAL 'ofie or more
t hr eedi nensi onal ape. That shape being that of a
cmggmfemntmlaﬁle@mmﬁﬁ s’ﬁm dengitodimal rand reérdumfpirentiaballements
axi s and bounded radially by a wall having an open

cahahiveer lthkee-airhbhsivhel shAph’ @REhe i
the instrument of the inventi or?%éfl ﬁoggg?gagg@ c8¥npr1smg

AR, RELHEREL NphmoahPied TohsbABefindtr U rApopsd, and
renove material fromthe wall of the
round shaped elements. The cross-sectional shape of the longitudinal and
circumferential elements can be chosen from the group comprising:
polygonal, round, and curved shapes. The longitudinal elements and the
circumferential elements can be straight or curved. In a preferred
embodiment, the number of longitudinal elements is at least one and the
circumferential elements are distributed along the longitudinal axis of said
instrument. In another embodiment, the number of longitudinal elements is
at least one and the circumferential elements are distributed along the

longitudinal axis of the instrument. The circumferential elements in a given

radial plane define the local cross-sectional shape of the instrument.

In a preferred embodiment of the instrument of the invention, the
longitudinal and circumferential elements define the instrument’s three-

dimensional shape. That shape being that of a body with an empty space



channel when relative notion takes place between it
and the wall. The relative notion can be rotational,
‘W e@sst@eo onal , vibrational, or a combi nati on PET/I005000086
nore of these types of notion. In one enbodi nent, at
| east part of the outer surface of the instrunent is
coated with a coating of ad4abr asi ve material, which
can be for exanple, dianond powder, titaniumnitride,
sur@buh &ngsteNlogaitidieal axiscidiebowndatiiadially, byat welhdiaving an
part of the outer surface of the instrument of the

opetnnl %ﬂgé(ﬁ elsscrﬁ&ldggened conpri ses nunerous snall

nprises a cutting edge. Preferably, fluid
can flom1|nto t he channel and/or debris resulting from
t he cl eani ng and/ or shaping and/or w deni ng can be
removed fromthe channel while the instrunment of the
In prefentedosmbedinnsetstafdharidstwonkéntoofi thetingentiannet ledbhe part
fluid can flow and/or the debris can be renoved via

of E}%go{.éﬂe'fesrdl@éce%f Hﬁ? indshierent BadtRkted Br Qﬁ&ﬁ?ﬁed in such a

Iments via the space between the wal

hannel t f it
W et & A PebEAREHIECT e PUTGHE é?“ﬁ ¢ Wl of the

i nvention, a unlforn1anDunt of material is renoved
chdmoh whenwedlhtive mhsioohtales| plageobefwaea éhendethe wall. The
insertion length of the instrunment in the channel,

relgﬂ(fé NGnbtien Preagedbs € rofatedRan tthnaleti@ialsh &Pﬁbﬂ’fh@maﬁd/ Oobr a
W deni ng the channel . In other embodiments, the

str can_be co tructed su | f e .
coBHHIE o TR PE T B ot B igvetor P I e Eodippnt, at
at different
least part of the outer surface of the instrument is coated with a coating of
an abrasive material, which can be for example, diamond powder, titanium
nitride, or tungsten carbide. In other embodiments, at least part of the outer

surface of the instrument of the invention is roughened, comprises

numerous small teeth, or comprises a cutting edge.

Preferably, fluid can flow into the channel and/or debris resulting from the
cleaning and/or shaping and/or widening can be removed from the channel
while the instrument of the invention is inserted and working in the
channel. The fluid can flow and/or the debris can be removed via the interior
of the instrument and/or, in other embodiments via the space between the

wall of the channel and the outer surface of the instrument.



| ocations along the insertion |ength of the
instrunment. The instrunment of the invention can be

w0 p@sentmed i nto the channel such that it passesPCHIQOEHD00086
the entire length or only a portion of the entire
| ength of the channel. In ﬁ%eferred enbodi nents of the
instrunent of the inventiony the crosssectional shape
of the channel, along the entire insertion | ength of

In phefeivedt embediments of gbat instiymene ofdine kfveatiarhea uniform
procedure of cleaning and/ or shaping and/or w dening

am&?_}rgc %ﬂﬁﬁ@&lialaﬁ HelmdVas R6MOfR WHE dBithe @HHNhfe]l, NGhHERe entire
enbodi ne

nt of the instrument of the invention

. conprjses, aJong. narrow ball.oon, which.is inserted

iSRRI ARE TR RBR P A A opy S BPEGe Pfocedure of
enbodi ments of the instrunment of the jnvention are

clesaridgdomd/or f isheging n arl/er casdenite shanrdlannela [gotother
canal , and cl eani ng and/ or shapi ng and/ or w deni ng of

embdBnfianeheC oARrusRmtt RancChearbAGrushapisieh ahdt different
w deni ng stage of a root canal procedure.|ln another

t, th t i ty | i d aof ;.
GRS b FAEp B S P g L BT o aiterens

and/ or _shapi ng and/ or mﬁdenin%mﬁ_channel that exists
locatioroy atdmeotiyh Taseysiondlesigtbcaf. theninsisemeat c dimgr ingbsumpat of
following steps: - inserting the instrunent into the

theGARBAELL @@aUBH RfsdrebAtihuetii®thanndlesvwaethdthé passes through
instrunment and the wall of the channel;

the entire length or only a portion of the entire length of the channel.

In preferred embodiments of the instrument of the invention, the cross-
sectional shape of the channel, along the entire insertion length of the
instrument, is essentially the same after the procedure of cleaning and/or

shaping and/or widening the channel as it was before the procedure.

Another embodiment of the instrument of the invention comprises a long

narrow balloon, which is inserted into the channel and then inflated.

Preferred embodiments of the instrument of the invention are endodontic
files. In this case, the channel is a root canal, and cleaning and/or shaping
and/or widening of the channel comprises the cleaning, shaping, and

widening stage of a root canal procedure.



optionally, renoving the debris resulting fromthe
cl eani ng and/ or shaping and/or w dening fromthe
we b@snaiz2mhi | e the relative notion takes pl acePCT/IL2005/000086
optionally, causing fluid to flowinto the channe
while the relative notion t s place; and - renoving
the instrunment fromthe channiel when the cleaning
and/ or shapi ng and/or w deni ng have been conpleted. In
It lamotlaese aispecthitble presenhdnventeen wfppliee arnwethadbwlivsing the
an endodontic file, the nmethod of cleaning, and/or

inz0aRheEs oRARBS Qhv¥hHERIfHE cRahO9E a&dN! sl‘i&lfﬁﬁ sl $€8/oF Reidening a
folovmng steps: - inserting t efllelnothe root

lfat?f’glae:l sbe gﬁ%g e E}brr‘? glﬁl e rmv %Cé 1&8 b r tlprfes the

resul ting from t he cl eani ng shaping, and w denl ng
follogamg skep=oot canal while the file noves relative to
the wall of the root canal;optionally, causing fluid

to finguriing eht hestroatentans thwhéHemndle file noves
relative to the walls of the root canal and -

r (?rmwh{négl’lé qglatwee ’qut o(rjlq Bgﬁvée%%h Mlﬁﬁ Lhe the wall of the

cl eaf enin ave Been conpl'e
Al'l the above and ot her characterlstlcs and advant ages
of tehennglention will

optionally, removing the debris resulting from the cleaning and/or
shaping and/or widening from the channel while the relative motion
takes place;

- optionally, causing fluid to flow into the channel while the relative
motion takes place; and

- removing the instrument from the channel when the cleaning and/or

shaping and/or widening have been completed.

In the case in which the instrument of the invention is an endodontic file,
the method of cleaning, and/or shaping, and/or widening a root canal
comprises the following steps:
- inserting the file into the root canal;
- causing the file to move relative to the wall of the root canal;
- optionally, removing the debris resulting from the cleaning, shaping,
and widening from the root canal while the file moves relative to the

wall of the root canal;



be further understood through the follow ng
illustrative and non-limtative description of

w@e@bereed enbodi ments thereof, with referenceP@DI20€5/000086
appended drawi ngs. Brief Description of the Draw ngs -
Fig. 1 shows the anatony of a] tooth; - Figs. 2Ato 2C
illustrate the ngjor steps'c}f the root canal
procedure; - Figs. 3Ato 3C show root canal s havi ng
di f fenteontally, ossiseg tilwidato Shapesnto -thei gpotdcaimiwsrhdles glhe file
of stainless steel K-files; - Figs. 5A to 5D show sone

of tAgves slheNs t8NBEWMIE 6tkhevods balaRRner art files
to performroot canal treatnments; - Figs. 6Ato 6C

show t he .st age ccordi n o the pri art, .in .

o eparigne J0E THeREfS e ab Cat i uPeh the titinisg ehanine, and
shapes; - Figs. 7A, 7B, and 7C are respectively

per sp g havedeen cantbletes: t ened- out, views of the

i nstrunment of the invention;- Figs. 8A and 8B show

cross-sectional views of the instrument of the
i nvention before being inserted into the root canal

RSl nal, . re tivelye.- Figs.,. .
A HRe VR0 HASRREEPRS s PR S UL Y the BSjoiop wil
root_canal, using. the se]f adjusti _nig i nstrunment of the
bg Hizdher y@ﬂerq}pod %gough 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. 5A 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;

Figs. 7A, 7B, and 7C are respectively perspective, front, and

flattened-out, views of the instrument of the invention;



canal s having round, flat, and tear-shaped
cross-sections respectively; - Fig. 10 shows how t he

w0 p@somsent of the invention adapts its shape BGI/II20058000086
inserted up to the apical end of the root canal; and -
Figs. HAto HF show cross-sections of exanples of
different enbodiments of theS nstrument of the
i nvention. Detailed Description of Preferred
Enbolligseisahd {f@most crasheechameviswisoobhtheMmtnethent of the
and/ or cl eaned and/or shaped by the instrunment of the
' nVel'i‘erbﬂﬁoﬁr]@efB?é %Eirl’g?hﬂse'r%ﬂﬂuﬁﬁ%h‘%aﬂfo@vﬁanmeﬁﬁi inside a tear
channel S wi Il be descri bed herei nbel ow in terns r%
S|ng Ion udi nal which is the line deflned
by tHEReGSE r?%ecpev 5ér poi nts of the channel along
its Iength and a nmultitude of "radial axes", wherein
eachFiggc94, 2B ahndx9e steovd sthemd tisgllx thienprepamitivat bhg root
at a point on the |ongitudinal axis and perpendi cul ar

t o thgall 00 SinsUthd ablfaxdjssfhgtiRatrup@é of RRE Qh'v@ﬁtlgﬁ for root
given radial axis around its origin defines the

| ocal i he direction essenti

par acialnéﬁéjbgvmée %gdg %fagd?ﬂglte%ﬁ AN Wo\ﬁﬂsfadi}%n?( h%%ﬁ?cmvely ;
as the "longitudinal direction" and the direction

essehig éplsylowrlww dhefpstsnmest 0& e izviintiomrdepts itk shepe as

known as the "radial direction". Because theinstrunent

of tibés irveettd ap t6 @ht @@ﬁﬁalte@dtdmhé rapecaialt Radcanal
simlar termnology will be used to describe the

Phc TESanton 2 ah! Bo Srhle rFAiRbtne: of yEHAHPRE ol difrerent

t he ) )
embodiments of the instrument of the invention.

Detailed Description of Preferred Embodiments

In general, the channels to be 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



channel or only partially into the channel, in which
case only part of the channel wll be w dened and/ or
wa bapesand/ or cl eaned. The | ength of the i nstPCEIBERN05/000086
that is inserted into the channel is known as the
"insertion | ength" which tegﬁgalso i ndi cates the depth
of the channel that is worKed on by the instrunent. As
an illustrative, but non-linmtative, exanple of the
instigtmementf @fe treentnue onfornesisodihreshapefofathe canal similar
endodontic file for perform ng root canal treatnents
teMihoREyARSLHE B8] BeussIPsd B¢ phiReipal @ket beehe instrument.
enbodi ment of the endodontic instrument of the
i nvention, known herein as the SAF (self adjusting
file) is a rotary nickel titaniuminstrunent of a
uni que design. Wile current |eading rotary files nust
The ingfeumentadthedne¢ntior can rb@rmgewegwognddtﬁly ltg the end of the
enl arging dianeters, the SAF is used as a single

chigisidl Wreaklyl partidiey Wae) ehdrchendul 6n Wheth icﬁ§@rotn?ﬁ Pt Qf the
a narrow canal, whose nonminal dianmeter is |ess than

it . i ha i , it he dnstrument |
s eRIL Y PR E IR IR R BRAY tintd Rhe length of the
. adapt itself to the cross-sectional shape of the walls
ingtrurment 4hat if inseekrdr Wdp atheprhaenel shdnome as the “insertion
| ongi tudi nal axis of the canal. Rotating in the canal

lehitletwhech tarss aisoandidebs tise Hepth ththecanalnantiat heworked on
canal wall. As the debris is renmoved fromthe cana

b%éin%ﬂgﬁgﬂger el astic property of the SAF causes it

to gra y expand with time in the radial direction
whi |l e continual ly

As an illustrative, but non-limitative, example of the instrument of the
invention embodiments of an endodontic file for performing root canal

treatments will be described hereinbelow.

The preferred embodiment of the endodontic instrument of the invention,
known herein as the SAF (self adjusting file) is a rotary nickel titanium
instrument of a unique design. While current leading rotary files must be
used as series of instruments with gradually enlarging diameters, the SAF
is used as a single 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



mai ntai ning contact wth the canal wall at every

point. Thus material is uniformy renoved fromthe
walesvsiomasko wal | s of the canal until the desiredP@DM20e8/000086

dianeter is achieved. A preferred enbodinent of the

SAF is shown respectively i (?erspective, front, and

flattened out, views in Figs? 7A, 7B, and 7C. The SAF

10 is made of a nickel titanium alloy (Nitinol) and
ranogintikéye padgiebers frooy thedrhehbnd HhpecarBhevalhl As the debris

the upper end, the neck 12, are solid and are gri pped

1sbbén%\ﬁéaefroﬁhﬁléj@£ﬁoﬂ| WQHnﬂleOélﬁﬁﬁ" A5sBE Brépdis bednt SSAE‘ causes

e for manual use. The main part of the body

an o at.tice-1j ke tructure ma
iy Jéna??-ﬁmlfyaﬁxgﬁﬁﬁe%% Vi, he il firPEfof 5ie RpBtinuay
instrunent fromneck to tip 16 and short
meiintinireg epntagt withndm sangl wadl at myeex tpoant. afens material is
| ongi tudi nal elenents. In the preferred enbodi nent

ufifemily ReindQelli Boethe dRBERaRNalOWF then@iddldimgdl the desired
el enments and the circunferential elenents, in their

nundef ilrredetgt at 188, AT CS of acircle. In a radi al
%Ilné%% 8ht ]Flfsh%}%lrcunferentlal el ements, the

circunferential elements that lie in that plane define
the cross-sectional shape of the instrunent in that
pl ane. Both the circunferential and | ongitudinal

Aepeifered dravedanéhiabf thetIMBulsaghdwrdespédtevely dBSperspective,
section. After manufacture, the Nitinol cylinder is

SHIESIASIENLLR AP\ AT, AL Lo Oh ] CTR4E $hgT 16 mace

cylindrijcal -conic
of a nickel titanium alloy (Nitinol) and originally is given a cylindrical

shape. The walls of the upper end, the neck 12, are solid and are gripped by
either the dental hand piece or are attached to a handle for manual use. The
main part of the body of the SAF is an open, lattice-like structure made,up
of longitudinal elements 14, that run the length of the instrument from neck
to tip 16 and short circumferential elements 18 that connect adjacent
longitudinal elements. In the preferred embodiment shown in the figures,
there are four longitudinal elements and the circumferential elements, in
their undeformed state are arcs of a circle. In a radial plane containing
circumferential elements, the circumferential elements that lie in that plane
define the cross-sectional shape of the instrument in that plane. Both the
circumferential and longitudinal elements have a flat rectangular blade-like

cross section. After manufacture, the Nitinol cylinder is constrained in a



The surfaces of the instrunent of the invention that
are in contact wwth the walls of the canal are treated
w0 poosons2may to enable themto renove mat eri al PET/IIROAINB0086
wal | as the instrunment rotates. One possible treatnent
is to coat the surfaces with an abrasive material such
as, for exanple, dianond powder, titaniumnitride, and
tungsten carbide, that will renove dentin fromthe
mot@nald Medd teytdd b kiwenitass shapSaRery prepedy Wile changing
cl eaning out and enlarging the inside of the root
. a0 di nents, the surfaces in contact
ﬂs%??ﬁggﬁg9%gﬁ %%ggﬁg'canal can be nmanufactured with
roughened surfaces conprising, for exanple nunerous
small teeth as in a file or a rasp. Alternately, these
surfaces can conprise a cuttlng edge_simlar to the
Thedgefaes af dhielihshiumentofsihee nERBHAR St PLELN: gogtact “with the
i nstrunment of the invention, the surfaces in contact
Wa‘ﬂbt br tthe eanal aveldregwid be go@xh@twaiﬁlt;o snmblich tharh to remove
rasive slurry can be introduced into the canal to be

apped b -
p%??aq JParen A ERE R AR ot FS%E%?&SE‘M“ :
throu h the openln s in the |attice structure of, th 1
tobory e thafams Witk 2hcaWESHGw ARG SUF oﬁq@mﬁ%ﬁl}ﬁa{np &

can easily be renoved by rinsing or suction wthout
dw%h@ﬁ&'}flﬁivdéﬁ attaemuef nithle| asidr turerstenrcanbided that wglli rtemove

fromthe root canal. In other enbodi nents, the debris
| 0 S tpeen Ea!%@&aﬂﬁ,'l cleanin
de%gjﬁ f tﬁ% caﬁ%gyfagl )_’)ka}‘rltcﬁiﬁn egﬁgg}?%n al | ov\g for fl S|ds 8
such as

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
similar to the edge on a drill bit. In some embodiments of the instrument of
the invention, the surfaces in contact with the canal wall can be relatively
smooth and abrasive slurry can be introduced into the canal to be trapped

between the instrument and the wall.

The material scraped from the wall of the canal passes through the openings
in the lattice structure of the body of the SAF into the hollow interior from
which it can easily be removed by rinsing or suction without stopping
rotation of the instrument or withdrawing it from the root canal. In other

embodiments, the debris can also be removed via the space between the



antiseptic or saline solution, to continuously flow
into the root canal, either through the center of the

w0 p@somIent or between the outer surface of theCT/IL2005/000086
instrument and the canal wall, while the instrunment is
wor ki ng, thus saving val uabl 5 time and i nproving the
debri dement and di si nfecti of p'r ocedures. The const ant

flow al so increases the efficiency of filing and
capredvenatls andogge nigpsthemenhalhei thsigenailowsudoarftuids, such as
debris. Anot her advantage of the hollow structure of

aﬂt’i@lp%':ol‘ Salid@kolutidbrl B8 BXtiheFBsH86wahtd BRE THPERANa), either
ure and breakage inside the canal, the separa t ed

B el RS TR b o R HR RS SR of i

extractors, no matter what the position of the broken
ingirgeeendtanchghe paralifrabt whiletthe insguneentals. warking, fars saving

of the crown is renoved and the pulp is cleaned out of

vdlhgbleulimechadtiaiprogitth ehe debiidetitnt aaaR dssihfectioe satalures.
i s obtai ned the SAF is inserted into the root canal.

TES JOHS all{]cStffo %&8&%&%‘1 th%t é)ffltcib%egapfll ]‘{1%%5 né qprevents

supere asti c

end of the r anal byfollovvln the path of Ieast
clogaingt &ﬁd@rx& hW Aertia-pud pandatdﬁgmt léawthﬁlé agiyentage of the

harder dentine). Prior art nickel titaniumfiles can

hdloso saelaptird éniel \B2sF tie tHie, dantdle skhafeene case of instrument
| ongi tudinally but are unable to change their vol une

fa800e ﬁﬂﬁtﬁ%‘éﬁ%{agﬁ gﬁ&d%%e%%al,%i Sdpnatd ¥ pheofald thstrument

structure o

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 out 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
much harder dentine). Prior art nickel titanium files can also adapt
themselves to the canal shape longitudinally but are unable to change their
volume and contour as can the SAF. Additionally the solid structure of the

prior art files makes them less flexible than the hollow lattice-like structure



prior art files makes them|ess flexible than the
hol low |l attice-like structureSAF. In Fig. 10 is shown

W0 b@s8AB2@adapting its shape as it is inserted RPEI/ICGIND0086
api cal end of the root canal. The instrunent is now
noved relative to the walls Qf the root canal in order
to carry out the cleaning, “iddeni ng, and shapi ng

process. The notion can be longitudinal, i.e. the
SAHs {n Jfeni0dashbwmive 8Alhadaptidgurs shapehes damalnserted up to
rotational; vibrational, i.e. the instrument can be

tieassiesl éi ¥f tHatRtR¥ngpnnecting it to, for exanple, an
ul trasound transducer; or a conbi nati on of these

notions. In the preferred enbodi nent of the invention

the SAF is rotated either manually or by neans of a

dental handpi ece. As the_instrument rotates, the SAF' s
The prestremest is ngropered rriadpee 1o thaewaheof $heresiseanal in order

agai nst the root canal wall in all the radial planes

toadaang otibehé eRgintn of widigihBsihdeBAbingp@TesS AN EBN can be
show cross-sectional views of the instrunent of the

' [ QNn: qutgi nskde shaped r oot
Lo b A RlnRl LR BrE s 308N EERE B e canel
shown i n ,Ei gs 8A and 8B are in radial planes wherein
rokaiapnaly cHoralaenal, preankhe dnpigument senabel cevwedi s vabrate by
single set- of circunferential elements. Since the axis
comhetting SiAFo, o ertiiralle,yah indisassuihd erddgicttdirnalcombisation of
of the canal, each plane intersects the walls of the

thegdl %oﬁ&n{ii H{‘tth?g%le?&rea%ggﬁigl%te bf the lilGerAbn! the SAF is

each of these p es is

rotated either manually or by means of a dental handpiece. As the
instrument rotates, the SAF’s super elastic property keeps its elements
pressed against the root canal wall in all the radial 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



ei ght segnments - 14a to 14d, the |ongitudi nal
el enents, and 18a to 18d, the circunferenti al
webk@sensse The material and structure of the SPAET/N20€/000086
t hreeproperties that allowit to carry out the desired
function. Firstly, the supergelasticity of the alloy
makes the device constructéd¥romit extrenel y
flexible, allowing it to be deformed to conformto the
pipepcofthiaheallawalit &b ¢dmrypost tthen dasiredi Gmdtion. sFirstly, the
| ocated. Secondly, the diameter of the original

. e : : .
sﬁégb%gg%ﬁgg %}es LAbe Rhkddehd AslicH RRbtriuste] GBI it eRBFbmely

the canal. Therefore the stress

SERS hab BIE b LSO FORSRRAE conal o

rotated and the super elastic property causing the o
thenpositioanat tohichyittis loeatpdn Jesondly, dhegliaapeter of the original
cyl i ndro-coni cshape. The internal force exerted in

A BERIMI stdteSoff Sl ikt Qriche i0rd@hbdl tisi@RBe diameter of the
constantly pushes the elenents of the device agai nst

t he ipner,. wal l of, the canal,.. Thirdly..each.el

caily MERHGEE heSebl FERRa inl T GilnoBE S SPRALRARAR from
able to stressed/strained up to 8% o 10%romit's

carthgh math shapwallgefethsi Aanah as Hbectnsttumenpasirofaigdopnd the
the alloy, thus allowing the internal volunme of the

sONT dlasiifprepsey Watibind the andrirhsnttemBnte réturneivrts original
i'n constant contact with the walls, even as nateri al

[ ntir i .

P PRERY b AL B gL O i et vt t
el ements 18a to 18d changes in I ength and shape, X

theergErd Py Jonskanthe pyshes dhe elpmentseof; the deven@gainst the
able to conformto the

inner wall of the canal. Thirdly each element made of the super elastic alloy
has the property of being able to stressed/strained up to 8% to 10% from it’s
original shape, depending on the exact composition of the alloy, thus
allowing the internal volume of the SAF to increase with time and its
elements to remain in constant contact with the walls, even as material is
continually being removed from them. As the instrument rotates each of the
circumferential elements 18a to 18d changes 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



| ocal shape of the canal wall. The fact that the
circunference of the instrunent is divided into four
webk@sense) each of which can i ndependentl|y chaPQEII20EN®0086
inparts to the SAF a degree of flexibility, an ability
to adapt to the shape of the _root canal, andthe
ability to expand in size t Rat goes far beyond that of
existing files. These properties can be further
thienbiBRS esleyakdiih dizeghnb@obn S epentd tidthofexisteag Gtes. These
nunber of peripheral elenments, however increased
Lhility; e ok [ ;
propERIER oY berhiath dhoRfedd BFb@LDe (R AREE AL WAth o
the instrunent raotates, jits cross-sectional s e.S.
erea st BRIFTPRGVRGCTY CoMEaithn POVENE Snasesed Hebility, ete.
canal wall and the | ength of the circunference of the
wilkbé gained ahtie plposeid thessteagth pfithe dewiseng as
material is renoved fromthe wall. This is to be
conpared to the situation with existing files in which
the shape of the canal is changed to conformto the

hape of the file and the fi.l es nust, caonstantl|ly be .

Thasi AR edRenPlare isﬁ8§’nofasl glg%éps P%tergﬁaﬁe%rﬁ%rcrf’%s'secmonal
cl ean, wi den, and shape the canal. The description

slgipeeis doestamap chengpp tesonformet the gheps of fhe senabwall and
circunferential elements |ocated in different radi al

tHY RRRIHhab 0N (R ukeREEALe0bf the ddisdd UiEMiat PlAfe is constantly

adaptation to the [ ocal shape of the canal and changes
. in contour and.length of e_cifycu r ' e
ineheaeroearradab i betud et (hf AT 2Bl R & Wihlired to
I ndependent of its neighbors._ This_behavior ,
the situation with existing files in which the shape of the canal is changed to

conform to the shape of the file and the files must constantly be replaced

with files of larger diameter in order to clean, widen, and shape the canal.

The description given hereinabove applies for each successive set of
circumferential elements located in different radial planes along the length
of the instrument. The adaptation to the local shape of the canal and
changes in contour and length of the circumferential elements that comprise
each successive set is essentially independent of its neighbors. This behavior
explains how the instrument of the invention can deal with the common
situation described hereinabove in which the canal narrows along much of
its length and then becomes wide near the apical tip before narrowing
again. Because the instrument is moved (rotated) as a single unit, the

amount of material removed from the canal wall, which mainly depends on



expl ains how the instrunent of the invention can deal

with the common situation described herei nabove in
wakiosh7@ske canal narrows al ong much of its | enpehI20es/000086

t hen becones wi de near the apical tip before narrow ng

agai n. Because the instrunent is noved (rotated) as a

single unit, the anmount of "rfRterial renoved fromthe

canal wall, which nmainly depends onhow | ong the
himsdngithenindtsumentliv edvolived,as sestntahlly consisinanilong ehg entire

the entire length of the portion of the instrunent

Sang S,

leﬁgﬁ{ %fe‘%llel o%otsnegt%ﬂ{ghigm%l amet er ac? i Seé}%%@g? rltc?gé#a &a?%o'm

its average dianmeter are such that the instrunment of

the invention can be designed to allow use of a single

instrunent to clean out the whole length of the canal.
Fdrralotost plledases ethedbodtions of thé didmetenaditheaopt tharal from its

outer surface of the instrunent is uniformy treated

aviePa £ @ ct&Ryal siahh WBhEthal 1nf551QIﬁ1é1Q1? ofefHe, 11'1%IMU§ Ran be

case essentl ally the sane anount of material wl
om.t he the ca each r.adi
e i b S et il Rp e Blen ce%%w%péedlength of
person will know how the instrunment can be designed
thgrrane}.-dax Hee peetgrreshembadimenisr of themmvantion, the eniter surface

at different positions along the I ength of the canal,

ofithetihbtruresmt s ugifdesily ededter wpaedrle Cre@ﬂ’(ﬁ}a{lcﬁt m@RSrial from
Based on statistical information regarding the

Ry RS SR AT, B AR b i v
the instr umsnt of the invention. It may be however,
reppyedfroms the wall of the canal at each radial plane along its entire
length. However, the skilled person will know how the instrument can be
designed and treated to allow non-uniform removal of material at different
positions along the length of the canal, if this result is desired for specific
applications. Based on statistical information regarding the dimensions of
root canals from a large number of teeth, a single nominal width can be
determined for the instrument of the invention. It may be however, that it is
preferable to provide instruments having several different nominal
diameters, for example a small diameter for a narrow canal and a larger
diameter for wide canals. In any case, once the correct size instrument has
been selected, the entire cleaning, widening, and shaping procedure is then
carried out using only that instrument which, once inserted into the canal,

is only withdrawn at the end of the procedure. It is to be noted that in some

cases, the channel to be worked on by the instrument of the invention may



preferable to provide instrunents having severa

different nom nal dianeters, for exanple a small
waele@swetmseo f or a narrow canal and a | arger di ankCBIL20@V000086

wi de canals. In any case, once the correct size

i nstrunment has been selecteg the entire cl eaning,

wi deni ng, and shapi ng proceée Zr‘e is then carried out

using only that instrunent which, once inserted into
havieeart axnedptionallynivydely tvadymsncrass seaiendnofhidrecase more than

procedure. It is to be noted that in sone cases, the

oreNABARIM &%, PR VIRE KGRt Mot 1 iﬂm@h@%n%iﬁfha{d%% be used to

i nventi on rmayhaveé an exceptionally w dely varying
cross.section, in i ch. case e than one instrunent,
SRRe: R Ao R0 Ao SORBERr 5. wi 11 have 0. be
used to shape, w den, and clean the entire channel.
The preparation of a root canal, using the self
adjusting instrunent of the invention is shown

Tiecpesprirbtishl of &irfst cfal, MWin@HHe 61 LHjuEARL 93P&IHent of the
havi ng round, flat, and tear-shaped cross-sections

. ' f es.ar rie i mages .

infERRRRY Rty poh SRR Suf 98 S8R5t o Tod Gpnals having
w dening step in the procedure. The inmages range from

roppd. Hatr and dgarsbaredrapsoaeetians wapecvelye Thandiguaes are a
the end of the procedure on the right. Fromthe

sefiegwf émaget shawihg theenagdatf the cleahbdd, Nth5Ag! 8ABERlening
a relatively uniformlayer fromall inner sur%aces of

St%? th ‘%ﬁg aﬂroﬁ@dﬁreia Pﬂ'zet ﬂﬁﬁggéﬁ %g%%%l ik MRk & Steoc{ gg(ﬁ%&nal on

eaned “out canal (rig IS very close
The, shapi ng and w deni ng_are

of {he original canal.
thﬁclﬁé B&,tfl%g,%@ia&]gatat snAe?f Hhgurecedure 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
wall as is the case in the prior art (see Figs. 6B and 6C). Using the SAF to
clean out the root canal, the nominal diameter and shape of the canal at
each radial plane along its length is preserved. In other words the shaped
and cleaned canal does not have an essentially circular cross section having
a uniform cross-sectional area along its length as is the case with the prior

art.



of the canal wall and therefore w thout causing
| ocalized thinning of the root wall as is the case in
wo b@sprizer art (see Figs. 6B and 6C). Using t hRCTBAR0G300086
cl ean out the root canal, the nom nal dianeter and
shape of the canal at each radial plane along its
l ength is preserved. In ot hé® wor ds t he shaped and
cl eaned canal does not have an essentially circul ar
Sleapiag, sedénionr, had dgamingntforsotaanss veieh tdnenalstau®ant, while
along its length as is the case with the prior

_ NG, : _ . o _
A RERARY B, Moy, Brdbhepdl Nt A0k gpheancly cut
flow of antiseptiqg,solution may significantly cut )

A B iot AAGTEORAI PR, o SR R Er sty with

the root canal with one instrunment elimnates the

onrelssBimypnbfelinmabee the arecksdityoof e cpephr Dhldwing doynplex
flow charts in order to acconplish a sinple root cana

artd BALIBEAbwPEIRGSE Yh Brdes tb SicHGABRSEd Sn S Yo8hbahsPtidd¥ment

rotary file systens. Heat-softened gutta-percha

net hods can ,be easi,l,y adapt f.or obturation of the
PPl PeaS togemesan KL Raf enerhe PRt Alp Rt of

the invention. Many variations in the choice of

materials and especially in the design of the
structure of the device are possible. For exanple, the

Heélevsoreerddesufiatpdiahe rhethdshdinl Be ANy Bibbid fRWbturation of

ot her types of material, such as, for exanple,
En e PR b el 3 e SRS o BB OFRES i i

havi ng circunferential and
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
canal work, can be replaced by other shapes which might be more suitable

for specific applications. Additionally the structure of the instrument need



| ongi tudi nal elenments wth a flat rectangul ar

bl ade-|i ke shape as descri bed herei nabove the el enents
w@ashase) for exanpl e, polygonal prism rod-|PKEIL2005/000086

curved shapes. Simlarly, elenents having pol ygona

(i ncluding rectangul ar, square and triangular), round,

and curved cross sections c&f-be used. The conbination

of original cylindrical shape of the instrunment and

ndtY bengké calmeonk ctishapefatiedr cidatlihesnt sfenhe BAR hdssribed
nost suitable for root canal work, can be replaced by

he%%ﬁ}ea{bé)g’?ia %ﬁgsmﬁg%r] t&ﬂ il lé;h%ﬂ?%ﬁégcttﬁwsegé %tbﬂ%o %%M‘rlrﬁes of

1 ona the structure

instrument neednot, he the sane as fhe preferr e
digfeersndi @mhpdmemmofsﬁ;e CRESEATBEH Of P8 AU ﬁﬁa dongitydinal
to H F show cross-sections of sonme exanpl es of
eléinbhes epe dyshath tedihs nofméded 20 snduthentcirofintfheential elements
i nvention. The longitudinal elenents are designated by

2B h A og&gg}:ebgﬁg‘ @Iﬁg _T&E'.f fﬂBiié'aa HSsigh- exfbPt that, in

hows Bis a simlar désign

except that, in this enbodirent,. gnly the outer .
thigp éémépt’t%gyltgﬁéﬂ’t%%?ﬁ poey af e bngindiRal Slements are in
with the canal wall. Using the enbodi nent of Fig. HB
conhectdebtthi she aan bl wadlrdysid g ufnecedbodimenighf e SpBcthe debris
bet ween the canal wall and the circunferenti al

cadl BEERhSvYE Idéﬁ\!élldél thrblh SNEHE WNINE hdBwbEr @HERahBB wall and the

center of thé device, or vice versa. The enbodi nent of
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material or teeth or they can be triangul ar shaped
thei ddvitderovicemedsd. éﬂimgmépéj(ment of Fig. 11C is triangular shaped.
The longitudinal elements can be round and covered with abrasive material
or teeth or they can be triangular shaped with the outward facing apex
acting as a cutting/scraping edge. The embodiment shown in Fig. 11D has a
siﬁgle square longitudinal element with four blades attached to it. The
embodiments of 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.



acting as a cutting/scraping edge. The enbodi nent

shown in Fig. HD has a single square |ongitudi nal
web@sens2wni t h four bl ades attached to it. The PCT/IL2005/000086

enbodi nents of Fig. HE and Fig. HF have a single

| ongi tudi nal el enent from which project radially a

nul titude of blade-1ike or wPPe-1ike el ements. The

nmeans of designing and manufacturing these and ot her

lanivoothee rerabodintdiet, ithstinatremerdf of biee iAveRMié®Romprises a long

|nclud|ng prOV|d|ng the necessary superelastlc and

f th
R0 TGN BERIBAY vPhieReinBerthd ihd Lo dBRf ORG Alet Bfnated. This

persons an ere ore w

d| socg ssed in Burthg getall rei n In anot her )
t%% Re TPASEPUAR VR WY nVeht 9¥mplemsn Hwgrument

a long narrow balloon, which is inserted into the
bekedeal tladestmmof the AR cafihbs beritboidi mitith daB decumferential

realized in several ways. For, exanple, an instrunent

ebaneftsonré hentR&iddanaf a tkhﬁlo%ﬁFlsC Aogehutd t’d&b nd%@}:«? rElong its

the circunferential elenents are renpoved an

d t.0 the devi,ce,al ngi t udi nal__axi_s
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attached to the device at the neck and to the distal
agtpghedftotthe deshes atithe akck asdeiot the diseali exsds ofrend 1drritudinal
inserted into the canal with the ball oon defl at ed.

eldeentisn Plosi insorumbhtliig issektd Qdts adel @Eﬁaf hBith. the balloon
interior of the balloon using conventlona technlque
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surfaces of
using conventional techniques and the balloon expands pushing the
longitudinal elements against the walls of the channel. The outer surfaces of
the longitudinal elements are treated or shaped in some way to enable them
to remove material from the wall as the instrument is moved relative to the
walls of the channel. With embodiments comprising a balloon, the relative

motion is preferably translational, i.e. the instrument is alternately pushed

and pulled in the direction of the longitudinal axis of the channel.

In an alternate embodiment, the device can comprise a balloon only which is
coated with an abrasive material on its outer surface. To give the balloon
sufficient rigidity, a rod or wire is inserted into the interior of the balloon
and attached at the distal end. The balloon is inserted 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



the longitudinal elenments are treated or shaped in

sone way to enable themto renove nmaterial fromthe
wowdos/0zs2¢ he i nstrunent is noved rel ative to tPEr/n20058000086

of the channel. Wth enbodi nents conprising a ball oon,

the relative notion is prefs ably translational, i.e.
the instrunment is alternate ;'pushed and pulled in the
direction of the longitudinal axis of the channel. In

pudlingl ther matteenehtrodi erthe directd®vicfethradongitpdired axis of the
bal | oon only which is coated wth an abrasive materi al

ch@Rnk! SwOUIGHs8 UERAT1I0E. 9bVaiokBerdlativeor, StHd ivfdieNleaning,
rigidity, arod or wire is inserted into the interior

of .the _bal ]l oon .and attached,a he distal ;end. The
hRgi oL s MR e dDF rGEITE JFA e Rndn soippisted the

pressing the sides of the balloon against the walls of
balloends dafleted Tnd wishdrawe frase the chanpekf er abl y

transl ational i.e. pushing andpulling the internal rod
in the direction of the longitudinal axis of the
channel will cause the balloon to nove relative to the

[l .cl ' apj : ' ' t g
AR giE R s P e AR b CBRY Bt IR, 'y of
Wthdrawn fromthe channel. Although, enbodi nents of )
illpplgationeHt Woh bpavlesaionddbat the saventiominast be carried out with
illustration, it will be understood that the invention
maRy vaeiatimns atbdifitatioid) amnydagtati®hspwsthout departing from its
nodi fi cati ons, and adaptations, w thout departing from

Lt R EY ﬁgﬁi . pe of the clains.B
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Crui ckshank, E, Techni cal



standard of root canal treatnent in an adult Scottish
sub- popul ation, Br Dent J 182: 382-386, 1990. 2. Wi,
wWORMS/HORBN i s, A, Borkis, D, Wsselink, PR PreRel/Er20&/000086
and extent of long oval canals in the apical third,
Oal Surg Oral Med O al Patggl 89:739- 743, 2000. 3.
Tan, BT, Messer, H H, The quality of apical canal
preparation using hand and rotary instrunents with
specific criteria for enlargenent based on initia
apical file size, J Endodon 28: 658-664, 2002. 4. Wi,
MK, Wesselink PR A primary observation on the
preparati on and obturation of oval canals, In. Endod J
Bf’b‘ii%gz‘e{ ﬁg 2001.Cainms 1. An instrunment for cleaning
pi ng and/ or wi dening a channel that exists
in or through a solid object; characterlzed in that
1.t Haupses Wiy Seteders pyPashad Ji nGrwigkshenky f Technical
outer contour of said instrument, or both change
stadar ofigeot Banaldéredtmesitajpe anahdulitnSéattisRNEWl- @obﬁ&tmn Br
t hr ee-di nensi onal contour of said channel. 2.

Dérﬂﬁf HYESGo @ggow@,d}g to claim1, wherein the shape of
the

perimeter of said instrunment adjusts during use to

canf ,t he l.0 ros section of
2. ﬁﬁw%% O, BaBhRisalu Wispsalink, doke Bocenlenes emd extent of
l ength of said-instrument that is inserted
long oval canals in the apical third, Oral Surg Oral Med Oral Pathol 89:739-
743, 2000.
3. Tan, BT, Messer, H H, The quality of apical canal preparation using
hand and rotary instruments with specific criteria for enlargement based on
initial apical file size, J Endodon 28: 658-664, 2002.

4. Wu, M-K, Wesselink P R, A primary observation on the preparation and

obturation of oval canals, In. Endod J 34:137-141, 2001.



into said channel. 3. An instrunent according to claim

1, wherein said instrunent is nmade froma superelastic
woreaosov@ko 4. An i nstrunent according to clai nPAQT/IL2005/000086

wherein said instrunent is made from material having

shape nmenory properties. 5. _An instrument according to

claim4, wherein the materi AP -of which said instrument

is treated to give it shape nenory properties.6. An
Claists unment according to claim3, wherein the

superelastic material is a nickel titaniumalloy. 7.

AR i NALT YERL nRGRO (%'arlﬂeérﬁngl ahlct sWapHR mddier Wlfdemng a

i nstrunent having shape nmenory properties is nmade
a nic

d t
ool efanglanBt SR oY sBrortal b A BB oo neer f od

in the channel and used for the entire procedure of
cldbaniactgriand/iorthehabe ngnenspvbimeiedelvisad byaiadd dhatmehent, the
before being withdrawn. 9. An instrument according to

ChatdP cont¥bie 6? sRid fsts@ndnkst botEEhaREAkSiddake @ntdiﬁer to
channel t he broken piece of said instrunent can

i e
mhereln the body of said

2. An instrument according to claim 1, wherein the shape of the
perimeter of said instrument adjusts during use to conform to the
perimeter of the local cross section of the channel at each radial
plane located along the length of said instrument that is inserted

into said channel.

3. An instrument according to claim 1, wherein said instrument is

made from a superelastic material.

4. An instrument according to claim 1, wherein said instrument is

made from material having shape memory properties.

5. An instrument according to claim 4, wherein the material of which

said instrument is treated to give it shape memory properties.



instrument is conprised of one or nore | ongitudinal

el ements and one or nore circunferential elenments. 11.
wa@\oosnBeanent according to claim 10, wherei n PEEIL2005/000086

| ongi tudi nal and circunferential elenments have a

t hree- di nensi onal shape chosen fromthe group

conprising: - blade shaped; - - 34 pol ygonal prism shaped; -

rod shaped; curved shaped; and - round shaped. 12. An

i St r uRRNhsBeeesd ngedrding atoncléim wierweherdihethe superelastic
| ongi tudi nal and circunferential elenments have a

CrosSS; 58 fa‘fqgg rﬁ@l?ﬁ%l%l?ﬁ‘&ﬁnaﬂn}pm the group

conpr|3|ng - rou curved; and -

bl ade- shaped. 13 An i nstrument accordlng to claim10,
wherein the | ongitudinal elenments have a shape

sel ected fromthe group conprising: straight el enents;

amd An instrument according to claim 4, wherein the instrument

having shape memory properties is made from a nickel titanium

alloy.

8.  An instrument according to claim 1, wherein a single instrument
can be inserted in the channel and used for the entire procedure of
cleaning and/or shaping and/or widening said channel before being

withdrawn.

9. An instrument according to claim 1, wherein, if said instrument
breaks inside the channel, the broken piece of said instrument can

be withdrawn from said channel without damaging the solid object.

10. An instrument according to claim 1, wherein the body of said
instrument is comprised of one or more longitudinal elements and

one or more circumferential elements.

11. An instrument according to claim 10, wherein the longitudinal and
circumferential elements have a three-dimensional shape chosen

from the group comprising:



curved elenments. 14. An instrunent according to claim
10, wherein the circunferential el enments have a shape

w@edosormsado f rom t he group conprising: strai ght PCEIER00%000086

and - curved el enents.15. An instrument according to
cl ai m 10, wherein the nunber _of |ongitudinal elenments
is at least one and the cirednferential elenents are
di stributed along the |ongitudinal axis of said

I nstr upkide. shpedAn i nstrument according to claim 10,
wherein the |ongitudinal and circunferential elenments

defi_ne &S’goémﬁﬁsm ipnal shape of said instrunent,

such sh g an enpty vol ume surrounding the

| ongi t udj %?fi( said volunme bounded radially by a
wal |- gl@a ’open lattice-like structure. 17. An

i nstrument according to claiml1l, wherein at |east a
par t- ofuitved dhiped; sndf ace of said instrunent is
constructed or nodified in such a way as to allow said
instrui[]ae,g# ve material fromthe wall of the
channe %%H?fé ative notion takes place between said
outer surface and said wall. 18. An instrunent
according to claim 17, wherein at |east part of the

12. An instrument according to claim 10, wherein the longitudinal and
circumferential elements have a cross-sectional shape chosen from
the group comprising:

- polygonal;
- round;
curved; and

- blade-shaped.

13. An instrument according to claim 10, wherein the longitudinal
elements have a shape selected from the group comprising:
- straight elements; and

curved elements.

14. An instrument according to claim 10, wherein the circumferential
elements have a shape selected from the group comprising:
- straight elements; and

- curved elements.



outer surface of said instrument is coated with a

coating of an abrasive material.19. An instrunent
wa@ewsndi3eg to claim 18, wherein the abrasi ve nBCEIL2a05/000086

is chosen fromthe group conprising: dianond powder;

titaniumnitride; and tungs% n carbide. 20. An

i nstrunment according to claPm 17, wherein at | east

part of the outer surface of said instrunent is

roughened. 21. An instrunment according to claim 17,

wherein at |east part of the outer surface of said

| NSt 1 ARE ff ste QR LS @S cdldiRs Oles chiBl 110, ehlreid? thénnumber of
i nstrunment according to claim 17, wherein at eas

oo BB UBLS SRUAlSR B A PSP, SR APRusa

17, V\herel n the relative notion is chosen fromthe
gr oupplemaphs sayey: distributad odongr ke tugdfidinal axis of said
vi bration; and a conbi nation of two or nore of these
not i dAstradnerdn i nstrunent according to claimi,
wherein debris resulting fromthe cl eaning and/ or
shapi ng and/ or wi deni ng can be renoved from

16. An instrument according to claim 10, wherein the longitudinal and
circumferential elements define the three-dimensional shape of said
instrument, such shape being an empty volume surrounding the
longitudinal axis, said volume bounded radially by a wall having an

open lattice-like structure.

17.  An instrument according to claim 1, wherein at least a part of the
outer surface of said instrument is constructed or modified in such a
way as to allow said instrument to remove material from the wall of
the channel when relative motion takes place between said outer

surface and said wall.

18. An instrument according to claim 17, wherein at least part of the
outer surface of said instrument is coated with a coating of an

abrasive material.



t he channel while said instrunent is inserted and
working in said channel. 25. An instrunent according

W 20080320 24, wherein the debris is renpoved viBCT/2005/000086
interior of said instrunment. 26. An instrunent
according to cl ai m 24, mhe&gbn the debris is renoved
via the space between the wal'll of the channel and the
outer surface of said instrunent. 27. An instrunent
ad8or dimginstrwhanin accopfigrzeite folaim &&n Wheweinnthet hbrasive
channel while said instrunent is inserted and working

i N sam@teHanzedhosés fraif thegrbupRAmpaesasdi ng to claim
27, wherein the fluid flows via the interior of said

instru . instrument according to claim 27,
mhefeigﬁgﬁ%n%gawgg?loms via the space between the wal
of the channel and the outer surface of said

i nstr ubbRLUEY NitkEle; @axdr unent according to claim 1,
wherein, during the procedure of cleaning and/or

shapi ngusgsdéneaybideni ng the channel, a relatively

uni form anount of material is renoved fromthe wall of
said channel along the entire insertion |l ength of said
i nstrument in said channel.

20. An instrument according to claim 17, wherein at least part of the

outer surface of said instrument is roughened.

21. An instrument according to claim 17, wherein at least part of the

outer surface of said instrument comprises numerous small teeth.

22.  An instrument according to claim 17, wherein at least part of the

outer surface of said instrument comprises a cutting edge.

23. An instrument according to claim 17, wherein the relative motion
is chosen from the group comprising:

- rotation;

translation;
- vibration; and

- a combination of two or more of these motions.



31. An instrument according to claim1, wherein,

during the procedure of cleaning and/or shaping and/or
wow@eniago t he channel, a different amount of neCEIL2805/000086

is renoved fromthe wall of said channel at different

positions along the insertigg | ength of said

instrunent in said channel . An instrunment according

to claim1, wherein said instrument is inserted into

t e chanisitrement eiearding pastam hmdeyhin debBareselting from

| ength of said channel. 33. An instrunent according to

cl ai nghb, cl\é'ﬁﬁm%] An8RirGcHapshs WRIbr Wadémeer ¢4 beNte@ndhRel from
channel such that it passes through only a portion of

the enti e .l enat h.q10f I l.. .34, instr nt - .
ccor Beng e s ST s 2R bR AR sesa
cl eaning and/ or shapi ng and/ or w deni ng the channel,

the ciwagdctional shape of said channel, along the
entire insertion length ofsaid instrument into said
channel, is essentially the sane as the

cross-sectional shape before said procedure of

CH8aNAR0 {RBHARh oSN U BRLAN 4O kALY 3R AnC AN Ak bris s
35." An 1 nstrunent according to claim™, conprising a

| ong narrow bal | oon, which i.g.inserted into the

chani@mesed YiRdheilRFerag .Sasé.m%arum%}tr ument according

to claiml1l, wherein said instrunent is an

26. An instrument according to claim 24, wherein the debris is
removed via the space between the wall of the channel and the

outer surface of said instrument.

27. An instrument according to claim 1, wherein fluid can flow into the
channel while said instrument is inserted and working in said

channel.

28. An instrument according to claim 27, wherein the fluid flows via

the interior of said instrument.

29. An instrument according to claim 27, wherein the fluid flows via
the space between the wall of the channel and the outer surface of

said instrument.



endodontic file, the channel is a root canal, and
cl eani ng and/ or shapi ng and/ or w deni ng of the channe

w@eopoises the cl eani ng, shaping, and w deni ngPGL/HQ@051f00086

a root canal procedure. 37. A nethod of using the
instrument of claim1 for cl,eaning and/ or shapi ng

and/ or wi deni ng a channel fﬁgt' exists in or through a
solid object said nethod conprising the follow ng

sBepsAn instsemenqesaiding e ctaime At Whereins siuting sheerocedure
causing rel ative notion between said instrunent and

the wet dlehiriRhAdehanaging an@Bt vddahing theamyhhg, bhelatively
debris resulting fromsaid cleaning and/ or shaping

ot 1 o et ey o arreitens area S B chF' BRIGBr said

channel takes place;- optionally, causing fluid to . .
f1 ow thamndailangharmatingtinpertion leneshafispéd dpstrgment in said
between said instrunment and said wall of said channe

t akescipd@esl; and renoving said instrunent fromsaid
channel when said cl eani ng and/ or shapi ng and/ or

wi deni ng have been conpl eted. 38. A nmethod of using

the endodontic file of claim36 for cleaning, and/or

shapi ng, and/or w denipng a root canal, said nethod
31'.0 A?n instrument accor&%g to claim 1, wherein, (furmg tﬁe 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
different positions along the insertion length of said instrument in

said channel

32. An instrument according to claim 1, wherein said instrument is
inserted into the channel such that it passes through the entire

length of said channel.

33. An instrument according to claim 1, wherein said instrument is
inserted into the channel such that it passes through only a portion

of the entire length of said channel.

34. An instrument according to claim 1, wherein, after the procedure of
cleaning and/or shaping and/or widening the channel, the cross-

sectional shape of said channel, along the entire insertion length of



conprising the followng steps: - inserting said file
into said root canal; causing said file to nove

WO edoanioseo to the wall of said root canal; optiPCEIL2995/000086
renovi ng the debris resulting from said cl eani ng,

shapi ng, and w deni ng fron1i id root canal while said
file noves relative to said*wall of said root canal
optionally, causing fluid to flowinto said root cana

whi | esasdiithstivumeenbuel seidachamndloissisgeniaplly tbe samg as the
root canal; and - renoving said file fromsaid root

canal .y ¥he8e&3d th1C |sﬁ§gé NBefosdagiidd proceiumededi cigahdve and/or
blee_n conpl eted. 39. nmet hod according to claim 37 or
cl ai

m,38,. wherein _nore ne fi;le is used to clean,
andl chagingen B pE it Al el
35. An instrument according to claim 1, comprising a long narrow

balloon, which is inserted into the channel and then inflated.

36. An instrument according to claim 1, wherein said instrument is an
endodontic file, the channel is a root canal, and bleaning and/or
shaping and/or widening of the channel comprises the cleaning,

shaping, and widening stage of a root canal procedure.

37. 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;

- causing relative motion between said instrument and the wall of
said channel;
optionally, removing the debris resulting from said cleaning and/or
shaping and/or widening from said channel while said relative
motion between said instrument and said wall of said channel

takes place;
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optionally, causing fluid to flow into said channel while said
relative motion between said instrument and said wall of said
channel takes place; and
removing said instrument from said channel when said cleaning

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

38. A method of using the endodontic file of claim 36 for cleaning,

and/or shaping, and/or widening a root canal, said method

comprising the following steps:

inserting said file into said root canal;

causing said file to move relative to the wall of said root canal;
optionally, removing the debris resulting from said cleaning,
shaping, and widening from said root canal while said file moves
relative to said wall of said root canal;

optionally, causing fluid to flow into said root canal while said file
moves relative to said walls of said root canal; and

removing said file from said root canal when said cleaning,

shaping, and widening have been completed.

39. A method according to claim 37 or claim 38, wherein more than one

file is used to clean, and/or shape, and/or widen the channel.



