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I NSTRUVENT Field of the Invention The present
invention is related to the field of tools.

Wégﬁ%%gﬁal ly the present invention relat eSp 10 s /000086
PAstrument for cl eani ng and/ or shapi ng and/or
wi deni ng a channel, existing in or through a solid
obj ect. Background of the lnvention 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 Bibliography
whi ch i medi ﬁ%&hﬁr Tﬂ There are many
situations i e an
instrunment for cleaning out and/ or shapi ng and/ or
wi deni ng a channel that exists in or passes through a

solid object. One of the best exanples illustrative of
the problem and of the shortcom ngs of the prior art
is fromthe field of dental instrunments, specifically

Fidldaf theRivedtasedur es. Root canal procedure is one of
the nost demandi ng tasks for a dental surgeon. Root

Thé gpé'%lenf RRLIRAS Ma&gpé)/ &@é@i@ FEdé. L%]%(}anl 213’%@ r%‘egent

nsists of two stages: shapi ng,
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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




all tissue remants, shaping the canal space and
disinfecting it, while the second stage is ained at
sealing the root canal and preventing its

ng@g@%ﬂ nation. Failure to achi eve either Pégé%?@?/lﬁgoogs

may result in persistent apical perio
associ ated with periapical bone resorption and
occasi onal or chronic supp@r-ation. In the sinplest
case, in which the canal is relatively straight and
cohgistetof tve) fsigeel (n) Uhifiagleakity| ahd GrassmReEtthe oot BEnal
work is carried out by starting with a snall dianeter
' I i oK t f l&) d. ' Pt .
S o O g e e A kAl BRACL b buing
.l the desired final dianeter of the,canal_ is..
ot Bbite Aol dft RBbpincde, cPRETPAE apt icifEng ipnnile the
conyventi onal staénless stee| files will nost probably
sepquich| 428 1§ BYBed gital serling othe reak memel 1wd corsweniing” its
whi ch the curvature is not too great, nickel titanium
regintemifaties Heduwpblte achievdapthémefighbsegobls tiay result in
| ongi tudi nal curvature of the canal; thus achieving
pebsibtent aptell jesiodoatieiver asseiatddN it bekghichl bahd %ﬁorﬁtion
e

alloy files cannot adapt thenselves to changes in t
anﬂ%@%iox?a[lo@ic?:%ﬁ%u?ﬁu hgncanal , therefore a series of
fil | ear .

es nmust be used 10 clean out a canal as is the

case with stainless steel files. Al so the use of any

type of existing Me in a canal having non uniformor

non circular cross-section results in_a canal that is
Ingthergimpleit eastpierBiigh dhei9aa! durelativehie straighigand \hes a
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| east as large as the maxi mum w dth of the origina
witianamall diameter instrument (known as a dental file) and replacing it
with a series of increasingly larger diameter files until the desived 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.
The crown 2, covered by enanel 4, is the visible part
tooth. The root 3 is below the gu <
Wg%%ﬂ%/@ﬁgZOt he tooth in place in the jaw boﬂ&%ﬁ%?lﬁwwﬁ
the dentin 6, which conprises the principal nmass of
the tooth, is located the pulp chanber 5 and one or
nore root canals 7, both of which are filled with
cir@UhP cbssBe@ton, ZAetniRenm dlanstermbewhirh impbieast apdale as
the root canal procedure. In the first step (shown in
thd indxintdh Wlth oPthd BRgmaPWhALS renoved and the pulp is
cl eaned out of the pulp chanber. In the second step
(Fig. 2B) the openings of the root canals are
wi dened. Then (Fig. 2C) the canal systemis shaped,
cl eaned, and wj dened, regpving, all | rtj.cles.an
The RPakRbAL & paptl 18 Shay™ 1%%3% X TapoRRhiALlY ton fig d
the clean and disinfected root canals are obturated.
intBriwo dectidns. Thielcorwn 2acevenest oy evmmehdiisdhetvirible part of the
profession is willing to acknow edge. The comonly
toolib OTiedradt 8de delavatiesgane ahd sadhomsi thetookh irspladé Bsthe jaw
carried out in teaching institutes and/or by
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was fvl ent. (1). This represents, nost probably, a
arg,Hbe Eﬁﬂ:"g’i PUP &t treatnent (1); nevertheless, it may
al so represent a basic flaw in the common approach to

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
gstudies carried out in teaching institutes and/or by endodontists.

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




root canal treatnent. Root canals are usually

percei ved as having a gradually tapering dianeter
with a round cross section (Fig. 3A). This may be

wd bSodogy MR upper anterior teeth howeverpe Syl
romreality in mny of the bicuspids and no(ars. n

these teeth ribbon-like root canals, wth a flat
cross section (Fig. 3B) ard-common (2). The fl at

di mension of these canals is at the bucco-lingua

aspbcdton WhilCipits 589 o$€RA eQfodntREPAFaRAd te 2 YsWiliohl
has its maxinmal width at 5 mmfromthe apex. Thi's

1&5&§§%g%vk§nt§ﬂpecially pronounced in the second upper
bicuspids, 1n’distal roots of lower nolars, as well
as in many canines and | ower incisors. Additionally,
canals wth a tear-shaped cross section (Fig. 3C) are
conmon in roots that have two canals, such as the
Thigs FaITesdtts BPst olkbaRbl arts Ra%E tm@disy ofof ustratmient st(1);
bi cuspids as well as in many of the nesio-buccal roots
negérthelses. ihmlagr also Thpresérice babiatilast in the towswon approach to
anatonical variations are not seen on a regular
rogiechagl ¢alatmedt.0Roaphedrmlonge Ofisddlly nRA6ANSI f Y Hdng a
conmon m sconception and presents a major obstacle in
TRV : : =R j ogant i .
oA S0k S s SRR 8, s oy
RPCI/ | 05/.000086 _:5: The traditional, co n, o
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canqgﬁgggjlizﬁéjggfd files having round cross-sections
mafyyoh thg Bieyspd majprse dpdbesm iteeth apbon -tkeg raat icahals,
use of files of increasing dianmeter, with intermtted
with ashathgroas tshction (EeptiB) sl unimon (ResThé Slatndimaaival of
in which a
these canals is at the bucco-lingual plane, which is not seen on a radiograph,

and usually has its maximal width at 56 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-buceal 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.




cylindro-conic gutta-pecha cone may intimately be
fitted in the apical part of the canal and used as a
"master cone". Wth the proper paste type sealer and
W@S&?B’fb?ﬁ)y cones they are expected to seal t%?rﬁ%og/%oos
part of the canal. The common cl eaning, w eﬁlng, an
shapi ng procedures are designed to adapt the apica
part of the root canals t®-the form of these
standardi zed nmaster cones. This commopn concept is
Theltas@dio0R), tdderhomgmpedach fopoleanirm|withaingh andshepingiroot
cross section, which may gradual ly be enl arged by

candl® Lﬁ‘lﬁh%s’ ﬁén& F1hD B asharfeld cssbadiidislizdd sasidardized
cone. t hough suitable for anterior teeth, when
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shaping, a_flat oot .canal with roung f.iles idl g
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recesses along the root canal filljng, untouched and
cylifdid-cafic girterpeche sonmmey inEmaselybe Bitehén ghe ppicgl part of
This will inevitably result in failure. Recent studies
theicadhT ahe ddadtast hi‘masiprabphen VMétimibh proper pashedype Isaaler
previously appreciated (2, 3). Wen using traditiona

and"20d:08Y Losibatid e shineted id asaltbemmialt ias efric eanak
are Tnevitably only partially cleaned. -In Fig. 4 is

shown a f. st:aj S : i
T e B BEh oo 26 T aEs RadPgbiny BEes, are gostpned to
experience is. n ssary to.chogse ;t he proper .| engt
adsgh g TN 5T LRE TRHG IS (G B8 R St TR P RET s
to the bottom Wen the root canal curves it is only

magesstise to follow the curvature by increasing the
di anmeter of the canal. This problemis illustrated in
Fig. 5A

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




If the curvature of the canal becones to great,
generally near the apex of the <canal, then one of two
undesirabl e situations arises. The first, shown in

wohfdsoronlg 1S that the process is term nat e%éﬁi‘ﬂow&{&ﬁsﬁ
e

In creation of a ledge in the canal and debri
untreated | ower part of the canal. The second
alternative, shown in Fif-5C, is that the procedure
continues until perforation of the tooth occurs, also
steel BSHldsi Y ghentaddadlos expaniahceols npessargntcachymseribe @oper
other major difficulty encountered during root canal
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' es breaks and can not be renoved, a not infrequent
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case.of K-files, current |eading nickel titanium

If theauavature b shexsanal beepraes toegrpaly goneralint neardhe SgE of the

gradual |y enl argi ng dianeters but, unlike the
candll thell essobtveetinddshedle siteatidisearises. Abadirst, shown in Fig.
longitudinally to the canal shape. N ckel titanium

5B, EOhRYHe i%ﬁe@rﬁ tefiRted kbGilfng andeatlid0vf hhedge in the
Oper at Or 0 COITp ete a case in a sonewhat shorter
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of a perfect ro ctfi,on and the cl eanin
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done. Recognition of the above problem has | ed_sone
perforajias of dhgl tastk msepts; edsq geselsing dera salpproamel or apex

enl argenent of the apical part of the canals, to a
enladzamener 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 staiﬁless 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




that wll include the flat remaining parts. The
preparation of a root canal by enlargenent for root
canal s having round, flat, and tear-shaped cross-
' is showmn schematically in Figs. 6 a
W@@b%]{é@g%ctively. Such enl argenent coul d ngfc e2@5@®0§6
done in bent root canals with traditional stainless
steel instrunents becausel of their rigidity (3).
Rotary nickel titaniumfiles made it possible to
is ofeNpafae roend cempabaidnnamd thestlabningaif thé recestemviarflatol rat
to accept a No. 45-50 gutta-percha naster cone.
tear%‘éﬁ%&ﬁ&ﬁﬁé%snoﬁ&ﬁ&.appr oach has two short comings: it
may frequently lead to either unwanted excessive
| ocal thinning of the remaining root canal wall (2) or
to the use of a single-cone root canal filling in the

api.cal thjrd of the . canal.. The firsf ma ead tg.a
Recagngffiet of the abRey BEPblomy Bas lad Foe mRlrerobe ?ugaﬂr}%éest 123
second was discarded |ong ago for its inferior sealing
consadsirla furdaer enlargeatend oéthe apicalpart o Shscarpds, db aniiemeter
required to really include the recesses is so large
thatt ¥al irdudd the flavsemainpey bariat i Dhe plegdratioandla mwak lcah2)
(see Fig. 6B and Fig. 6C). W 2005/070320
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ing, and obturation of root canals with non-round
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both during use in cleaning and/ or shaping and/or
stainlegiorstorg sthaneds, bessiiss iof hiofr aigidiky dayh Rotary mickel
titanium files made it possible fo 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 ca_nal 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).
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a solid object, in order to shape itself to the

channel's three-di nensional contour. It is another

pur pose of the current invention to provide an

ic file that is capable of cleani -

‘WQEQ%@ﬂéﬁhnd wi deni ng root canal s havi ng Cﬁ%g@ﬁggmmmm%

and/or non-circular cross sections. It is another

pur pose of the current invéhtion to provide an

endodontic file whose contour varies during use thus
Thé issuk 0f clehBints evidbnid g Siife.fdd RobiRfraBbn of Qéétr c%nﬁféo\'}sdth

canal procedure. It is yet another purpose of the

LA end.kon  t r.OMi ontic, instrupent

LRI L ek | e 0 BB R A, Bgetifa piient
s&ﬁﬁb f longitudinally to the curvature of the root

canal’ up to its apical end. WO 2005/070320

PCT/ 1L2005/ 000056 It is still another purpose of the

current invention to provide an endodontic instrunent

t hrough which antiseptic solution can continuously
Ttfis dherefore a harpaseatf thawatrenh ibeentimkingrotife bS @strument

further purpose of the current invention to provide an
thab docpabie of thengihBats MIGric eHifiel B oYir IbLBLE! during use

endurance and strength than existing instrunents uge
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further
| C fi that, requir jgni.ficaptly less tinme:
a ? @9% gﬁ‘é %ér’ mor '(5)15) erctgnt‘élfape?#ggﬁ&ﬁbg rgRe %itgjf‘?en@mensmnal
ipstrunents. It is a still further purpose of the

CoRtent invention to provide an endodontic instrunent
that is significantly easier to use and has a
significantly shorter

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.




| earni ng curve than existing instrunents used to
performroot canal treatnents. Further purposes and
advant ages of this invention will appear as the
I p{i on proceeds. Summary of the Inventj
Wg?@é’é@? % nvention can be realized in many o‘%‘?‘?%%-@%{mm
enbodi nents and has applications in many fields in
which it is necessary to <®ean out andlor WO
2005/ 070320 PCT/ 1L2005/ 000086 -10 shape and/ or w den
It & S12RR6 her SHrpbid @l iHe Airrddiidugitich sobieli@dhaGhdodontic
Exanpl es of such applications can be found, for
in Cohrbis Wb A8 kb ti ol dted Bh EdrBhflSoRdy Ablithid ehe
or oil, dental surgery, and materi al naéﬁlnlng. I'n
rder, tp..best,illustrate the many advantages of the
rmﬁﬁ%??h%ﬁ%?“’%kgﬁ% i nvention over existing tools, a
speci fic enbodi mrent of the invention for use in
dental root canal treatnent, one of the npbst demandi ng
applications for instrunments of this type, has been
It ishoBebhexrpurpmosd pithe eurrent anenonie pravidegn andedpntic file
be descri bed herein. The preferred enbodi nent of the
th#tndedosigntfidanslyr areaterokntivmnicaventi strengkin otlmrh exxidting
as the SAF (self adjusting file) is a nickel titanium
indtAShEMERAED €6 pBrftithGUst &8ldl tedimehtdlg 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. Sinultaneously this

proper onbined with uni qu eonetr ives.jt
Tt 55 Bt BT | P00 aofafie [RET EoHe tpagide 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



the canal walls. Wen inserted into a narrow canal it
wi Il have a contour narrower than its original one,
which will gradually increase with use, thus allow ng
' used as a single instrument for t m‘ie
W¢%03%/87é’22(n%al procedure. Mving the instrurre%é 905’300086
invention in the root canal, preferably by rotating
the i nstrunent but optiondDbly by noving it back and
forth in a direction essentially parallel to the
shdRNAntrei RadlerdXd Scheinkl)eegiatial irororbyheaigdi Bg dolidt Gbject
vibrate, will result in the renoval of a layer from

at f val of ala
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shapi ng, w deni ng, and cl eani ng, w t,hqut .unwant eg

ordecil PoetgtiuRtrAientre Sramha@dvarpagR o b éﬂ%r}mlawe of the
design of the instrument allows it to adapt itself

invieotihn dvengkistide tadlsya snecifin embedimerdoidetingrnkion fathase
follow the original three dinmensional shape of the

in GeOwHal eadtadanal bremtmantaoas ofliehmastr danmah dimgsspplieeibhe dor
will be enlarged as round, while a flat canal wll be

ins®RlREASGf BSisAyhe, Has HeBARho&in &Y HATBItEH RSO RS- 1B Bihg
the trickiest canals, those with a tear shaped cross

sect | ) jally maintain their original

ex%rﬁg%gs%ﬁu&%#é]?ﬁ? ei%esi gn of the instrunent allows it
to achieve different shapes and dinensions along the
| ength of the canal, thereby allow ng effective

cleaning of the entjre canal w thout excessive, .
The prefervryl erbpfianening] theaepdodophe ingleppwatof theeinyenipn,

art to extensively enlarge root canals in order to
knownl| heeein 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 fo 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




in their dianmeter the flat or tear-shaped recesses is

thus elimnated. Due to the special open and/or holl ow

desi gn, antiseptic solution can continuously flow

into the root canal while working, thus sa i:qg} <
WQ/‘E'I"%QB?Z time and inproving the debri derre:/?t %P”“““"“"f

di sinfection procedures. The constant flow al so

i ncreases the efficiency-a1-filing and prevents
clogging the canal with dentin-nud and debris. WO
retﬁﬁp 26 HL34Li BELbhhZ @BaHE00DRS insthdmdhe wallr helsUp@iform an
esign of The self adjusting file of the invention
1de LOVS. L 0p:4.2kA8 bingl ddan; FIRt&PRRaRSePthinni
1de$1h§1%ar;p&n n%’n‘?ldfeg%ﬁ%gaa%%ﬂébg’a{zgggﬁ?%i de “the canal  Re
1%geci al | y designed extractors can be used to easily
of the¥80%"eHe separated part of the SAF, no matter what
the position or depth of the broken-off part is in
the root canal. In a first aspect the present
invention provides an instrunment for cleaning and/or
Tishapiqge akdigr ofi eniingtramemanabBéws Hikt texd itselfr both
through a solid object. The instrunent of the
long¥EMAIBNahE i6heagbey kedtibi ant Malusifolownther origivlalithree
contour, or both changes during use in order to shape
dirhénsiéh 1N 0 de b endli BB 8L AR TIRQN L O UWbnOF widh th GBAAN&Iross
n particular the shape of the "perineter of the

i,pnstrurent .adj usts duni ng.Uuseq1.0 t
seciBprt] o erIg A oy PR ACA AT o b o g flat
- at each radial plane_| ocat.ed, al an the | ength t he
canesit reHD SRR ESEP. B PRGOTH Tl HORS YFiB & toar
instrument of the present invention can be nmade from a
shapeplerresmsdction, will esdeatialliydnainteirethied onigingh sbaphdfuriher
or has been treated to give it
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 éfﬁciency of filing and prevents clogging the

canal with dentin-mud and debris.




shape nenory properties. In a preferred enbodi nent,
the instrument of the invention is made from a nicke
titaniumalloy. Preferably a single instrunent is
into the channel and used for the

ng@%’érggﬁ'e of cl eani ng and/ or shapi ng and/ or® ﬁh@r’é@?’ Ay ose
the channel before being withdrawn. In sone
applications, nore than oh2-file is used to WO
2005/ 070320 PCT/ JL2005/ 000086 -13- clean, and/or

The RERGtuAN Wz b (P adfwatingl filel §f theinvestion nlatvs top
breaks i nsi e the channel, the broken piece can be
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enent one or
circunferential elenents The_l ongi t udi na
sepgraiodnpartent the SéyEs it patteraiheh thepasiion Oalcfrét% Gnthe

shape chosen fromthe group conprising: blade shaped,
bragkehyodiopadt ipin slme wiehpaekl. r od shaped, curved shaped, and
round shaped el enents. The cross-sectional shape of
the longitudinal and circunferential elements can be
chosen fromthe group conprising: polygonal, round,

Tn Q"€ r%%g@& 18 §enﬂila.eelt@&9 k488 b SheTaRcn: 356 lehfing

circu rential elenents can be straight or curved. In
ferred 0 I
anf s S UF PG b el MIRELRe sPBO LR cotia
el enents are di st uted al on the | ongi t.udi XI. S
obigt: SR RSP Bh e P CHSn B SRR B iR ﬁ% e
of longitudinal elements js, at |east one and th
voleinres Laohbyusmtoraboth| eianges daying)vse pmrdes ta %“ﬁé’etlﬁeto the

three-dimensional contour of said chanmel. In particular the shape of the
perimeter of the instrument adjusts during use to conform fo 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




| ongi tudi nal axis of the instrument. The
circunferential elenents in a given radial plane
define the | ocal cross-sectional shape of the

in nt. In a preferred enbodi nent of t <
WPﬁi"%{”ﬁﬁE"m of the invention, the Iongitudihlﬁ%ﬁm‘%\%ﬂa’(’00086

circunferential elenents define the instrunent's
t hree- di mensi onal shape. -That shape being that of a
body with an enpty space WO 2005/ 070320

IBGT/ 420056000088 /05 Mo unding) el ongitudi na
caxi s and bouﬁd’e ré"&i]"fﬁ y by a vvag} %:t\ﬁen]rg}%g{r‘]um%tehreaks
.| at ti ik cture.. | ref er,y ed emhodi nents  aof
insfl thE Shab. PAL BEME Griode baRlHE WFIHE B0 EBR, TRl s ppuaee
the outer surf.ace of  the_instrunent is constructed or
t%@aiogleégcwagﬂ%ﬁ the chagnels (o allow the instrument to
renmove material fromthe wall of the channel when
relative notion takes place between it and the wall..
The . relative notion can be rotational, translational,
Inviabpedferrad| embodimertosh ihatihamuofent W Divemdios, Gfs ‘bB&? 6is
types of notion. In one enbodinent, at |east part o

conti@isedt @F sHE f afenhe t RRLARSHAY MEMdrsCQALE %n‘é':c 6P Aore

coating of an abrasive material, which can be for
: Ll o o [ U nitrid of.
o ol R IR i BB ik bltforp Bl efsmpente
of . the outer ..surface oLtheinstrumsn of the .
a0 DAV 2o HE5eE-HBGRINEL ShaBhshrsans from nideo g wnspmprising:
t eet P} or cqnprises a cutting edge. Preferably, fluid
blags spppeili Pelg2eral PRamnahanedd rod ehaneds queved tshaged,r end

the cleaning and/or shaping and/or w dening can be
rongwheded etametts. dhanmebs-sestibhal thwepd 6f thel d@RBtitwhndlhend

invention is inserted and working in the
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. The fluid can flow and/or the debris can be

removed via the interior of the instrument and/or, in

ot her enbodi nents via the space between the wall of
the. nel and the outer surface of the in
W{?@%%J@@omszo PCT/ | L2005/ 000086 -15 In pre ’#é'i?gﬁf&’““%

enbodi nents of the instrunent of the invention,

uni form amount of nateriak.is renpved fronrthe mall

of the channel, along the entire insertion |length of
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g an aplng and/ or w deni ng tthe channel

i enbo nents the instrunent can be
Op%gﬁgv?ﬁ%¥%ﬁhgﬁ ®that different anounts of materi al
are renoved fromthe channel wall at different
| ocations along the insertion | ength of the
instrument. The instrunment of the invention can be
In preferreé @émbodoments ofithadestrement phihe inveptioneat lepstoughrt
the entire length or only a portion of the entire
of tiengitar afirfube of s iedtrumenp ieé@siratatrbpdnaified inkuthea
i nstrument of the invention, the cross- sectional

Wa?h@sp@o ik HARABh enREOREbIE rileiiad fraiEeMHa Gl of the
ength of the instrunent, is essentially the sane

ch%rﬁ T ohie 2pla Q%dﬂfoﬁoﬂf ta%esa%arw géﬁ%e‘}f i+ Shaping gﬁﬂq/’ﬂ{e

€ni ng channe ore the proce
Anot her enbodi ment of nstr ntion
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into the channel and then |nflated Preferred
comhivadionshtyosr mere ohidese ke bmetien. iIpvae sBRodiment, at

endodontic files. In this case, the channel is a root
leagauparlt ofahed aiteamirfgeaniiher instrapiany is anaiedr withde pbattn o 6f
t he channel conprises the cleaning, shaping, and
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,




wi deni ng stage of a root canal procedure. WO
2005/ 070320 PCT/1L2005/000086 -16 In another aspect,
the present invention supplies a nethod of using the

| {E,ﬁ@%ﬁ’ IRt of the invention for cleaning ar‘%@fbﬁ'}%’ﬂg‘f@““

6 and/ or widening a channel that exi's
through a solid object. The nethod conprises the
followi ng steps: - insertifhg the instrument into the
channel ; - causing relative notion between the

In Fﬂ&&fﬂéﬁeé}ﬁb@d:{glehla@ ofahb @ktriuhfnt cifatelrventiopy |0naitbym

enoving the debris resulting fromthe cleaning and/ or

arn?%tft ﬂga%no%/tl oL ré%?‘g:{(&eﬂ&n{ the W46 1hR %ﬂﬁﬁ]hew'éﬂélfg BifsSntire

i've ion S p ace; - optionally, cau5|ng
fluid to fl i nt the whi l.e.the r
inspttRole gk el bt RdriniEnt AMC it C il e %00?%"@ of
t he channel when the c| eani n and/ o ;ﬁg&lﬂgg d/
cleaiideni anf/oray shadag cf‘bfk?‘é?retéfa eIipg ¢ [fae aﬂt
instrunent of the invention is an endodontic file,
embdinremtd o thef instreamdntg caan it oconstrastety, suehd/tbat different

wi deni ng a root canal conprises the follow ng steps:

ambﬁﬁ&r of N@atdrll hte refio¥ell hfromoadhe Céitaine] cauli BY dIPferent
file to nove relative to the wall of the root cana

locélt]%ﬂso Qﬂ)ln%ybhﬁr BRBMEI0 141380 AR RAE Sn @S chk N HEr i%'?sﬁtulﬂ?ent of
eani ng, api ng, :
the invention can be inserted into the channel such that it passes through

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.




and wi dening fromthe root canal while the file noves
relative to the wall of the root canal; w WO
2005/ 070320 PCT/1L2005/ 000086 -17 - optionally,

ca%s}nra fluid to flowinto the root canal Whi'rlng theousﬁ
WQ 70y ves relative to the walls of the rdét %ﬂqﬂ?&,

and - renoving the file fromthe root canal when the
cl eani ng, shaping, and w d&ri ng have been conpl et ed.
Al'l the above and ot her characteristics and advant ages

1PEnbilRrl AMRBE 119R Miebént Berdhibohhelipdindes showdat b a5k the

the following illustrative and non-limtative
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root canal procedure; - Figs. 3A to 3C show root

fodawingsiersi ng different cross sectional shapes; -
Fig. 4 shows a set of stainless steel K-files; - Figs.
5A tins&birgdidw isstremeht inie theshiensl; encountered in
using prior art files to performroot canal

t [ eadaliBiHgStelatitd @fotiob hdierebh thbdwsiriahesitagrisSthe wall of the
according to the prior art, in preparing root canals
haVid?lQnﬂlef;f erent cross sectional shapes;

- optionally, removing the debris resulting from the cleaning and/or
shaping and/or widening from the channel Wﬁle the relative motion
ta_kes 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 eanal;




- Figs. 7A, 7B, and 7C are respectively perspective,
front, and flattened-out, views of the instrunent of
the i nvention; WD 2005/070320 PCT/1L2005/000086 -18 -
A and 8B show cross-sectional views of th
w?ﬁ@%?-’l? nt of the invention before being |Pr?§rélll‘?°é)8f"“°°86
into the root canal and inside a tear shaped canal
respectively; - Figs. 9A -9B; and 9C show
schematically the preparation of a root canal, using
the o@ﬁlohaﬁgj Wghding ARGt fUMBHt ikh {HeerddVanih %h;éé Qhe file

root canals having round, flat, and tear-shape

Cr 055586k i{?%g%ﬂﬂsvo?lt}{er t%aaal 1@gshows how the

i nstrument o e |nvent|on adapts I'ts shape as it is

I nserted. to end of .the . root canal; and -
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different _enbadiments_of .the instrunment of the

i nvenifeRne Imsedhgeasopdletedpt i on of Preferred

Enbodi ments In general, the channels to be w dened

and/ or cl eaned and/or shaped by the instrunent of the

invention are relatively long and narrow. These
Athhaabbe awd bthdrechdesteribiecs het eilnbehows bNtHeHRBn BN il

single "longitudinal axis", which is the |line defined

b Burt s $RGdrsodl theocaNtes deBW?ﬁé Jﬂlflsth;‘b‘fv& Bag 'lfdn ?t%_@ive

its length, and a nmultitude of "radi al axes

c X e
AGRRAC P PR bbby ﬂaeﬁab%gﬂ%weg%e&ceanf@ the
1%8 B;gﬁgul ar to the longitudinal axis at that point.
-1 WHeS given radial axis around its origin
defines the | ocalized "radial plane". The

Brief Description of the Drawin 8

- Fig. 1 shows the anatomy of a tooth;

- Figs. 2A to 2C illustrate the major steps of the root canal procedure;
Figs. 3A tp 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;




direction essentially parallel to the |ongitudina
direction will be known as the "l ongitudina
direction" and the direction essentially parallel to

< the radial axes will be known as t N L

W@?@%@{Of%)n". Because the WD 2005/ 070320 Vet 3l Blooss

PCT/ 1 L2005/ 000086 -19 instrunent of the invention
confornms to the shape of th&-canal simlar
term nology will be used to describe the principa

axesFigh. $AarN8BrdieNEross-3Et€ionBB VidwE bt 11 iddfument of the
i nvention can be inserted conpletely to the end of the
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shaqg%'gad/or fleqﬁedl,The | ength of the instrunent
t hat>P8 ﬁ%%?lt S FHRtG P he channel is known as the

“insertio ength” which term al so indicates the

dept 11551 Shn@ES a0 e SssTaRbGald B¢ PhaparREon of a root
instrument. As an illustrative, but non-limtative,
examghel, ofsing éhp reelfr adipsiing insthemeinh o€ whe dnvention, for root
enbodi ments of an endodontic file for perform ng root
canalanalyleating soendyifldt, bel tieschaped cies Sethed PMWspddiavely;
preferred enbodi nent of the endodontic instrunment of

the Fi?}’ﬁ@&ﬁ&’@s ho# AW dBhBERL FSthlbNRvetiod 884 bts its shape as
adjusting file) is a rotary nickel titanium

I NSt.k yp [ . Lgne VWil e current | eading
ot df R84 B 4B E B OB MoRE oA BRY, et <

W th.gra [ nLargi ng di aneters, the SAF s, used

as g?-njf@ itﬁsﬁﬂﬁnéﬂ?wf BTOSERECHATS| & pPRRiBispe of \Heigrent
inserted into a _narrow canal, whose nom nal dianmeter

i s |esskodimgnty efthginstementof theilafentéen. t he i nstrunent

is conpressed, its superelastic property allowing it

Detéiled 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




to adapt itself to the cross-sectional shape of the
walls of the canal in each radial plane along the
| ongi tudi nal axis of the canal. Rotating in the cana

2005/ 070320 PCT/ 1 L2005/ 000086 -20 remyv
'W?%%%%%”‘hd debris fromthe canal and the caqgvﬁéﬁppmM%

As the debris is renoved fromthe canal wall, the
super elastic property of -til#e SAF causes it to
gradual ly expand with time in the radial direction
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wal | at every point. Thus material is  unifornl
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enbodi nent of the SAF is shown respectively in
perspective, front, and fl attened out, vi evvs in Fi gs.
/A, 7B, and 7C. The SAF 10 .is of a nic

Thetastrument phihe ivertior raabe 1@%@%@%@@ g@ ¢J@¢1 erd of the
cylindrical shape. The walls of the upper end, the

chaoiel 12, ordy epagtibllyt it the ehgnnelpad vidich aiath enlt bpert of the
dental hand piece or are attached to a handle for

chamid| willsbe whdenedrand/opadHapell dtiHobedyned. THe 1SARN §f the
an open, lattice-like structure nade up of
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Instrument fromneck to tip 16 an

LB s LRI 8 o PR S

hgvvn in the figures, there are four |ongitudinal

bg tReRFELDFE: the circunferential el ements, in their
undeforned state are arcs of a circle. In a radial
pl ane containing circunferential elenents, the
circunferential elenents that lie in that plane

Adedn nBustnatice, osist seatlimitativehepanplke thehé nattrumat dfMthe
that plane. Both 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 SATF (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




circunferential and |ongitudinal elenents have a flat
rectangul ar bl ade-like cross section. After
manufacture, the Nitinol cylinder is constrained in a
2 070320 PCT/1L2005/000086 -21 nold h

W&% /S%géto give it its shape nenory propert%zq%g’&mm
changing its shape to cylindrical-conic. The surfaces
of the instrunent of the i-@ention that are in contact
with the walls of the canal are treated in sone way

réRo ot @t HAMHSIIS FBY che BRIL Al tHel @Mall R INaAd t1RS debris
the instrument rotates. One possible treatment is to

i#&?ﬂm;eﬁ%rtfxﬂ rtﬁ@ggﬁaw\év &ré EASIa%R, ?;?%1113? b %gi"p g%n auses
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cl.eaning out and_enl argi qg the inside of the root
AR cont gy Wi swaliipd eveyy el Thug gmtadel is
with the wall of the canal can be manufactured with
updoghbneemevads froes thodpriisahgallsof theasgrled unisletleudesired
small teeth as in a file or a rasp. Alternately,

nbiesd Bambagds ackievednpri se a cutting edge 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
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appe ween the Tnstrunen
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body of the SAF into the hollow interior from which
of @ c-a:kebé@amnbealbéfrrwéul%y apfl rpsigigaldy isugiveona viytihduical

st oppi ng
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 elemeﬁts and. the circumferential elements, in
their undeformed state are arcs of a circle. In a radial plane containing
circumnferential 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




rotation of the instrument or withdrawing it fromthe
root canal. In other enbodinents, the debris can al so
be renoved via the space between the WO 2005/ 070320
W 555%905/000056 -22 canal wall and the Hqﬁ; YITEMooss
e design allows for fluids, such as antiseptic or
saline solution, to continuously flowinto the root
canal, either through th&lcenter of the instrunent or
bet ween the outer surface of the instrument and the
mERRal Bk lireatd ke ghvhet iitasthaprenbmiosy woopdrhy whikuhanging
saving valuable tinme and inproving the debri denent
. bS] j ocedures. The constant flow al so
ﬁs%ﬁ%?%gggﬂhgﬁ%kgg?g%iency of filing and prevents
cl oggi ng the canal with dentin-nud and debris. Another
advantage of the hollow structure of the SAF is that,
in the extrene case qf .instrunment ..failure an .
Therksige ol 1 MEUTRGREATARS ToTRETE, e i 15 4P Reask vy the
instrument of the invention can be easjly and safely
“wallsnof/ éble aasphgre paeaterl] in gedeghay terpphle them fporemove
matter what the position of the broken piece of the
matesikl Gpanthd wallhe thedbsivamant réfates. (hag possible Hecadrmemh is
is renoved and the pulp is cleaned out of the pulp

to CORIDEe sAPGeds SHR | £ eliragintesaitétall Back amgl forsexample,
obtained the SAF is inserted into the root canal. As

dletglgglét? ga%tgvrd{éﬂg ﬁﬁa&/ﬂiﬁﬁpﬂﬁﬂag LRg ‘%\E}hgﬁeﬁ%ﬁ%i’dei, £1$at will remove

St allows I't to be guided to the apica

d of t | Jby.. follow th I .
aceliss Spantle TR SUGNEY FEEHRT 3o R e i ErBErd (s fliing
harder dentine). Prjor art nickel &ita iumfiles can b
oudl vl enlapringtheripaideed the tosk caBAk) ﬂs‘FFgﬁE embodiments, the

| ongitudinally but are unable to change their )
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 cuiting edge
similar to the edge on a drill bit. In some embodiments of the instrument of
the invention, the surfaces in éontact 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 seraped from the wall of the canal passes through the openings
in the lattice structure of fhe 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




vol ume and contour as can the SAF. Additionally the
solid structure of the prior art files nmakes them
|l ess flexible than the hollow | attice-like structure
070320 PCT/11L2005/000086 -23 SAF.

WCY\QO%E@% the SAF adapting its shape as it |[lsdjm§‘g@?’?&0386
up to the apical end of the root canal. The
instrument is now noved reBative to the walls of the
root canal in order to carry out the cleaning,

catladl enald gan@nithes Meingept. OTRS Sdesidie a0 AiAE such as
Iongltudlnal i.e. the instrunent can be noved up and
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|nstrunent rotates, the SAF' s super elastic property
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wall in all the radial planes along the length of the
Thensonstment flow gk 8kreass 8thes kfficienays of siElitd onad prieewsts
of the instrument of the invention outside of and

clb@ishgleha chaal witladeshihoRtd Ganadebras RaGthye la&varﬂ&%e of the
views in the cross-sections shown in Figs 8A and
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|s | ocat at and contains 'a singleée
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naI each plane intersects the walls of the canal at
oyt REVeRITesan PReaSEY pRetEfelprerngeGArsing spaeinllpfdesigned
t hese planes is made up of
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
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ei ght segnments - 14a to 14d, the | ongitudina

el enents, and 18a to 18d, the <circunferentia

el ements. The material and structure of the SAF have
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Firstly, the superelasticity of the alloy nmakes the

devi ce constructed fromit2éxtrenely flexible,

allowing it to be defornmed to conformto the shape of
SAReLe #al 108ds shoker fesbAFaagtinghits Bhige hs il BGALSGed up to

Secondly, the dianeter of the original cylindro- conlc

t}g@fjl@dl%gdtoq%é%trcgﬁgpt is greater than the dianeter
the canal. Therefore the stress created in the

aIon by the deformation from contact with the walls
of the canal as the instrunent is rot ated and the
ument to_try

per el astic roper cau5|n
Th SRER 5 TV T PO THRRYS 6 Pt U Ghihe reiteggoal imerder
internal force exerted in attenpting this return to
tot geasTIOPigihea eayapeviteningg nrdyshapitgprackes. fhemsntisn ohn be
t he device against the inner wall of the canal.
lofiitudingl, dae thel inserntmemhdendfe tivwedupesne! d@sind én ahk Qunal;
has the property of being able to stressed/strained up
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e

t he exact corrp05|t| on of the alloy, thus allowngt
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ement s I'n constant cont’act

wal | s...eve [ cont |y being renmoved
e Rty e e &H@W@W&Pﬁ@ﬁ?&é&ﬁ%& ae AT is
C|rgunferent|al el ements 18a to 18d changes in length
rofpfgd s ABY MmaRebh RenbY yyoeBm eheé slenbals handpiscehds the

~instrument is able to conformto the |ocal shape of
ingremeah alotateb,) 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




The fact that the circunference of the instrument is
divided into four elenents, each of which can
i ndependent|ly change shape inparts to the SAF a

f flexibility, an ability to adapt
‘WQE@%@ﬁgﬁ the root canal, and WD 2005/07032dkﬁniﬁﬁymmmm

PCT/ 1L2005/ 000086 -25 the ability to expand in size
that goes far beyond that-8f-existing files. These
properties can be further increased by building the

propetHai TRt WiToRy 8t 18 @atproututie degire@efuinptionalFirstly, the
ellenments, however increased flexibility, etc. wll be
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pl ane wn, as the 1nstrunent rotates,

I t.s, crass:sectj opal ha [ ns ngi to
BtRioo PP Helona et Bice Dafart 1E P naPe PR ehtat ot
of the circunference, of the device.in that pl IS, .
theonetine (4F Whirdy Balsi REptge- SareEri thesdlﬁeaﬁsﬁa? theprigial
wall. This is to be conpared to the situation with
ceiidrbicngicfdthis of theviipdhumiet &hapatef thiw thadsmeter of the
changed to conformto the shape of the file and the
cAndl e ThertgbreC s kavebs yrdaed dpl heedlloywbyhtd Heformbtion from
| arger dianmeter in order to clean, w den, and shape

cc%rﬁﬁctc%'i‘@il the WSlsUSSEHd BAd N OME MdtRIHBERRRO V838D bin@Sthe
or each successive set of <circunferential elenents

| ocaned. | i.f.f e i:a ki | 2ngt b
oGS BT A0 BRI T
f fhe canal an changes, i n cont qur d |l en , of the
cRindririparrra The HERTS THECARIT CHPTaERE this Fetiritto
successive set is essentially independent of its
theeprjginel sharkhrensbenidy Pysheseilis eemenifodl theedqvien agpast the
of the invention can deal with the conmmobn situation
e ordlbetitHearagiah dBlnivélyi ezchieiahenthe adanfthasuperwdasiicomlipy
much of
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
eleménts 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




its length and then beconmes wi de near the apical tip
before narrowi ng again. Because the instrunent is
noved (rotated) as a single unit, the anount of
' renoved fromthe canal wall, whic j
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long the instrunent is revolved, is essentially
constant along the entire-25ength of the portion of
the instrument that is inserted into the canal. For
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the root canal fromits average dianmeter are such
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ow use of a single insfrunent to clean out the 2
whol e I ength, of .the .canal., ln the preferre
ESRUBAPHEAES o PoFREST A BRREBH: MoVE shr B eanrd dsgiiiy, et
the instrunment is uniforrrie/ treated to enabl e renoval
will bergaimer it the eapensgol fbe plrengthglithp dexice- essential Iy

the sane anmobunt of material will be renoved fromthe
wal |l of the canal at each radial plane along its
entire |length. However, the skilled person will know

W, theheNslahb vk al tiee ttsigest rades,r atceoksts@ctional
all ow non-uni formrenoval of material at different

Slrgagjs%lujltslt(’%?gta%(lg o é%rﬁf%% N0 th RRe GRABL of the tALS wall glr]]ld

speci fic applications. Based

statisti information regardi : [ L ons
b GaeE 5 ey PeTiarr e g i A e 6 Sl BARL AR Bhtanty
.nomnal wdth can be determ ned fgr the.instrunent %f
incrRASIRg @R PYRTIYY £ ﬁ%ﬁ}o‘{?g BWe{jjé}r‘f"a hg‘%‘“’i s fogbe compared to
preferable to provide instruments havi ng severa
thi itwrtemt withraxigiing Gleaimvdich theothape aphe canalnigichanged to
di anmeter for a narrow canal and a |arger dianeter for

cofelem Ganthksshape dfnhecfiis eandtioefitdsemuet cendtaptlyebe replaced
i nstrunment has

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

The description given heveinabove 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




been sel ected, the entire cleaning, w dening, and
shapi ng procedure is then carried out using only that
i nstrunment which, once inserted into the canal, is
L.t hdrawn at the end of the procedure. b Sia
W(ggdoﬁlg%%) that in sone cases, the channel tpod]t)aé“h%@@gﬁ
on by the instrunent of the invention my ------- ---
-- WD 2005/ 070320 PCT/ 1L2065/ 000056 -27- have an
exceptionally widely varying cross section, in which

h&RA g MebnbiaimerRns réVavéd) 78 Bésentially R6n Siaht @1 6KY the entire
nom nal dianmeters, will have to be used to shape,
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a root canal, usin e se usti ng i nstrunment
of the invention is shown schematically Figs. 9A 9B,
and 9C for root canals having round, flat, and
tear-s ed cross-sections respectively. The figures
Pogralmgst gl onass. Gpe PeEgESNS ﬂ%werfﬁaméersqu 09 cangé from its
cl eani ng, shaping, and widening step in the
aysragce difroeteTarei seghe $hatatlye ifistowmeht ofirtheeiitvedtionotan be
canal on the left to the canal at the end of the
depigredduradloenudenef o bipigle instamdttao cldagusesthel wheldNeeh of
seen that the rotating SAF renoves a relatively
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and therefore the final shape of thé cleaned out

' N i h f. the .
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ginal” can W deni ng~a

re in . ni mal anmu of the canal Il and .
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root wall as is the case in the prior art (see Figs.
regRVah drae) theugpH ol the samlta eacheradiguplaneealonegt its entire

canal, the nom nal dianeter and shape of the canal at
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




each radial plane along its length is preserved. In
ot her words the shaped and cleaned canal does not
have an essentially circular cross section having a
cross-sectional area along its len L
W(?ﬂ,é’glg@g}é) with the prior art. WO 2005/0703 6!%’&%03/&00086
PCT/ 1L2005/ 000086 -28 Shapi ng, w deni ng, and cl eani ng
the root canal with one in8trunent, while flushing
with a constant flow of antiseptic solution, may
hevie@i &iceptibhyIIE wideld @ahyingaddBRbLbh, TR. wARHI dase @bk Yhan
shapi ng and cl eaning the root canal with one

onferlﬁgffrﬁﬁfe%tt ﬁénhmg m&%éﬂ; Ei%_rrﬂ%ilewﬁﬁhle‘éez%f will %9885 g,»%gisteg to

Iomnng conpl éx trick 'ow charts in or
S treatment procedure,

Sh%é s éhgrﬁ 8&%@&?@%@@%@% ing rotary file systens.

Heat - sof t ened gutta-percha nmet hods can be easily

adapted for obturation of the prepared root cana

obtained with the instrunent of the invention. Mny
Theaprepairaiien phatieet chivdlc asiole thetself adivsting iestrenientt|of the

in the design of the structure of the device are
inpasiirbiseshomor schxangically Fligs. day 0Beand o6 Mvtootharald Ravay

built fromN tinol but other types of material, such

rodfd, f18f, arfX adH thapsll dlrbdsLscttioh e Sbspeetifel g ’Iﬁ’:!eaﬁéh&s are a
ni ckel based al l oys, and tltanlun1 based al | oys can %

sefiBOSE 'ﬂng% %}?ﬁ'ﬁn thgas\f ?l{: a%&%téh%gufé; and widening

ongltu nts tan
i nabove t.he

a like as. descrlbed her
St@ &T@m ?r%cgﬁ eV FORE S e OBty o5 Sapf cansl on
or curved shapes. Simlarly, elenents
thﬁ é@ftn@ Htﬁ gpaat the @nddqfn%le P@@@@ﬁgw@rthe Sdglal. Framal the
triangular), round, and curved cross sections can be
figures, it can be seen that the rotating SAF removes a relatively uniform

layer from all inner surfaces of the canal wall and therefofe 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 ecanal, the nominal diameter énd 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.




used. The conbination of original cylindrical shape of
the instrument and cylindrical-conic shape after heat
treatnment, which is nost suitable for root cana

wé“%ogmm‘iﬁ)n be repl aced by ot her shapes whi c}ﬁ@?&s}a 086

nore surtable for specific applications. onal 'y
the structure of the instrument need WO 2005/ 070320
PCT/11.,2005/ 000086 -29 ne8-be the sane as the
preferred enbodi nent of the SAF descri bed

SRRk RN FriBeleddif gt it Irbbt SRHON WIRSHeSREt RO tvhile
sone exanples of different enbodi nents of the
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enbodi nent, only the outer surfaces of the .
onephtBeHariwiRaen the BeaessHy foiearrergbarniollpwing pemplex
wal | , Using the enbodi nent of Fig. 11B, the debris
amwhiritiy flewmhedtsupwendes ta hcougiishhe ssppleerobt tavedntrédienent
canal wall and the circunferential elenments while

priokstftef Aosdddpawmiva dscurbsilghdinie-ocantifde spftentdie
device, or vice versa. The enbodi ment of Fig. 11Cis
triangul ar shaped. The |ongitudinal el enments can be
round and covered with abrasive material or teeth or

b lEse AL LBNAN BEaaRRBE] i ik R8BI RE St RS of

ex Ihg a C

enbodi nent sho in.Fig. .11D has, a single square
thegrigpasditoat AR ARG P Crgr oo RReRH oY £ U AR ¢

The enbodi nents of Fig. 11E and Fig. 11F have a

singl e longitudinal element from which project

radially a nultitude of blade-like or wire-1like
Mehg meiriadions Tinetheecingceob! ohesérgalis ngndapebartadlif AC this idegign of

t hese and ot her enbodi nents 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




the instrunment of the invention, including providing
the necessary superelastic and shape nenory
properties is within the scope of the know edge of

kil persons and therefore will not be
W‘?&‘ir“fflﬂ’%gm detail herein. WD 2005/ 070320 PAIRE robd

PCT/ 1L2005/ 000086 -30 I n anot her enbodi nent, the
i nstrunment of the inventioggconprises a |long narrow
bal |l oon, which is inserted into the channel and then
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exanp an i nstrunment ased on the design
t e ch_the ci I
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device along its _longitudinal axis and.in e,t
diffgrrptamebresimeatea A e s R i of Ao TP Som o ot nee ]
device at the neck and to the distal ends of the
elbmagtst act dedignetednbnmamerak 20rand the sircimignensied eipments
into, the canal wth the balloon deflated. Wen in

2P 1 DA shiwhithe ISAT ahd @igice® isnd eirhiier dedign escepdfthtibein
bal  oon using conventional techniques and the ball oon
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| s of the channel The outer surfaces of the
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tO enale to rénove nateria
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the relative notion is preferably translatlonal i
cirgvanferesttialpdements whileflvad 8pys gostwearda fbronsh de qenter of
the direction of the Iongitudinal axis of the channel.
tHendeviceq bt eideatazse biodembodimatieofdbyi tECdahrisngpler sbaped.

bal | oon only which is
The longitudinal elements can be round and covered with abrasive material
or teeth or they can be triangular shaped with the cutward facing apex
acting as a cutting/scraping edge. The embodiment shown in Fig. 11D has a
single 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.
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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
at the distal end. The balloon is
‘w§%@§$hﬁg)channel and then inflated pre33|n%§¢ﬁé&§ﬁOOM
of the ball oon against the walls of the channel. The
relative notion is preferab8y-translational i.e.
pushi ng and WO 2005/ 070320 PCT/ L2005/ 000056 -31

hubkhothgr teheoddithenit)aheri@strumenb &f dhe 8ot bRAR fcoﬁ%?ises a long
| ongi tudinal axis of the channel wll cause the

DR b 9 WA o8 "RMEH £ BlbMEd ti anneww %ﬂ%ﬁe&%:}n@ait%d This

shapi ng, and w deni ng the

e | onlsd | at ed. and wi t hdrawn from
%ﬁe c tgﬁgefﬂt‘%& %Z uér‘?ﬁg?ﬁa 08 5P R MARe AR BRrument
hav escri illustration, it wll
RS i Aot | ?iﬂf: RS e ity Hach ghe i ctpupderential

with many variations, nodificati ons and adapt ati ons,
shpmpit axfepanever apdomlalloon §pi mpuntrd éxdhedddvged Blong its
scope of the clains. WO 2005/070320 PCT/ 1L2005/ 000086
Joggitudinbl iaxgy apidy idsidSaiedRmgitudhal Salensedts, M balloon is
Sadi q, J, Cruickshank, E, Technical standard of root

BBt ?S‘%‘% 50 80 52y S50 ol 9%“9%5&@9@1&1
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d Pat hol
d\éﬁate% %’hen in posﬁuon fFuld is introduced into the interior of the balloon

using conventional techmiques 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 préssing the sides of the balloon against the walls of the

channel. The relative motion is preferably translational i.e. pushing and




743, 2000. 3. Tan, BT, Messer, HH The quality of
api cal canal preparation using hand and rotary
instrunments with specific criteria for enlargenent

initial apical file size, J Endo -
Wtﬁ@@?@gﬁ%ﬁ 2002. 4. Wi, MK Wesselink P R %ﬁ%‘%’?@"”"“
observation on the preparation and obturation of oval
canals, In. Endod J 34: 1373141, 2001. ------------ -
-------- - 33 dainms: 1. An instrunment for cleaning
puifg aheshapinag wddirorhwi diesttiog of thanoegittdiak] exisos the
in or through a solid object; characterized in that

chdhnbBastl efud0thé OBIRbn! B MG rBlatSAl G | ket B Rleahsng,
conprised of longitudinal elenments and circunferentia

el enen t t | ace I [ i nal t
RSBy oD ChE AP EEE G en PEA IR 26 oo B TEER, the
orti.o f. ,sai.d body, such shape bejng an enpty

hﬁ@PﬁH%5§§?F6@H$W%§%QéFW Ha¥ﬁﬁﬁﬁﬁgpegxis, said vol une
bounded radially by a wall having an open |attice-Ilike
structure, and wherein the design of said instrunent
and the material fromwhich it is made allows said

Allndughe erbodimenittseof ¢omtioventddn dave bhaest duseilted by bay hf
to change during use in order to shape said

il Brh EbAER byvill bet (Ve drbioee tHatEHtSin0BRtior ityobd cirisdiah@ with
channel. 2. An instrunent according to claim]1l,

=B EP RRHRFbAF {RROR G, SR DRI RAURRE depfxting from it
ou%er cont.our,, of sa“&thgs rument to change during use
SHEE EoRFEPHPESRE REO BT tRES f the |ocal cross section
of the channel at any radial plane |ocated al ong the
| ength of said instrunent that is inserted into said




channel. 3. An instrunent according to claima1,
wherein said instrunent is nade froma superel astic
material. 4. An instrunent according to claiml,

W&Eb%glg;ogmsai d instrument is nmade from mater il%ng&\az/ioaﬁsﬁ
Shape nenory properties. 5. An instrunment according to
claim4, wherein the material of which said instrunment
is made is treated after-8%rd instrument is produced
to give it shape nenory properties. 6. An instrunent
according to claim3, wherein the superelastic
material is a nickel titanium alloy. 7. An instrunent
according to claim4, wherein the instrunent having
shape nenory properties is made froma nicke

Eﬂ#ﬁﬁ%##ﬂiﬁlloy. 34 8. An instrunment according to
clrail , wherein the design of said instrunent and the
terial j ch sai d_i pstrunment i e all a. .
1. At WPy o BN Shitle o R el R Barrcmient
used for the entire procedure of_ cleaning and/or
stangardnel sent wwal irerdmend Baaw admiinAerttishf Bbebopulation, Br
wi t hdrawn. 9. An instrunment according to claim1,

Desttel 2821 382 38%i1890.nst r unent breaks inside the channel,
a specially designed extractor is used to withdraw the
2.bokeV-Kj Reisph, Srirllisi D5 tWegselhk, PROPrsailenchandktent of

wi t hout causi ng damage to the solid object. 10. An

lohP8tA1ULERAls ROHRHHA thRdC DRI S drg HRANRI 739.
Ot%ree-diné%siongﬁhshape of tﬂ% Eﬁongit%%FﬁEFPgﬁ 1 89:739
74%i é%ﬁﬁ erential elements is chosen fromthe group

compri'sing: bl ade shaped; pol ygonal prism shaped;
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.
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rod shaped; curved shaped; and round shaped. 11. An

i nstrunent according to claiml1, wherein the

| ongi tudi nal and circunferential elenments have a
cross-sectional shape chosen fromthe group
conprising: polygonal; round; curved; and

bl ade- shaped. 12. An instrunent according to claiml,
wherei n the | ongitudi nal é3enents have a shape
selected fromthe group conprising: straight elenents;

Claims:and curved elenents. 35 13. An instrunment according

1.

to claiml1, wherein the circunferential elenents have
a shape selected fromthe group conprising: straight
Aaliestentest foanldaniog anddr shiapimg ahd/or WidleniAg ai ahabnal trahexists in or

tﬁ%?@{ggagcﬁ) gla|n11 wherein at |east a part of the

surfate'of said instrunment is constructed or
nodi thardcterizedrie thet at lbest whywtieredfdios betlyfof saidtisdrument is

cf)@'ps x cjﬂ :H)ng%cﬁﬁ’d? eleffent seﬂ%tm rg@rﬁlterﬁ{tlai J?&'néWcrs fHat ?H{n%@tcfdjacent

nstrunent 1s coat a coatl ng
leqigiteding) elemants; thereby defining the three dimensional shape of said portion of

said body, such shape being an empty volume surrounding the longitudinal axis, said
volume bounded radially by a wall having an open lattice-like structure, and wherein the
design of said instrument and the materiaf from which it is made allows said volume, the
outer contour of said instrument, or both to change during use in order to shape said

instrument to the three dimensional contour of said channel.

An instrument according to claim 1, wherein the design of said instrument and the
material of which said instrument is made allows the outer contour of said instrument to
change during use to conform to the perimeter of the local cross section of the channel at
any radial plane located along the length of said instrument that is inserted into said

channel.

An instrument according to claim 1, wherein said instrument is made from a superelastic

material.

An instrument according to claim 1, wherein said instrument is made from material

having shape memory properties.

An instrument according to claim 4, wherein the material of which said instrumentis

made is treated after said instrument is produced to give it shape memory properties.

An instrument according to claim 3, wherein the superelastic material is a nickel titanium

alioy.

An instrument according to claim 4, wherein the instrument having shape memory

properties is made from a nickel titanium alioy.




10.

11.

12.

at | east part of the outer surface of said instrunent

i s roughened; at |east part of the outer surface of
said instrunment conprises nunerous snmall teeth; and,
at | east part of the outer surface of said instrunent
conprises a cutting edge; thereby allow ng said
instrunment to renove material fromthe wall of the
channel when rel ative notion takes place between said
outer surface and said wall. 15. An instrunent
according to claim 14, wherein the abrasive mat eri a

is chosen fromthe  gr ouB rrgrl si_ng: di anmond powder ;
A ISR AFcordingsto cigip 1. wiergied %d%%i%?fﬁ“d 'T%‘VUW{“ and the

man?ﬂaz BwmER ﬁeﬁ@ mrsﬁh#rasmufrﬁaa@mmwkﬂa siMgl€ iretromeRtao lbt@ ||rt%_b|'t¥&3lnto
not,i on chosen fromthe onpri sin rotatjon

e A e A S e e L RN
widsnthgdaid drasgelmefdr@bsing dithdréwn. nst rument according to
claim1l1l, wherein debris resulting fromthe cleaning

and/ or shapi ng and/ or wi dening can be renoved from
Anhisstocinzemhadcomting te e d, whereinuifreait! inssrud@nt bragleritgde thedthannel,

SRR 8P Bgh0 iR 1 ok D80l S0 elmen
fiormstaidiehannel vg@lpu dapsing damage fodheledlidgigatt.such as to
have a hollow interior thr ough whi ch said

An instrument according to claim 1, wherein the three-dimensional shape of the
longitudinal and circumferential elementis is chosen from the group comprising:
blade shaped;
polygonal prism shaped;
rod shaped;
curved shaped; and

round shaped.

An instrument according to claim 1, wherein the longitudinal and circumferential elements
have a cross-sectional shape chosen from the group comprising:

polygonal,

round;

curved; and

blade-shaped.

An instrument according to claim 1, wherein the longitudinal elements have a shape
selected from the group comprising:
straight elements; and

curved elements.




13.

14.

15.

16.

17.

debris may be withdrawn; and, said instrunent is

desi gned such as to have at |east sone of the
circunferential elenments project radially outward
fromthe |ongitudinal elenments, thereby creating a
space through which said debris nay be wi thdrawn. 18.
An instrunent according to claim17, wherein fluid can
flow into the channel thr@gh one or both of: via the
interior of said instrunent; and, via the space

Aﬁqﬁéﬁ@%nf Do to ¥fairck hewﬁé}@fmﬁé cﬁf‘uq'\férﬁﬁtlé? dieflentiHal@ @Shape
sai d | nstrunent ; V\Ihl le said instrunent is inserted

S%'ﬁﬁe%PWﬁh‘fqgme§9?“B”%'Pfhnnel 19. An instrunent
accogﬁa@getgmghlt@amjl wherein, during the procedure of
cle nd/ or shapi ng and/or wi deni ng the channel,
G%\”F@P%ﬂ%%‘ry uni form anount of material is renovable
fromthe wall of said channel along the entire
insertion length of said instrunent in said channel.
20. An instrument according to claim1, wherein,
Adunstrignenhaccprignged glagn df whéreinrsit legistanpidroof the heter sigface of said
. | I .
o he SR 084 bF BoGRAT Bitine o B S ERbE RN The Rligping
geupdi f f erent positions along the insertion | ength of
sai da{ 1Q§§t p'a{H%P eo'uﬂer%@r'f e‘ﬂ?@&ﬂ str%l:'nenﬁ@ cb{}éél PVHVH\E%B?]MQ of a
accordlngtoc aiml erein the materi
abegsiyeimederidlinent s made al | ows said i nstrument to be

| nsepf I@Qst'pﬁ&%f fh@%uﬁiﬂ@ﬂ‘r‘i’ﬁie ot 4&i ifdh@kehtlis P&l@ﬁ@ﬁe& hrough

t he entl re T% of sai d channel 22 i nstrunment
accoftl PRY PF‘ES OE Siohtel SUWP@rC&Sﬁ'%ﬁt"&mﬁWs‘%qmlﬂﬁ'é?ﬁ nyrgerous small
tdgitg@ined i nto the channel such that it passes through

nl ri ntire |length of [
onty aﬁegs ptart %P the ouger sur? cFe of %aid ?nsgrtumer?t co?napngesc a %utp ing edge; .

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.

An instrument according to claim 14, wherein the abrasive material is chosen from the
group comprising:

diamond powder;

titanium nitride; and

tungsten carbide.

An instrument according to claim 14, wherein the relative motion is chosen from the
group comprising:

rotation;

translation;

vibration; and

a combination of two or more of these motions.

An instrument according to claim 1, wherein debris resulting from the cleaning and/or

shaping and/or widening can be removed from the channel while said instrument is




18.

19.

20.

21.

22.

37 23. An instrunment according to claim1, wherein,
as a result of the design of said instrunent and the
material of which said instrument is nade the
cross-sectional shape of said channel, along the
entire insertion length of said instrunment that is
inserted into said channel, is essentially the sane
after the procedure of cl eaéning and/ or shapi ng and/ or
wi deni ng the channel as before said procedure. 24. A

ifSBHE® EnPhoMkilgidsdi @eharmat adaRsLIt 8f orfel ARibBthlof Y follbvARg Fdilires of
and/ or shap |n%gan d/ or widening a channel that exists

thedesion ol said MERY:i d obj ect said method conprising

t he %ﬁhlumm@nt i§ Hefignedi SUBR &b tdlghveal Iblbw SitéiTafbugiABich said
causing relative notion between said

df"‘ﬁ'ﬁ’iﬂﬂ %‘Haw?f?é' dwal | of said channel: optionally,

r enogaid gmsltrh&]ed‘ﬁb desigriegisiuich as ¢ haverat iﬂaist:bdn’naaﬁnlhmgrcumferential
n|n

T L BREP PR O R e, R eetnna

spagecthrongh Wwhizh ssidi d#boheaiap bk V\tlthﬁnasmpl ace; opti onal ly,

causing fluid to flowinto said channel while said

rel ative notion between said instrunent and said wal

Aofingairnt enording toadeds 18] woereindinid qapdfoviimtg thea¢hdnnel through one

o‘rﬁéﬁmr gment from said channel when said cleaning and/or

api ng and/or w deni ng have been conpleted. 25. A
met hd@tb%mrﬁfgsatcb'”%tr%“ﬁfﬁtﬂ‘d wherein nore than one

fi Ih l e v!asthé‘ sestelRtvideB AR waINGH1RE charihdRfd tROEGIRF siME8 Bf 1€
channel
mstrument

while said instrument is inserted and working in said channel.

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
removable from the wall of said channel along the entire insertion length of said

instrument in said channel.

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 removable from
the wall of said channel at different positions along the insertion length of said instrument

in said channel

An instrument according to claim 1, wherein the material of which said instrument is
made allows said instrument to be inserted into the channel such that it passes through

the entire length of said channel.

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.




23.

24.

25.

37

An instrument according to claim 1, wherein, as a result of the design of said instrument
and the material of which said instrument is made the cross-sectional shape of said
channel, along the entire insertion length of said instrument that is inserted into said
channel, is essentially the same after the procedure of cleaning and/or shaping and/or
widening the channel as before said procedure.

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;

cpticnally, causing fluid io 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.

A method according to claim 24, wherein more than one file is used to clean, and/or

shape, and/or widen the channel.




