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VEDI CAL DEVI CES FORMED FROM SHAPE MEMORY ALLOYS

DI SPLAYI NG A STRESS- RETAI NED MARTENSI Tl C STATE AND
WORINGION 1FOR USE THERECF FI ELD OF THE | NVENTI ONe@hyeL.2005/000492

present invention relates to devices and, nore
MIBECAGCDEVICES'EORME DeVFROGM SHAPE MEMORFNeALLOYS

-DW@H&?@ ﬁﬁnasstﬁm%mEDJMAmEMITRE@Rme AND

lication is
a continuati onﬁﬁigﬁb%& Applfmon

10/ 158, 673, entitl ed "Surgical dip Appli cat or

Device", filed NMayIELD OFOPHEANVENTEONt sel f a
continuationin- part of US Application No. 09/592, 518,

enThd pededtSuveitoal re@ltesp@"deviqels edd,Jmoe smimfﬂl@ﬂﬂ toThedical devices

formeg, F’b%‘ga‘io f%‘&g’%tﬁyh?lg‘;yé P’éﬁi eﬂg’{aéjr”ﬁ‘?steléﬁns ARVAND SYMBOLS
@EZ: einlst Si - high tenperature, high synmetry pharsgl. u:jgs
structures mgﬁtibg?}méwgl&Mh ensi te

- lowte ure, low s try ph

- i PissEH AR R e QR BB PR 37S APRBIReNT T 1158673
entitRl a‘%ﬁr iy bh? &ﬁﬂ’i‘éhﬂ? Device’® fMRMMEE 30 2002 htvﬁmﬁﬁ@ttﬁ:lﬁ'@&ontmuatxon—

subst antl all'y the sane ext er nal shape as it does

in
in-parhef HEtpphicateorsNat @9/592:3 18, entitled “Suigical £dipps fHed Amedd, 2000. The

contirt O ith S Briprica e AT reh By P RSy '

mar tonsi e - A mr CERNSARY aNI? S%&@ﬁ??g o or

mcrostructure differen romthat of def or.ngd .
TRRRENE o I ETEREE Gy i SRR P I 814 dgpupest herein the
austé]ﬁt\fceg@ﬂ it L?‘%Q@ fruiRPSuclli L iy B0 ind R QMAHREr ext ernal

oy isinits undefornmed martensitic

f )
o gél MY Lensl ttéf*rﬁ%érgtﬂfbs lggv”t@%ﬂu%gtq( e;ﬂl\agéjsr 08! 858 RAGSE different

ormation o ustenit Ite e reverse
microBtictinsi fiora thatasfehe latmemmrplmse lmed shenimemn, i esdd:vh@, i de state has
transfornati on wherein rmrtenSItﬁ%&is tr.

nsf or
SubSEATGALH FHeCaraE AR T RE U0 HOE S Conp SlaiE ay also be
refextr&ﬁrlﬁfﬁ{rgﬁt hOMnBEGHhed oM cJoﬁHQ-%{cﬁEéH @nﬁffenm Ctlﬁettgﬁns being used

martensitic transformation i s conpleted
interichanpently withoat anyhvitetnpt hicdistnguisbiag baivasn éhqm .C
transformati on phase begins. Af - tenperature at which
t h®dfevmdsaanmasite AsA radensitingéite hawing @armicsostroctpteediéfdrent from that

h o
of undefon%ede martensite. Devices formed from alloys in this state have an external shape

different from their external shape when the alloy is in its undeformed martensitic state.

Martensitic transformation — diffusionless phase transformation of austenite to
martensite. The reverse martensitic transformation as used herein 1s the phase transformation

wherein martensite is transformed into austenite.
M, temperature at which the martensitic transformation begins.
M- temperature at which the martensitic transformation is completed.
A, - temperature at which the reverse martensitic transformation phase begins.

A¢- temperature at which the reverse martensitic transformation is completed with the

alloy being completely austenitic.
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all oy being conpletely austenitic.Ml- maxi mum

tenperature at which it is possible to obtain
wa@eooedsticnduced martensite (SIM or to mai nt ai PCT/IL2005/000492

stress-retained martensite. (SRM SMA -shape nenory

al | My~ maxinainh éampentrei attvrictaitiiapbsaiblSidobt S, strassin®iged martensite

t [ it t t | sh
<SH‘§5 PER paRRT RS e metesiE SR | “our non-l i mit ng.
SMAs are nickel-titaniumalloys. SME -
a2 hpg MeTaont SO A i b4 Tk b AgIME. Fheing SER propertie
allo(’\ﬂﬁ?g)itq{) Sedolver #¢ bﬂg&ié\l‘ shﬁﬁégﬁer%‘gg d ﬁ)%htn&ls Aysicq B@tcr{on-hmxtmg,

can occur only if the a de orned
Cxamélﬂjefr%ﬁé@mé{eb\twtamlfm alltSE super el astl CI ty effect-
A property of SMA where the alloy recovers its

or iSjVIEaJr sl@hapmmqm affentt Aqpdopegty of SMA atheye thbatloyedcovers its original
neces is effect can

t hermal condi ti
share P gl T fEED MG oot OB bt elloR RS AR drbporatures below
A;. tenperatures above Af. This effect is frequently al so
cal |l ed pseudoel asticity. SEP- superelastic plasticity

ef fCt -suferRlaOiRGHyt ¥f- ﬁ%ﬁ@ﬁ?r& SV C\@{Hré’}’hiﬁfo‘grvx%rzéveiré fts original

ori gi nal " shape dpon unl oa typl
shaneemstaﬁqbadyng, aypi¢adlot hérnv&hewmil)t, labmethefﬂnalazomﬂrhens Thiseffect can

oo e, Bt b SR e s EpanBTR AP e faurhis offect s

freqeémgsﬂsdwnadpsaxdaaagt&ngl te - a defornmed netastable
martensitic state obtained by deformati on of

margEM Sduperefiktid leﬁ’élﬁl é'ﬂf&% ReIrOYertf o PO AOWHER! @ ryllgg recovers its

the deformed state q_if ing a restraining neans
Oﬂgtft?hﬁb@&t ypoasurdensing, A{f’plc ut metrmesessanipuateigotiremiad msndie;ons. This

effect. fan 8%091“5% gf?{ tee:ﬂrc'l Hgf(?f?t ategbagsttgr%lp/grggqrﬁ.y P%ef o £ anA unloaded at

of austenit
tempbrstmrsabove Agl ow, the terns "phase" and "state" wll
be used i nterchangeably with no intention at

di SRMYstsEirdtsinb® inaRensite Neie B EER AN mbHEnsitic state obtained by
| NVENTI ON Metal s and netal alloys having shape nenory

deformafion PEMmagtensity afrtempergiwes brlewe\rand bySietapengeimodsformed state by
appl?lgl’g‘gx%stg én{@}{s Pértatu?e%ta%P ?echape nmemory ef f ect

a super I Cl t (SE).

Ph@ﬁglmenol oqdi ¢ curs a,device.forne
from an %95 %8% o?’i‘ﬂ%% ©a Pe\(/ﬂxhg’é’ﬂe‘? cRARFSitsy ét"J\‘E tqptained by
deforinaticteyf AGtehRé b teinperatiPed db5vOM,0i Nnal shape upon

heati ng. SE occurs when a device, fornmed from an SMA,

| s @R BiFBEsiondoR theekmst THase” and "state” will be used interchangeably

with no intention at distinguishing between them.

BACKGROUND OF THE INVENTION

Metals and metal alloys having shape memory characteristics are known in the art.
Shape memory alloys (SMA) may exhibit both a shape memory effect (SME) and a
superelasticity effect (SE). Phenomenologically, SME occurs when a device formed from an
SMA is deformed at a reduced temperature with the device returning to its original shape
upon heating. SE occurs when a device, formed from an SMA, is deformed under a load; the
device recovers its original shape upon removal of the load without a change in temperature.
The recovery mechanisms of SME and SE are both associated with a reversible martensitic
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device recovers its original shape upon renoval of the
| oad wi thout a change in tenperature. The recovery
wore@kaniisns of SME and SE are both associ at ed PET/HL2805/000492
reversible martensitictransformation. In the case of
transhMmatiofic DV thieycase ofI BM B fre@ivetyeadcursgg ftenthieating, whillsen dhg ease of SE,
of SE, recovery occyrs, after renoving a | oad. A device
recONGRY @O ¥H After TEMRKBERESty al loy (SMA) is relatively

easily deforned frogmits origjnal_shape {o a new shape
whéndesiest BalnEPD? THRS MEFRSEY AHQY @@f\ﬁ&ﬁe@ﬂwaﬁe&m gformed from
its o'ri%}ﬁaé%ﬂ A6 Blew SREPe WherPHIENbIbS the téf'rﬁ rifafe &NFhikh Ghe alloy is

S eferring now to Figure 1, the fully austenitic
trangfbasal frempite sestdnitit tooits alaoiersitie sater KRefarsngixpow\ipiHigure 1, the fully

cqal i fromor above Af. the tenpegature ich.
sust e o HEESP A AR IS Mo e o9 0 o P e Ao the
tem}%éfﬁ{h?e O Whi RN AR5 bédits &b atmsfosmitidne foad tHeOadssenhic state to the

he tenperature at which this transformationis = .

martepsifit etats is sefgmebiosas Ms The temperatyrg @t whichhis (rangfarmyationds complete
. martensidti j .
s AL BB R0 e BRLERRS Sk, ana
botHingrtenkitioMmdustemieiv iphasesraxiet. f rom a SMA i s warnmed from

or below tenperature M the alloy starts to revert to

i t SAQUSdnenl FigL 1Stwilich atdefict anpdr Abtr @ SMA &t warmed from or below

tenperature Af, the reversion_is conplete, and the
tempgratyye My, HE0sHQUSRBRIQ TEvertTifeity FRSIEUINF [fiaty gt ajtemperature As. At a

r Nthe (Bferki ' YEOSdy i€ 166°RRGHEARL | ON
temﬁ?ﬁﬁ%"ﬁégéﬁ}&{éﬁﬁgxt?{]c;dn?ﬂgg’e% ﬁetrmr yotylelf fect (Sl\/El)
di sgussed above. I.n _FEi , L5 3 : .
C e 2FireE o8 Fig, 'TlbhySocnt o ERHERC BaReheifo trangformation which
detdr@@iass the Shapef meenyapfitdt (SME)ndisfusseddibever Ini Fig. floMerepresents the
Bet ween the_ tenperatures M .and Af .shown jn Fi 8@)@1 tPe. £
temperaBye #hyr EBAYLMI; B Sparteptitegan Stigh regardiyss Rigds application of a
. i.te or a mxture of austenite and nmartensite.
dmﬁ:@{n ie}fs}%h'ssed above, the state (states) that exists
(exi StLed TheliBl (12 g ! A9¢' 1Y contain either 100
wnebepet fhe' PoRhBRRIEMY & 5808 e | MERRRLAY conain cither
v, Akteite bel GV, MarteasRanta midhyre ofiausiite and nidmnensiteg Ais tdisdessed above,
t he tenPerat_ure change, . This is a resul

of | t.. 0
the ts{ate dstaisrlsthah ctiss (saIselisthis EEmAeIE ARt Mo Hepend on whether the
tem?@{ﬁiﬁfré'&%%bow ERedie D Yot 2b6NENG dr odidw U} k@pB&livdly, as well as the
chematic Tepresentation of the phase transfornmations »
magidoude r ofnehel tengpesdtagee chimmger Fhisl isoy resdj ef thyaterasis in the martensitic
contraoll ed stress and tenperature changes. Region 10
t‘a‘\sg’ﬁp@g%’?‘rts the stable martensitic phase and region 12

represents the ta bl e. t [ ti h ._The, ..
O Reienecaoy &y Figira SAerF i LsEHhp STHRPUE SESRiatiop of the phase
trarﬁ?&ﬂlaﬁo&éj.%k@t%hg CinPhag@pé aRémery1fldy Qbjtdied Bt euiitidllEE® stress and
a

martensiti c phaSe region N '
temperature changes. Region 10 represents the stable martensitic phase and region 12

represents the metastable martensitic phase. The Clausius-Clapeyron (CC) relationship 14
separates the stable austenitic phase region 16 from the metastable martensitic phase region
12. The CC relationship 14 represents the critical stress required to induce martensite as a

function of temperature.

Reference is now made to Figs. 3A and 3B. Fig. 3A schematically illustrates the shape

memory effect (SME) in a stress versus temperature diagram. In Fig. 3A, a device formed
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12. The CC relationship 14 represents the critica
stress required to induce martensite as a function of
wo esvperature. Reference is now made to Figs. 3iCENIR0@ERE00492
Fig. 3A schematically illustrates the shape nenor
frorrefafSMtA (sShEjialiyn ceoled r2é)s€romealws temppretusg mewamg&larﬁlloy is fully
st 18 ooV SO <Y R Dt il sl g The coolea

devit&isf theh plasticalignietdrmed 20 Byed avesdbwnéieihe defming wce 1s removed 24,
starts its transition to the martensitic state.
the deyogecErtaay iits edafermedethaps a8 nndigated, buéh%rpﬁ@ae@graayhhe shape in the

Flgu% r}?éaﬁng WG Re UBRcd & %%Q%EQE&% A?‘re‘é&l@i\ﬁeaj{)gaée tltanﬁﬂon to 100%
device Tetains 1ts deforne ape as I ndica
austqrateaint ¢hodpvaraevdrs ssheipdially td heorgigalrsbapeHeat i ng 26 t he
devi ce to above tenperature Af results in a phase

t r Hiys 38 iGRntalted@dfive metiodnif neing itk dhiape Arwioceeffet ¢SME). The device

sups ant IIy to its ori |naI shap [ 3B .is
shoviy {s B2 g ?f@mﬁ@ogﬁi&eanﬁﬂmvwfw@a the alloy is in
its fﬁ%ﬁlsteﬂ— H@ sga@é”prﬁ: aRenhe ii$ s{r&rsg@gﬂtﬁ qmrﬁme%eatmﬁ'tensne (stress-
tenperature above Ms and bel ow Af, where the alloy is

induced mastemuteb yTladedes ramains i s dafosmed)statmafies nemovmg 28 the load.

27 to ef narten3|t uced
Whe pERRE 20 ofbo\ o s YRR b ey BIRE RS 0 100%
aust@?tﬁte&fnt}i thieiélig r&%rtld’g%ubﬂﬂdlally\*@ﬂs Giegihfichaie. above Af, a
phase transition occurs and the .alloy transforns to

10G9oraaks 3N hA® 3W, tab WP ay ¢ ngcs BEMA ¥ it BeSUBRIHA bAbWYthe large
to its original shape A and 3B, as well as

rectariglps ang pagliglograms @ptﬁéerm |ﬂseclusi§@mmbé padwdeforraed shages of macroscopic
devxceesct gg%lct?\s’elgng Qﬁtg\f@n ! ﬂle%gatl%a W& %‘xg ng’l"h% maLf dlerglgs wﬂun these

apes o ecr oSt copi c®devi

geomaapﬂctshupésy scaemﬁhﬁlw ariamat Ayl IgartidnesFl ghe 4 smilhe squares and
small circles within these geonetrical shape
paraliglegrrsi foand yvithirythealageen ractpslss ppd preadel offaenss pgfiematically indicate

the ﬁl@&%tﬁl%tlﬁ'@ %rﬁ%ﬁuﬁ%eﬁ%’% all @?011‘2" ngt‘{] thb Q:ha e8%h microstructure

rectangl es ‘and paral I el ogra , SC ically i dlca te
(crystilelathice) thet perr when (oovnsg fibml austenite Jo wiartersite d4d Ideformed martensite

Fr Fig. 4, the changes in mcrostructure (crystal
af“F%‘fP*’é’&?“Phat occur when noving from austenite to

martensite to deforned martensite are readily

apphrsaayld be n%tﬁgdhfar%é epsst AoPreseRtatiopy tb@a@ecrﬂeﬁcopw and macroscopic
char&%?%é‘smtﬁ{g' £8m prb&sSsCOIRON & BiRd 3%&3?8&9%% Zéﬂgﬂgﬁsm Fig. 3B

resulting fromprocesses 22 and 24 in .
havepbm@gwg separately. BShpuldfiegindeBtoad et e bothsifiguwes the respective pairs

ar at houl d. be, under st ood t hat bo -
mayiRi et ERREH o LSl e pisk it tharhat i Fis. 34 occur
belotOMRIpEFaturt M 2whil€ i FiglBB pRfcBsies DT SREBSQurBet@Béh 1?z14mluﬂAf
Fig. 3A occur belowterrperaturel\/ls while in Fig. 3B

Pr Q4ERSR Yeviletfoimed ﬁ%ﬁPS‘MAQqE R@Hﬂ:m%fry efYed '(?IQ!E% to achieve
devices formed from SMAs rely on a shape nehory effect

their &iviEpd resulis Hawever, the use of the SME in medical applications is attended by two

principal disadvantages. Firstly, using the SME requires a device that must be heated inside

the human body entailing risk of damage to human tissue. Secondly, use of devices based on

the SME does not provide the long-term compression required in many applications.

As mentioned above, many SMAs exhibit superelastic (SE) behavior, characterized by
a large nonlinear recoverable strain upon loading and unloading. Referring now to Fig. 5,

there is illustrated SE behavior when the device is initially in a stable austenitic state, that is at
4
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their desired results. However, the use of the SME in
nmedi cal applications is attended by two princi pal
wol@advart ages. Firstly, using the SVE requi r eBCBHIL2005/000492
devi ce that nust be heated inside the human body
tempRPdtadcl hb@erADlit Bélow avia dieshbold e matedithat shreuglSe dnsiteyt all operations
use of devices based on_the SME %%es o3t4 rovi de tge " ¢
take |pasg -2t tempReEavESs BEleWVoMa-r g deriss 1 ﬁ\%f@ o191 454 LYK sormation of a
' Vi isSMHS | {Ritig S31BG R AgldnCabove diagonal
met%égg@@éﬁ%?gcr ,&gg'hgl’rngg? 2%/ liszed Sbegﬁgg lIﬂafiée ngnl i%gar 8
line 14 aepresenbing th¢ £& relanooship.olii mertenside formsdds ggmmonly referred to as

Referrin ow, t hOp. 5, 1 € S i:l rat :
sresggRGIFF PATRER S REVBOBERE 1ot 15 ipithl BHE s th alloy o i
aust@H§e SRfelang 18 ddvise didsitaliySreddris@oPestintisibpitabiyiaalAhageut

bel ow Md. It should be noted that throughout this text

al I, gRgr 8t i1RNYakaksarlcdgRadl ihABNEAldeRMmededeieMir a metastable
The deVice is defornmed 34 so as to cause fornation of

martgnsiti¢ abteabyhslentietresisngléscindicateean undeformed dsvics in its austenitic state.

represented i Fi by .t ' ecdia | def d
e R6ES Bl P b e AR ghedeake o otome
mart®BEiteSinghé allbpitsalart ShowomaDeayigéscihalie adall geasetrical shapes within the

stress-induced martensite (SIM. Renoval 36 of .th N
largy BATOHAIP T GG oF@REIF ol HeMfoCNEBY 3FE0%0 gy dlipeted in Fig. 4
. d the device elastically reverts to
dlscg%s%é?%%{éf ally its original shape. In Fig. 5, the large

parg) 1, L fifljoha r h6€stidiPas overlapping. Th

o AR AU LGE Ay oo, The
mayl B 6Ared@rocundaftin samk mperaire.iniatleasasshe wintfeateteanust be above

e SHENE Rodimer e e e S b Eos b o SRR Iy fgretoe occu
as shéwi BEFig! 5 Bovideaghdt (RS @mpBawRe AsnAlMeS M the snal |

geonetrical shapes within the |larger parall el ograns

angy¢ 94t %&'Eﬁésgdféﬁecg Rga'ggﬁs 1387, S %ﬂ%&.%héﬂ)ﬁ% dated March 2,

illustrated | i scussed above. For a clearer ‘
199B) ARIEDS Phat. Mo, 6[H06dd4 saed Ditated 2362001 etortetvis erswed adledical Devices

over | .appi.ng.. .They may, ,and often ur .at sape .
IncBBERGAINE A SIS o8 U FotPeral Ve g7 ogd B TERvis dated
No@?ﬁ;\éﬁ‘ 26 NI VBn i1« NIQABE b Blnérfin @ Mbdidae Delices mcbipdtatiag SIM Alloy

apov

e CC.” 'Heating 35 may therefore occur as shown in
Eletents”, Slignlesei ateuinbdranf maesical deyiessawhich use plameithoryed frgm a stress-

. US Pat : 665 t . :
inageq girienteyalopgt T oS8 gl i i ysk ¥ free i fiRed nbensive (S1M)
decfaii6thd 4dmpahmee Caisitivety 073he 26Ades, imkihgrthem @sier td pokition in and
"“Medi cal Devices Incorporating SIMAIIoy El enents" as
remgise frogsthedumgn bolyy,. 5,067, 957 to Jervis dated Novenber
26, 1991, entitled "Method of Inserting Mdical
DeVCaretid | anginpastya aneh SIEIVE %FI%V”EF‘@%?H surgegy do Pgetrgatment of

.of i cal [ Whi . . .
aehipig o e A it AigHF . R Geohaflfly and shape
recé V@At IfR8If-ck ptnduseSA sémemaké themasedfunfivrtthispracedure. Commonly,

(SIM. decreases the tenperature sensitivity é t he ..
supgeslastie sbehiilRr rig 4358 nice SRy selfprxparding St Selfexpanding stents are

manufactured with a diameter larger than that of the target vessel, crimped to transform
austenite to stress-induced martensite, and restrained in a delivery system (catheter), before
being elastically released into the target vessel. Recently mesh stents have replaced coil stents.
Mesh stents provide some advantages compared with coil stents, but the installation into the

restraining catheter is problematic. Using SIM elements requires a technical refinement for
5
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renmove fromthe human body. Carotid angi opl asty and
stenting are alternatives to surgery for the treatnent
wobkooabiaepscl erotic, carotid-artery, and randoprdZER005/000492
clinical trials. The bioconpatibility and shape :
their’ BRANIAHGRI dihdey itofeqtivds usnpapetialgreSikdining cinstsurnaite Meshmstents are
useful for this procedure. Conponly, supgrel

: ic .
discispdvnofori examplel 't (YsBHEw <] Flordx BSHER | ySY-‘é\?(: Puering and D.E.
Tolo?'?elof 'lﬁfﬁ?ﬁ&fj ir{1 Ero%gggﬁﬁ%% & e R AOhM" €shlichde 8n BHap® Mmory and
ar g%r an € ed to

vessel, cri
SupérerasfcolehimledienSME Ti20001 Ed SsMi Russek dndrrR.diekpn.cp HH3cp04.
restrained in a delivery system (catheter), before

beitng. PdtadtAppiichtyon Nb.e@y#ab, 253t filed Febmuary2, 208 satitled “Staples For
Recent |y mesh stent ave re ioaced goi | stents, Msh . le and
BonétFéﬁ‘tt?“prte\ﬁb%l@r%sﬁh‘eig&pgm, 105 fysRPREGMRMPRY &f3gy bone staple an
assoﬁaﬁﬁlt ap s J}e%éfﬂﬁﬁiﬂkltﬁé is@ipld BY EndrbRingetiler spafli 1Bfkth for insertion
cat het'er pro

I's lematic. Using SIMelenments requires a :
theréafCinti thel bonef The deformdtiont taage of hstsianlaallows the siepde tq revert to its

shone i (R Qg ot o ey PRl b IRl Rt

Stent Desigp" by.T. ' . E. Tol
putf? slf?é"d“i&piﬁPSE%'éc}ly\élgEbj/z%J/#%egpeﬂt g?ﬁ%’flp%rngrez%oz by the present
AppHRBCELRNeE Mkrating NRESRSHo A @&€| Whishii€ incorporated herein by
Technol ogi es SMST- 2000, Ed. S. Russel | and A R .
refefapice.odisclpges 385 idRinbulgr Inagemesis appRsptus 4P1 ¢7inig organ portions of a
09/ 795,253 filed F 8, j " St-apl o
o) 6385 418 JbFIERRLY FleA s S HLbiShag) £8 o cnmping
supor BRRRnMBIREY thetdwith. The enastorsia ringdneladacd lahgtl of a wire formed of
apparatus for deformng the staple by incre si.gg t he I .
a shapamoreeryt oy stefininget eiPaH everdlyiciciap shapg BRYiRS a-phEiral opening,
' n > il R Rtotds@Wing R ShéRhset & 1
and(rjlg{/vgéﬁ %%r?dlﬁp {s[%s%glpg&vt\%gﬁ t he terrpersat u?ée cha;(f?g 'ﬁ)e emony .a o
assyrhe i lesict oramsiiaablenstate rat taclowier tempsratwiet ped ph iastic 9Bte at a higher
Pat ent lication No. 10/.23735%59 filed Sept [
tempgigint, T ansS i, T SRR e ¢ or SReER PAPEaan a the tower
temPEARIEORS Sn ANRRCAE’tEping Wdn6iBuriation MO Fevetieg thaheisecond, higher
y refeerence, discloses an intratubul ar anastonosis
temppraturet us for joining organ portions of a holl ow organ
after intussusception thereof, including an )
anabBoApgsication Np. H12B740% rfilediSepteshpp 8r £0€7 diyethe mresent Applicant
use therewith. The gnastonmosis ring. ngl-udes . .
entld e ina et AAShape: i 1y, ARl herin by
ref&rbRee HiGRIN8S ah! ¥ppakdtedIfer itPaiRlar htisBgceptivdntuidlanastomosis of a
openi ng, and having overl apping end portions. The ..
presgletecoweliportiamef ahallew organagBe appasttys Hicluslss 48 anagtorosis ring and
255G | £ wife? HREY 1Y UehiRiig a closed
PIhAiosia TR, £ 5Kl & LR, BERR Sy Rt o cloe
gen%ﬁﬂl?f €ifcutdr Shape) havingreeylappitg emd partione SBiecatastdmosis ring assumes a
configuration at the |ower tenperature, and an _ elastic .
plaghs ppTA oMU FIAGUYERT 17 R ISPRPBIE e 4 € Rficoals en at @ higher
tenﬂiegcnﬁre, {HEFIR AAving the anastomosis ring to retain a preselected configuration at the

lower temperature, and an elastic crimping configuration upon reverting to the higher

temperature.

US Application No. 10/158,673, entitled “Surgical Clip Applicator Device”, filed May

30, 2002, which is itself a continuation-in-part application of US Application No. 09/592,518,

entitled “Surgical Clips”, filed June 12, 2000, by the present Applicant, the contents of both of
6
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US Application No. 10/237505 filed Septenber 9, 2002
by the present Applicant entitled "Intussusception and
w@nashonmsi s Appar at us”, which i s incorporat edPdTETIE2065/000492
by reference, discloses an apparatus for intratubul ar
whitln hiesintapeptdddiereinthyareistaepdisclosts an pisei@tdip applitator device
portion of a hallqw organ.. The apparatus includes an

for SPpIEIB RSB Hyp- dhg G o e Tt 221y gy ehppgsmemory alloy, to
pres¥ fo e&&r D8 dcat alP @aﬁrbngearos&ja&h{ %u&@f&gmgoﬁm@l& 0Ress to effect
gener al y circul ar "shape, having overl appi ng end
anagtompsie mlserebﬁmeean b eppigiator devige alewsrEy the pitaslubtctomand application
a | ower

o i bR TphE AT e iR B e pEFabp compresss

toge®ieltht ngjab&if WARSHOMeSHollo Sigah PoFtRdingi dhdAthereafel &fk&@lthe cutting
configuration at the I ower tenperature, and an el astic

app%rlatuﬁﬁp m§iete ﬂgmdaftqeahprﬁﬁssﬁ t%e\mr g Welst leeprAyign@atency through

L L e

assumlmsmp]astm osmlafleable statm \Mhmnt atanlomer pmmperapm andi hn elastdf state when
Ilcatlon . 09/592, 518, entitl Sur
reaciyTen SR GPPSUC1 30° STBGAY ¢ IRESREEdfoRgrpEn . the Tower
tem astue@ Ah@ B Sla0fc QRBuRtivA Ldh RV &tihg Pthe qaig%ﬁédbefa%@
y reference, discloses an anastondsis clip appl i cat or
deVA &fribdi pRBPAY LS BMAL r GG upvlcemﬁclﬁ{i spU'SSPat No. 3,620,212
formed at Peast par% a shape nenory a oy, to
to Hanpew et @gewlheln dim}oacean Mlln@mtﬁrmn@mcmvacbmce U.S. Pat. No.

rti,ONs,.seQ as t ffect nast
3,78 BHERR P 2H WnES R TorpE ot M Ry R B o 3890977 to
wugdﬁwmdu@ism@esamwmlm@ﬂ it®Pendfa dabiRtes WF Garmala. Cl i p into
adj acent holl ow organ portions, such that the surgical

cl 1S PRIMNEL I8, D08 WREs dah@ NsUcABENt 8, 1Blkb %nf?tfle(f Fosthetic Device
hol | ow or gan portions, and thereafter causes

Couplings, hdisakopesraaprastheiic plernmtr sgrerelyheingd Jt@eexaturgireégs@xﬂ of the human

bodt glgle tglcﬁ?e% ?Eefgrélﬁtsa\‘\%#lof F](guC;))H rOVI Fgﬁﬁ elxﬁl%ern]ra? %qraglsmon-temperature

rangeomedaxofbe alesdiafed mﬁutsyoﬁgxhayshap@ lath temperABEc delow its transition-
plastic_or, nmalleable state when at a | ower

temp%rﬁwéff Featig theepupting mesher ot iangpefis abeke Hierfgrngition temperature
oo AP AP R P st (s adl Shpe i B BREARE L 1
¢ onfﬂegy%:gﬁdé%xgxgg Q/lﬁ)e | ta{'t%%a%ghemg&gﬁ é*%:e% %l}d methods for their

t enpera i fio prlor ar
use.medi cal devi ces i ncl udes US Pat. No. 3 620, 212 to
Fannon et al. which discloses an SMA i ntrauterine

COBNVIACKREd MevidevwhRh dhploy Bt SMNOreqiire 86atf20 aé Well as heating the
Johnson et al. which discloses an SVMA bone plate, and

applimtergusedn positeomenthy devicesy Tymierllinhesting isseqededto bringghaalloy to a

e GEE it e e ARG L AT YA T s o Rippersome and a

timésRiiffchihas achiBey paticdlatlplf thgdeviceds scbopeitidnep imsdd e bédy. Heating
el ement securely joined to a natural elenent of the

maydamage sensitive biological tissue. An additional disadvantage of an SMA device based

on the SME is that such a device typically does not provide a "recovered" force over extended

periods of time, i.e. long-term compression.

SMA devices using the SE effect require relatively substantial loads to generate the

desired effect as will be discussed herein below. The applicator of a device based on the SE
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body using a ductile netal alloy coupling nenber. The
menber has a transition-tenperature range and can be
waledoopmaer fromits original shape at a tenper apCI/E.2005/000492
below its transitiontenperature. Heating the coupling
effedrmnﬂ qmsmonmgtafrtbe deptice ie gataraldy cmepltqawdsi%en awdermg surgery difficult
n’g ure causes the coupling to try to return to
‘fnoitt‘ BPeSIYT-nal shape and effect a secure join. There are
difficulties with prior art SMA-based nedi cal devices

and net hods for ' . - ces which

enpl oy the SME rgmm&%wwﬁ S heating the

applicators. used in t,i.oni ng, t he

D e vt e oty RO HEAr A FiRHETBipe, ghapg memory alloys
(Sl\/ltﬁgrfgeifr@‘@lﬂé ForDRMA cohnpredbioh, afRERAY Bh o eigsucs. gBhe31aeﬂmd allows for

his heating is cunbersone and at tinmes diffi CM
the by efcloielpads p@d theclgpdgrarg appliadtat teraperargssat thighpthe SMA is at least

R L S

cal tlssue An addltl onal

dvant age of,.a e d .
R by S 3R o S S b e aons
for ér@&t@ﬁslﬁ)é@fesﬁ%&tﬁﬁﬁﬁ&) pedr dﬁtdﬁetﬁif)ddil me, i.e. long-term
conpression. SMA devices using the SE effect require

relffel pedeit BRI ao ihRAdKH tb pre8aEE Aethddnfor dsifiz SRIAs having A¢
effect as will be discussed herein bel ow The
temp@pluresdielrw bodytetperatsebased on the SEeffect and
positioning of the device is generally conplicated
of t'Em: pmmrmmtmnngd’myh@uﬁfend@ﬂ to pfovidst a inpgshess fag] wsing SMAs in
RY OF THE | NVENT gent i nvention is
medicAl SRUSES VRETpr VRIS E%vacerp i B Reror y
all oys (SMA), to pravide |ong-term conpres

qeTERPIES O DU (i 556 JUEn s S PR e P sipg SMAS which

ek ORLS oANE abpifed dRasEingkércapp! i ed at
allo%;f%g gltltgres at \?Vhl ch he SMA |n§ at | east part| ally in

|t syt ds%@r?t' GvenRORSE- al@?nt@ﬁ(ﬁae{bt FW&N ﬁﬁtﬂoﬁ for using devices
i nt endéd to provide a nethod for glng SMAs whi ch
con@lihiapSM As whichallews Sbraqasier pmttmmatg woirent Usiarg qudevane applicator.
met hods. The present invention is also intended to

pr Wﬁ@%&e@eﬂﬁﬂ%ﬁdoﬁ fyraldosinrgddd\MBprivade mgdithl desives fatmed éom SMAs,
bel ow body tenperature. The present in

ventjo
emplayinBaHess e Ea AT BHANGEIOfES 6 UPeSFIag ﬂﬁtlsm@ﬁl’a effect.
nmedi cal devices where restraining of the device is
ef  padie g k})foplﬁgd/ abbTaME - to [RR RpBSCHE tHeNYREdnt AfvdnSiod! & hethod for
i nten provide a nethod for using SMAs which
utllazlnhg)\asdcffonmgﬂ@aﬂmie of goanfagtusé adapted hp hawe sqlﬁgt@blptﬁrﬁg and second

prefdetem%ned configurations and being formed at least partly of a shape memory alloy. The

method includes the steps of: deforming the article under a deforming force from the first
predetermined configuration to the second predetermined configuration while the shape
memory alloy is, at least partially, in its stable martensitic state and at a first temperature;
applying a resisting force to the deformed article of manufacture using a restraining means;
heating the article from the first temperature to a second temperature in the presence of the
resisting force, thereby transforming the alloy from its stable martensitic state to its metastable
stress-retained martensitic state, while the article remains in its second configuration; and
removing the resisting force thereby allowing the alloy to transform to its austenitic state and

the shape of the article to be restored substantially to the first configuration.
8



10

15

20

25

The present invention is also intended to provide a
nmet hod for using devices containing SMAsS which all ows
wo o0oc@a=REr posi tioni ng when using a devi ce appdT/Oa0ay000492

The present invention is also intended to provide
nedi aaprefbered CasbddheRdofl thenn&iMda ofetlipl mydeny invention, the article of
stress-retained martensite and enpl oyi ng the

manyfgparels adnedicahdgdes-city (SEP) effect. There is
provided according to one aspect of the present

| NYEenhbMer 2okttt o1 thdl bihdl N ehed nfbBdA FRHeP iACIhd&! e step of
of manufacture adapted to have sel ectable first and

'posmcamngdhprd;:d@n@ﬂrmﬂﬁle@ whm ther htlﬁnem&%iﬁdwbw rige fdsforpgd article is

restrings B e B ae feafy “HBRSIRTRSY RO neREn AP ep of heating

is a dRpWMuindtRang Wahaing! toebokdy rt&hpefiﬁtﬁﬁheﬁvhémﬁbemlcle is posmoned in or
configuration to the second predeter

near it b dyOPP A PPBCTARES SR APONE Hi5 10K Fa erimeratue.

| east partially, inits stable martensitic state and

at I@ £ bidtnd eémt%&hh‘ﬁteof RBRhtheY the mRsthéd 'ﬁﬁﬁhef @fichedek Qhe step of
ge formed article of manufacture using

posmemng dlhen dq:fgnn@am@cleh\éahm b hvraambpedy: e this @mbpﬁelem tkg restraining

st PSS U 1 R GER LS B B8 B BERREaRL s o

autofrla€@iBaliyt Svashinlp! © Hc&fyt &ﬁﬁjefeﬂnﬁe Siladnethie Cartitle 1§qioaﬁitoaéﬂ én or near the
stress-retained martensitic state, while the article

humag bady, o termperatigre Haipe abeivs the AU e CBREFAMES DI ng t he
resisting force thereby allowing the alloy to
tr %@%{\&Bép dbddiBeR bt itRNnkined Stha h uyadfutther HBRREs @E steP®f cooling
article to be restored substanti ally to the first

prior tnfhiegptapacfi defioriming apd dhestep df mguxn@n‘ﬂesoxootm&tmeqm@@l to the first

o550 b, M0 Py SO bl o JREHRARLYY o s v

marf®R5ifi0 Giatd. R somE hﬁ’ﬁaxfcb!i bhes d:rﬂﬁddxhﬂ@ﬁt tHesst&t éfPcodling includes cooling
positioning the deformed article within the human bol¥

the agticledram hejefayisraugtenitic istafeato; asstate gehergim e ey ihat least partially in its

stabfeer%%&géfsmcrkga ans. In sonme instances of this

nent e step of heating is a step of
automatically warm ng to body tenperature when the
ar tlh ahetheserpbeditniennefothe metirodn Seerstethef Ieating viedetes hb@idyg the article

b th | Af t t
o SO AR oSS kRS ©
further includes the step of positioning the deforned

ar tih GeLandtich iembbindit BBMe Bdhod, the stdpi of Heathagis masdp, oftai®matically
restraini ng neans is body tissue. In sone i nst ances

of
warmiigs toshrsbydPrpeisture phen ghceastigle 1haesitiongdiia of neardpe Bpman body, body
R?? v@g enperature when the
temggr%\ Bélﬁg L‘ﬂf)&é’g it on@% 'Altfgelgé)e%rqt‘é}gr t he human body, body

tenperature being above the alloy's Af tenperature. In
andhhstill amitienti emebridiroéntt dfetheendioat] thehsteprof hoatingunchudes the step of

heatldxggc ~ eﬁaghlge ty'?% f et grpn)gong Iaﬁéthtfeﬁg}x texgtggc? Fthé temperature is
beldweMarthi )céteanbﬁleF Qﬁabgﬂfrﬁetnt, the first temperature is below M; and the second

temperature is above Ayr. In another embodiment, the first temperature is below A¢ and the

second temperature is above Ag.

In another embodiment of the method, the step of removing is effected isothermally.
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tenperature such that the shape nenory all oy
transforns, at |least partially, into its stable
woRsob®nERt i ¢ state. I n some instances of this PCT/IL2005/000492
enbodi nent, the step of cooling includes cooling the
ar tihahenfbodimény ef thielrogthed, shestestriining meang @ the stap of applying is body
wherein the alloy is at |least partially in its stable
tisSYfartensitic state. In another enbodiment of the
nmet hod, the step of heating includes heating the
ar tinChmdthit dchbolimeithaft tHehmetlddpst tienmreenslihantion, a deformation is
preserves its stable martensitic state. |n yet anothe
effegtotl dnithipep of defosming ol Meppe forrdefprying, whichrg thegsape means as the
t [ n I
re R e R Y T e b gy fbolying is
subhaﬂyallyeu‘pmnahummnbef nge aloborminghdora¢ |ppgvidedifin the step of deforming
er In still another enbodi ment of the nethod
emﬂlﬂig)dstf’ °6‘F‘th%21‘i"| g includes the step of heating to
above the alloy's Af tenperature. In still another
enbpdhiRidboldlifert ¢fSthet RBMOdAtHE Step Sofbddformils . lnd':lu&@t a deformation
anot her enbodi nent, the first terrper ature is belo
effegted yhe meapo T deiorpRGIMiNG is $he B MARNS 4Snthsﬁ%ﬁt%gvng means in the
t Ie
step QP %ﬂgﬁ?g ﬂ%le%‘ gfeu{ng{aﬁéesa g}\i/’ig %&b‘dﬁﬁnéng ntgg h%\rﬁlaie?ﬁ galgxgaﬁshlﬁ the step of
appqﬁngfseboﬂphbmé the step of renoving is effected
isothernally.In an enbodi ment of the nethod, the

P SATR HE ——
maRiB&ERL THEY aRiclOns aﬂaﬁk@iﬂ Oto MR4vieO Beléctabitd st @ald i sacdrtie predetermined

step of deform ng a nmeans for deformng which is
configuratigns th@aﬁy;lfa ein domaagk HApar Rartbredfrs shape emewelloys The shape

mex%BPy X %PEF t dé’ﬁ%lyqﬁl {t9% Ic:I ﬁl%éé}ﬁ]ﬁ:t thF gi}nd.aiﬂpz{ ¥"r§? Yemperature,

'S su nti nua mng force

thetbb9\fadil€tdtmg’ldéfbﬁnat(mmfafle ahaﬁkarfmm thecfirptl prydadertonaliedamfiguration to the
the article. nenbo ment of the t hod he st

secgpd gEadgteRmmgd R REwEtoT Er DR DI er %vctse%mb tgansidrmable from

the TBAIS maREn&S QhT1HS MEthGhblE §trés§§et§ﬁg@ n%@ﬁ‘s‘in@&afeh ®hen heated to at
restraining neans in the step of applying. In sofe

leastrs saood seroperttnies inethoqutesener of & ipeedetesming rrﬁﬁigmgeﬁm@ iThe resisting

or S BBl R 5T e E R AR s etsines
maftehHidT8iteCtoddd hestéhitd staRMaHdaGEMDE alsahﬂlpaddsl Q‘é\&rslﬁn of the article of
adapted to have selectable first and seco

mapyfagere rifem e thee Gegangu PerdeisABined heonfighiatipe E’elthF‘g frst rggrletermined

coxﬁ{ lgast partly of a shape nenmory alloy. The shape
r alloy is at least partially in its stable
marten3|t|c state and at a first tenperature,
In an embodiment of the article, the first temperature is below M. In another

embodiment, the first temperature is below A¢. In yet another embodiment of the article the
second temperature is above Ar. In a further embodiment of the article, the second temperature
is lower than normal body temperature. In yet another embodiment of the article of
manufacture, the stable rﬁartensitic state is attained by cooling the alloy to a first temperature

below its M; temperature from above its Astemperature.

10
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thereby facilitating deformation of the article from
the first predeterm ned configuration to the second
w@e@deiaem ned configuration. The shape nmenor ypeld/liegos/®0492
further transformable fromthe stable martensitic
St &t eanlothed SBbaEMRR @fStheessiclegt the NMetas@bleeB3tssirelated martensite
state, when heated to at | east a second fenperature, 'in
trangferansptodthe Austeritic atals w9BrePaYH of thegesiging igroepnddhe gyjigle reverts to

. Skl Ng: s SPeE S ok s ar mati on of the shape

its ﬁ%ﬁ%ﬁ@é‘ggf%}%@é% téf:bgeil et a%tqa[)ol e stress-retained
martensitic state to an austenitic state and thereby _
al $o stipewéer rembodinon offthe eticde, tthe lagiclé ofremarfufasture ds a medical

dfrom.t he second .predet er.m ned conf i ation to.th .
devipt QN PR LR RLEoC iR 1 QR A TeoReoR P SRplsCinipangally body
tempditurd dnd A 8s bd1H® volly Smpepitirer at ure i s bel ow Ms. In

anot her enbodi nent, the first tenperature is bel ow Af.

| N 1Y StheRRAUDARIMSHP 88 kHEERHicIef the NRedidal ideliRe hy B€CHREtgical clip, an

tenmperature is above Af. In a further enbodi nent of ,
anastdrnossist iripkefort pempingo adjageakrpatustuseeptdds orgaevallhpertions against a

n [, body. te r at n ' 1
sen O R PR SR B, ¥ S0 M SRR et bone
fastéleRla® dxpaiabRi a@ ddyharpokoéingr inesh stbhidpr dispaésidig frsa human vessel so

tenperature below.its Ms tenperatyre from above i.ts Af
as g @R IPTEVS gHe eIk ST eREh fan HERPRRT. fRyice, faheart valve

I - i t th
retafﬁglgﬁr%??icgmg i&5& fofbahfifls ﬁ?sfle,eaﬂa atofoddREsd ale® to the

_ state upon renpbval of the resisting force
anqnt p%n@réﬂlg&gmgﬁt\ée{)f Sthé odéf&ﬁn \d Sa'i‘tu]qf néf gﬁ'ﬁ[rﬁ‘lrfdcgﬂe, the second
from 1S second Conf | guration. In still-another
tempérhed FEBven thahttedgnempdrature drel Ay isibelosv dfe seeond wotperature. In still

I's a nedical _devjce. ten when a nedial, device is .
ot ol S bl debmeb st Eha® PMEOHETHNT e ey g perature is body
by fenfHachtde efnghBbRHE alYy'd £BAp&htk€. | n ot her
tem ﬁg@%%n%ﬁ¥sn§? t he grﬁicle, thg&med??gp devi ce may be
a surgical clip, an anastonossis ring for crinping

adj acent intussuscepted organ wall portions against a
general |y tubul ar crinping support elenent, a staple

for bone fixggGiy Dﬁ%c‘iﬁﬁ*ﬁéﬁfbﬁ TPEDRAWT ,an |
expandabl e bone anchor, a coil or nmesh stent for
di spos| | K i '
| P A T N2 5 B0 o B RPNt
willdss¢brie ,apparbetatb tthosel skidled e diendrhlgy reffergncedo ¢heaenpuhg\vdes@iption, taken
. for securing tissue, and a blood yessel filter. In
in COBRBCUAHHHR FREACSOBPATYHIE HRYIBMEBIMERr ti cl e of

manuf acture, the second tenperature is | ower than bod

t enfier dt dhstraige the mwyéiﬂ%wtenée@e%ﬁq&aagﬁ%%waﬂé. a | fynction of
temﬁgllrz]i%e ?Jrq%afﬁgﬂgggﬁfoj (?ﬁldlﬁ formable article of

acture, ond 't enper at.’re i s body
f,_\]? lgr tGI;c,J gxteﬁpgr%g%c trc%@s%rrxt%&{ &f 91%' MS&b@Ya?eSS Ii‘r? aaéhla;?é/ 'm%mory alloy

subjected to controlled stress and temperature changes;

Figs. 3A and 3B are schematic representations illustrating the shape memory effect of

a device subjected to controlled stress and temperature changes (PRIOR ART),

Fig. 4 is a schematic representation illustrating the different microstructures possible
in shape memory alloys and the macroscopic changes of a device made from such alloys

resulting from such changes in microstructure;

11
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention wll be nore fully understood and its

wo e@boras7 and advant ages wil | beconme appar ent POTALRO&ES00492
skilled in the art by reference to the ensuing

depgy. |5pfs|é3§bhe¥rﬁli@ﬁ‘eﬁrébeﬁ@ﬁbﬁl 'ilﬁIstr ihesup&t@lasticity effect of a device
acconpanyi ng draw ngs, Ig. 1l illustrates

subjected temontpkied %'/eé%@‘{aéwst@%éém)r ansf ormations as a
function of tenperature for a shape nenory all oy
( PRIZORART)schéngfic 2pieserdativoibnstatiog t@mueslemsm pbﬁtmfy (SEP) effect

| bj d
ofa%*%weé’ﬂ%es%de@‘c?{n?éieds e R TR afichos . o oo, 9A
are sg ticre reseﬁﬁgtlons illustrati

gﬁ:’e B SRR fePEEeat tra g, the, phgse gansfn OnatidSs between

aust&fﬁ@tz{n@ll JtrR6s- ﬁﬁﬁ@eﬂsmm&stt@ (PRI ubfestcd N3 RBASoI AR ARNemperature
4 is a schematic regresentatl on illustrating the

Chandﬁ# tAorehrdyrieoperature) (P ABd3si bl e in shape menory
al l oys and the macroscopi c changes of a device made
fr & Sush g’aplu'yai reprssentatiog off fae sersts clhsingdsstange in shape memory

alloy SfRIES st Y STMLALs sy 3@@??5%??@%?"2?52”32&: ce
sugJ ect ed to control |l ed stress chan

& 1% 2 BraRtieAldepresqniation d riomna “’Fl léﬁ‘gf’%cﬁg"eﬁ‘fé extension
applRHRE SRR HhdrforylaBsy § ?Iteybz{sgtfgﬁ SRM ELL< 97°C9 aH@SIM&A, < 37°C);

subjected to controlled stress and tenperature

iC r P{E §8is & kcglen%itelb gh aumedfeat iCF BLf ﬁﬁp%rggd-&@tlonal views thereof:

trating t se trans rTHtIOI’]S et wee

g‘gg}é Nt E PAheRllie TizaAE B i BhAGSRLLE nﬁlglal}{h crogs;sectional views

cte 0 con ress an ture C
therdoff > body tenperature) (PRI OR ART) F| g. 8is a
graphi cal representation of force versus cl osing

di gi@angeis o sshapficnEibitionl df0ih siRNeSiPASEn @AMPIdd engagement
(Af > 37C) and SRM (Af < 370C); Fig. 9 is a graphical

agam%@rcggmwmqnpﬁrt@ﬂewﬁpar ative | oading force versus
extensi on applied to shape menory alloy staples based
on F&RMT(AS x oyt g sssratiopal§ vw“evt@@)l fipimy .Fig.0 12 sindicating an
R esma“ Cinl delriishy 84900 3 Sé”lg{ucé"‘ds t doho"ﬂ‘ r. io
a“as% s U {1 GiaRing Pagree R v 4 igfugsusgptedholloys pream pertion;
ustration of .an anastonpsis. rin )
cr 612 18385 PelEhent PeRBeETNEREDH O 431G DI wabless chema i ¢
illustration of an anastonDS|s rin n cri |ng
en§iyd bt SFHIHS PEPRII ArsicitP %ﬁﬁgﬁ’ bméq% Fig. 13
is a schematic cross-sectional viewtaken from Fig. 12
i nHiedoit n@ sgRematic perspective view of an open bone staple applied to a fractured

bone;

Figs. 17A and 17B are schematic views of a bone anchor in its closed and open

positions respectively;
Fig. 18 is a schematic view of an expandable bone fastener;
Fig. 19 is a schematic perspective view of the bone fastener in Fig. 18;

Fig. 20 is a schematic perspective view of the bone fastener in Fig. 18 with closed

anchoring projections;

Fig. 21 is a schematic view of a coil stent;

12



anastonosis ring in crinping engagenent with an
i ntussuscepted holl ow organ portion; Fig. 14 is a
we edvenatizT perspective view of a closed bone speapiepos/000492
Fig. 15 is a schematic perspective view of an open
borge $170Rla&chdrhdlic viléiv bfa é‘es%éigg{&‘gh&r B HmAPRShl M Fony | €W

of an open bone staple appli a fractured bone;

Ml Glg. 25710 oABfkteA R VAN oPGRSHRL] ot PP, 95 aﬁemaslgl%bor
inits closed an open positions respectively;
'S enat J X d f ast
. gﬁg.i%f‘lisgasgheg% ‘ﬂcfP‘g{s% ctﬁieérvgeﬁggfl @2&.@ iRan af Sperttonfifiation;
ast.ener. in Fig. 20 is a
borigecs; Fas idimBie shEPifie Yyt 8ﬁ3€e FHf of Tig. 24 jp o closed
5 conﬁgggggnanchorlng projections; Fig. 2 1 is a schematic
view of a coil stent;Fig. 22 is a schematic view of a
veqag b6A &l PEB Ofred Qckdniilc |i2psabf AtdeRl x’ﬁ&;ﬁantz&fbl% and after
a schematic view of the vessel filter of Fig. 22 after
' lmpﬂmt@mlrameetmvelﬁuagd 24 is a schenatic perspective view
of a clanp in an open configuration; Fig. 25 is a
scHagad7 is apehapatstviewe of i exaivingtring for wewithf anRirgficiabheart valve.
a closed configuration; Figs. 26A and 26B area
schematic views of a dental inplant before and after
i npl antation respectively; and Fig. 27 is a schematic
view of a retaining ring for use with an artificia
heart val ve. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention inter alia teaches a nethod for
using a device, typically a nedical device, forned, at
| east in part, froma shape nenory alloy. The nethod
makes use of an effect referred to herein as the
superel astic plasticity (SEP) effect. The operative
phase responsible for this effect is herein referred
to as stress-retained martensite (SRM. As will be
clear fromthe discussion below using the SEP effect
based on SRMin nedical devices, for exanple, has
di stinct advantages over devices using solely the SME
(Figs. 3A and 3B di scussed above and Fig. 7 discussed
bel ow) and the SE effect (Fig. 5). The SEP effect (and
SRM on which it is based), nedical devices using this
effect, and a nethod for using SMA devices enpl oyi ng
this effect are the basis of the invention described
bel ow. Reference is now nade to Fig. 6, where the
superel astic plasticity (SEP) effect relating
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to, for exanple, bone staples, bone anchors,

expandabl e bone fasteners, stents, or anastonosis
wa@bepsiartd the |ike, is schematically ill ustraPeDIL20682000492

SEP effect used in the nethod of the present invention

represents an SMA's transformation fromat |east a

5?23 o e DISt AR MR RB m&%ﬁﬁowm
U b S5, Tk SRR g By ety o
meleJaP B&Vitd §SrmelNS 184s€ Rbpart, |ﬁ‘é§I 4 NRQ mRfraslldyoThOnRthold makes use of
Cooling 70 a device fromthe SMA's austenitic state to

an effece rqfelmt tor berainessctherapgiiastic plastiqiyySEPD sfliepta Tihg operative phase
e
cleaf Gionc el dlsmiJss'I&l Belownusing tHeeSER efificce baved mﬁRMaih medical devices, for

nonlimtjng val ues. However the |.ower I
exaglen b skt a9VanFsEes Yen Gevisey, KNG S01os I e B (€ 3h ana 38
d1sc9§§eg'a39$e SRPPE. PuiRRRkLY| 'b@ﬂ)v&ﬁ} an@ash SE Qﬁécﬁt{mgo rS?deé' SEP effect (and
defornmed martensite; 3. Renoving 74 the load while the
SRMeni whichdt i lwsed)t med@fabdms mamgdblé @yﬁfﬁ@t, Qwhpen%th@ f0r using SMA
d ahi Le 1t ne §I 6% g) {]t% e edq)elow
CVWF%?BPQYV§ 5P ecﬁ“e¥£ A5isP ﬁ&“?% 5 evice so that

o ASTEPRGRTs DI T o w%%rremwefe?# 12 Bladei by Bgp) ettt reating

to, fbh@iﬁﬁb’le CHME isfapled, BondRAEKYrRkpAdable BOhS faSteAérk Oferfls, or anastomosis
eorme martensitic state to a stress- retalned

clipsrend ethe ilikiec iss schematioflly Blusteajed. rheabFR ¢ffaetr ysed sntthe method of the
[ ted '
presgnta 1n%enﬁ rbgéﬁrgs%gﬁ 131 S )ﬁp £ Erﬁ?{t&gﬁ%l%{loﬁ‘ox{x hhlggui gl ;?13992}18' martensitic
phabd tmxtsl agtenitibiphadeaad imgxetmabhenafehant ehasby warming to
body tenperature (370C); 6. Renoving 80 the restraint

SO Hipad sdHematleMiyGBustelds tE stePs int &ppBAngithe SEPSIFRPELoM ddvice formed
the alloy reverting to its austenitic state. It should

fromh @n $) 4 having SR propeitishsThesteps dlupated grems fallowey ed
differently for different mechani cal devices. For
SXSBHng v frdmm trOOVRS flienflRTRIER Efnpefiithe Wifere the SMA i
L. de orLg7Oq1 J%réﬁg&ég 74. fﬁgnstgnt Is th ﬁ dlgposg: ° '
7 Gat ilemst psmdﬂrj orantecsish dpeingihs sepsiic tdebice rétaigs ntameiginal shape. The

such .as eter i,s restrained .and .

al SSHRY) a{‘i‘) eﬂé‘?’ﬁw ‘?@Pe‘%“%‘}% Cﬂ%lmgcgf ShEX Bethe 6%‘%‘&‘]’? g typical non-
an;ARAE VaRS IHowdledieabws teRperhfiee MBStibe MelodeX|.ce i s

cooled 70 to a martensitic state, disposed and

def orned (opened) 72 by an applicator device.

2. clPpgfompings/2/the deviee fioy ity origibileviepe ByiprAl¥ng .aéoaC% nleereby producing
cl ed 76 in its open, deforned
c&% ?3%?5§|§ﬁ ‘5 the sane applicator device. In the
case of the stent, two different devices are used, one

3. f ORerdeving 1Mdnihe load while the device retains its deformed macroscopic shape and

while the SMA retains its deformed martensite micro-structure;
4.  Restraining 76 the device so that it retains its deformed shape;

5.  Heating 78 the restrained device to a temperature in excess of Ay, thereby causing a
transformation from the alloy’s deformed martensitic state to a stress-retained

martensitic state. The stress-retained martensitic state is represented by the region of the
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the stent by applying 72 the original |oad and
another, the catheter, for restraining 76 the SMA
waleswsoelriduri ng warmng. In the surgical clip CRSEIL205/000492
single device may be used, first to apply 72 a load to
dgfaph Mbbhe didgbRala0A lifkery. 'plcaRY, "k Wvithiogt B@M%QEm‘ﬁhQnthls heating
it is heated 79. Accordingly, renoving step 74 may or
iRy dsefibeed by wiaremede editicmgerahire 34 @evi ce used. I n
ot her enbodi nents, human tissue may serve as the
6. rBsmp‘aunguwghmgmt S ithag zengsivice refivEs tSVA dsigirml shapg| wish the alloy

altev g 1ts ‘Eéﬁ'ﬁ@&g@"?‘e tissue ac.ts as the
res evice during the warm ng process. As seen

ot ﬁh?rrwgvﬁ St PR Sotic g Bim e 1R pd REHLE ditferent

mecH&IiEW devieeQlres ei@drﬂﬂera £tBitgs Sosled 3, defdraiedi, Eﬂ&tﬂ%‘mﬁormmg load
tissue where it is restrained and allowed to warm 78.

remoysdeld diha stens frafhen disposed T ingitafpipmessh sénap@ inte @\gugtablp gnstrument,
such da%?lg&rah}g:ge \gﬁfr}g ntax'ts z&%&g Y aFﬁ‘k Qﬁovkéeﬁetg t%a thArﬁéme§1cal devices,

suchi o an adestonones surgsalec,hpattté mstc:ﬂtchpllce iy ectdjmsch 30 t® airth&tensitic state,

orig sha he SMA from whi.ch the sfapl
dlsp?ﬁffﬂﬁéﬁe ormeq 2? by pty ARPYRRICE de\ieks A8 ihe elip ween%?% directly to
ambfét Ee%lBéYdtﬁl% e cﬂb§§i=é§§§9ed‘f’%’ i (ﬂﬁﬂ ed&‘&%%ﬂ!ohﬁg&?ﬁom the same
not include’ the renoval of the entite resisting force.
applivator eleuiep! In, the wasst efithe stehie twe diffentidevices amyused,nirierfoedeforming
to r.esi sti orce ich will prevent
the shchy 3Ry b ofiEallond Sod Sl Mt Eitoelbe, FarBfsiaftte 76 the SMa
devisd@ng \Bmﬁn%tmnh@mgbﬂdiuglchse & Singlelielide byHeanrtd, drbtio apply 72
their initia e as ost eosgﬁet hesi s proceeds. For

a logdhio dsfarmpthe clip @@(ﬁ thenfe restein e dediesvvlieg 1865 hepted 79. Accordingly,
remﬁslh%{% Et%) 0F nfis 'ox?ﬁk%w%?bf %leéde%\?g@ngfﬁ ﬁi%r(ﬁe@&% Ly t he

thout 1ts”conplete r n ot evi ces,
S u ho&%{ %xggocf' leeg{scﬁlgrrrlr%lvg ug rsigrgg ugllteer%:sélglLri:’lrg l'Iﬁwans For example,
wheﬁ&ﬂia bohe staples dre ased] ﬁﬁctb&d lhtbde tisdueadist 3ahe t&&aﬁsﬁﬁgﬂd@ice during
cooling 70 I1s optional; there may be_instances where
the WaEiRgATasesst s SerBVindagGs aéraplsaayoqlﬁi . gatarmat (79, and the deforming

load RfbGaB A | Ei“h§ts§1})ﬁe 1§qgent(h OEE(Fstﬁ’% 39@1&1 gﬁagzpw't& special holes in the

unnecessary. |n order to etter er st
bonativauet wyers ibfs rdx»trambdasaedtallpweé e ivaanmt 8. Bdo etk eened shape restraining
furt her, bel aw, anoé Er stress-i nduced rtens

appl cga/ﬁr dﬁ?”&‘} ds §equére g HssHe F‘??trﬁnﬁ thestapje i its ﬁfe?ormed SRM state.
Grad@f19r 88 §@ple% 1@@%@%@ theFbdhe uzsu%c mws N?lel laéuﬁﬁLOﬁUStsaonglnal shape

prior art, ngerature rranlpu ate transition at
WItht tbﬁﬁMAafreme\sh thsygtagrle t§lfpnmsidmsffvmmg|&9| fraym SR tapfustenite.

deform ng stress 50 to an SMA in a 100% austenitic
st dthe sfapeott lazngnlvelg' 80 Hisguss#d may ddulras graduellyaned anay not include the

deV.I | ar aralleo a in the upper .
remg g P st forf E8e Bbve PR e tePobt FerbB Rl continue o
applySdTBmbll Aesistidge fre¢ WMmchMMiIDiphevehetheadi@f from completelﬁ recovering its
paral | el o%rarrs) Heating 5 1 and 52 fromw thin
ongmal shape. Bone staples gradually return to substantially their initial shape as
osteosynthesis proceeds. For the examples given, the step of removing 80 is a physiological
change resulting in a decrease in the load without its complete removal. In other devices, such

as the surgical clip and the filter discussed below, there is a removal of an actual restraining

means.
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tenperature range Ms to Af to a tenperature above Af
results in the formation of netastable nmartensite.
w@eovenaliky, in typical prior art SIMtransfor nBtT/Ies)s/000492
the alloy has an Af > body tenperature (BT). It should
be I shoaibeadily bhahdattabd chantisdt step bl cd»cﬂingmwismpeismlt th'ere may be
the r gl on b M)W? naI Ilne 14. coolln,g
instagges, ™ heRdPa SHTA of 9 ylcet cRU PGl TSN hgand the step

Ofcgdjg, tﬁ@elsghll,&gssggy sts in a stable defornmed martensitic
(m ddl e parallelogram upper row). The devi ce,

gﬁ %?Ae'rx o BeMlrBlR ¥he EunaHEe AT e BRRENEHARNEn 18 B iscussed

revert toits ori e devi ce

furtl(eb bbtowmmahai sltneksegdmﬁi razirmsnteem/n) sprcxnomamﬁpadsexded mﬁgd? to which
after renov 6 f t he.defo stre and on an

referis nglon Baednee S EaADY SRR LA G bR ot Enipglated, SM

tran§1R6 R bR thpedhires baswwfaﬂ;ut 260@f 1\/% N IR MO dSTbFSIRS stress 50 to an
the SMA continues to have a defornmed nartensitic

SMAnne pd9bYarustenitic siatg (reptangle i Figaf kBrodyeesdr defpmmedunacrosepic device

(larér: ég?%rﬁé § ﬁﬂttﬁg PE ?&,51 ?‘Ler s g% éﬁdttm?d %Eﬁgﬁesgbc G;Sr/xicrostructure (small

parallelopeangst um&m( Bht , latgee paratielogdmenr Keatinga 53| Mabss2d fiSkA within the
devi ce can_not be attai ned since subst antial ly
tempesatdieetanes kg8 4de Adrmprighing abpvisdis rsailispe Q%gﬂmaﬁlqn of metastable

marRRQH. GABraN9! Bdiyblal plitieart YMELAMsHrRRALISNOWE hifoy h&: an’ A; > body
are typical; but non-limting, working ténmperatures in

temparatgre @) Festipeld|bedemembsred shat gtaBlraisteTiie isnetily ppaséndtin the region
in,.the re is that typical prior art uses alloys
belo\%%‘?% "él?ggulf 'g. 7 should b e viewed in conjunction
Wlt Fi the macrg ondition o
ol 36 DR IGREFTE OF b LB hE HEVGS fegyFiag geformied and the aoy
emstsl nUS §thBik @ forfiled marfn@ne stitd ﬁﬂiﬁ@@eﬂﬂﬁalfélb e Fpp@m\@} The device,

conpar i son bet ween bone staples using the SEP effec
typi¢sdlyerimgdicaRigvinscucih as ShEnastaplehdoesmoadfreeast ks tditypriginal shape.

Theﬂ% yicg égcg r%gaﬂaﬂeltgg%@r o) r%m%ﬁjl\s/ %Q}n%%ﬁgt cP r%RM %\éxg ;efmov'\g/i 56 of the

SCri ow wWer e orne
defor@irigedtress] uhd paly an 1hbb1ﬂplﬁﬁﬁbd@é@cbﬂtﬁd‘fmﬂlaﬂ ueﬁmaﬁigl fofc@lis obtained.
cooling and heatin o which reference is now

Aftergergoval pvef the é%fﬁﬁamsssgﬁ%ﬁheawmcaaweﬁ & baveierefpgned martensitic
micios@sdiQ. di stance between bone staples nmade from shape
rrem)ry al | oys havi ng SIMand SRM properties. The

?l'uﬁ'?ﬁg’ss %Ee ot .§IiJI aHult Re 14 LFI'C gmdl%at%g ethgtq H’%mﬁs little shape

appl é ‘cbl er types of devP
restmumg Th heffeet, phicrplord, |19Af >| Hdelt@np&atuﬁ:’\/B'B)‘; am &esﬁzd Wwork@f a SIM-

properties underwent stress and tenp (?rat ure _
based Jedevigerfaniot g aftpged sigrotbsiantiat]ycompletyisangypstpration can not
be oBlhirdg, > body tenperature. The SMA
It should be noted that the temperatures shown in Fig. 7 are typical, but non-limiting,

working temperatures in prior art medical devices using SMAs. The main point in the Figure

is that typical prior art uses alloys where BT<Ay.

Fig. 7 should be viewed in conjunction with Fig. 4 where the macroscopic

condition of the device and the microstructure of the alloy are illustrated.

Figs. 8 and 9 represent an experimental comparison between bone staples using the

SEP effect based on SRM and the SME and the SE effect based on SIM. Inter alia they reveal
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stapl e 58 using SRM properties underwent stress and
tenperature changes simlar to those shown and

wale@ensaed in conjunction with Fig. 6. The SMACTIL2005/000492
staple 58 had an Af < body tenperature. Curve

advanfpes bASRN W drISISL aftetedy désoflbeibeteow tWeee pefRmned @sing a force tester
force available froma bone staple constructed from an

equipgngsl Widly p pnateredrtemperpiFegal for copding apd Beabingt han body
tenperature (370C). The staple was stretched to 3.5nmm
at FEOBCto whishadferasca & Boomadeshovea comphesentad agpialle force versus
baod enper.at ur. in ' ,
closiigfsek ETRELAH ne ShnkkE ot Akl dhallt BEARECaNES phal 88 and SRM
prop@ftice PElicresalts disclisseilin eladow & FigoB ardiequaillgpppliaable to other types of
.original shape was inconplete. The recovery was only
deviggsgnadegirom pMAguspe thessyeretied with stapl e 58 -
i ndicates the recovered force available froma bone
st &plFeg.chn8MAstapls $7 omnanSIBVRIopsitiesgindgrygnt stress and temperature

t . r-t t ; .
TR MR G R AR b Epf 0 e s
staplees asingiSRMt prypdrieSuRierwdér strhss didsteapertuve icherges tsingilar to those

test _.machi ne':s grij ppers .re ed he reversion of
showthgnd Akapesat dn e BRI RUR Tk oo HaSMA B REHE Y B4 &1 Ac < body
tempepi@lLt €. Al nost the entire 3.5mm was recover ed.

Mor eover, the maxi nrum val ue of the "recovered" force

f . - L
Olcd e aégil}{'a?%h%t? ﬁtgﬁ%%ﬁﬁﬁi&%}e& ‘%&FecB@ed;?gbmlfaﬁfecﬁom a bone

"recovere romt | M staples. These
stapki gonstiuctedt fioind fapr SVbAe shawinige n hay eenipepantea@2°C) higher than body

implicatians.for the healing of frac bones. o :
tempsBipte G 7o S PP SREER S dra) S B SRR g A50°C and then
coolddl tdlaut BoBP ¥npetitire! A the R1RMR! distitcdGids ¢éduc¥d, MRat is, as the distance

conpression on the fracture line since their force is

betwesp fhe tast flrghine’s geippers Medsediced, trpeoverqfribe siaple'sfasigiual shape was
. f 1 SRM.sSt i [, D¢ aj | rost throughout their
mcognrﬂl?%e.wl%el r@@cl\%é/ \glgss &gg 8ltéo§{t @%dml%

re closin hese'results show that only

SRM st apl es. can sur ng: ter m conpressi.on .

ootuBts Rreial e wif shpf o The BEPLSET ihe pusiaple from a bone
stapfe€ RBnSAn@tcAP fond! an’ GMASEABL |aﬂnA9ftelg‘3\1E&’ﬁ@ﬁ'@t(Qm) lower than body

| oadi ng/ unl oadi ng versus extension en applied to two

temperaiyred 7(QF Theorple wesdtetchpb foathe same 3 Gmm af 0°Chand heated directly to
oSt Sq: 03 i
TG RENE SPIRICHER e B FLh A SRRES 1P BV e Fetgion of the
stapif t@Gts iosigitfal eshipesetay dubetastially esmplewt Admown then ehfiig. 3.5mm was
while the SEP effect based gn, SRMis effectively
recoxgicd. MOTeqVET, (o BN AR o Ihe Heceerid efgrﬁﬁefP_%ﬂﬁnﬁwéaaples was
abo@twice 1RE Afaxih 85rc@ Pl A atdny tRIBINEagies. @ di stance
of 2.5 mmat different tenperatures. Gadually, the

gr i"ﬂféﬁé %e%g%rfiﬁ&m( ﬁ{ffegentcgss&zﬁ{ch\fﬁ{}@irﬂo%ﬂpﬁnﬁicgﬁ(ﬁ{s for the healing of
t oget her, ow ng the staple to close.

fractured bones. Despite existing opinion, currently used SIM staples with A; > body

temperature apply practically no compression on the fracture line since their force is very

quickly reduced. However, the compression force of SRM staples is maintained almost

throughout their entire closing distance. These results show that only SRM staples can

assure long-term compression osteosynthesis

Referring now to Figure 9, there is seen a graphical representation of comparative

loading/unloading versus extension when applied to two staples (A; =20°C < body
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A load of up to 60 N was needed to open the staple

using SEVI properties at a tenperature of 240C (curve
w@&)os/oil'hmterrperature was i ncreased to body tepPERI2005020492

(37C) (69) and the "recovered" |load, the result of the

tempekAn%). CORBRLT @t Jtéses &hgioyéu fHesSEm btf&-,t baSedSBPBRM Rvhile the second
curve 62. This is the SE effect. By conparison, the

stapleaiged tecPE effest based @ncYM. The SEmiect ih éffgcttyslyethggarﬂ@assm shown in
r

rie BN b} SEr A CPRcteg, SROF s AR AU XEE L g e .

staples were xﬁﬁ:)med\/hem fonex testep andtgmudnabiy ppesdhteda Afstance of 2.5 mm at

stress-retain t nS|te SR s formed and
differ gt ArmRATaESSt fogvel. Hecaiopt @S%éﬁaéww&e Ricpght gigser together,
auo\;,ﬁ@riﬁggﬁﬁ[@tdgesé)f SRMto austenite (curve 68). This is
SEP effect. Recovery curves 62 and 68 for SIM and
SRM fied! 6eap rtssaﬁfaf waglaee@er 1o/ Bfoh BleMthiE -us MSHE properties at a
t he respective applied rves 60 and
tempebrdtier efi24°Gi (crve 169) | H:fdtempqmmre ovats onatesfsed m Sbcm wmpnglture (37°C)

(69 3iorevpial el FERFual e dSomefibi 5P SHARb e s shown

in cdroé 62 MhissehOSE effdéti nst ead of SIMin devices, such as
bone staples, clips and stents and other simlar

deyyC@patibor, %eaileé@ir&i I%QJ td (!e%'ﬂﬁ 5}% @&Qﬁ@stﬁﬂ@hsnﬂgw properties
| ar ger part of the applied | oad recovered

at O°S}'\wasalaqy,t 26 N (&noiteHeh). Hdavtampag@tre wgs incegastid| tp body temperature (37°C)

(cu%eeﬁgsJ abl Zleftrﬁlglr];] L Euée agsroaehed f” %%s-re aél%alcf}le ggegr?snte (SRM) was

fonﬂeﬁ%ﬂr@taﬂle&nprﬂo337°ShE6ﬁ Fe@6WRIN bEtirred SEthUINE Mtan¥¥BARation of SRM to
ing the device to the body site. Body tissue can

aust%&éweé& tTihés 1§ tigoeER effegt-ni ng” "i nstrunent”. To

summari ze, the SEP effect nust occur with an SMA in at
| eReroverp armvien 62 raadtGSnfor S anda¥RM dgvides respectiisiyoevetveey similar.

How %kltl?,gr e'EEPl ?‘Sé}leﬁ A}ppdss Se%) a@??ﬂd\?\l 'ags Cchtffé%np q'ltﬁmqﬁe ﬁ)%d required

era

to d&ﬁ)ﬁﬂ SIM S&h& b&a&@ Srdifhies gfeatéemaﬁahdme@xmhoy ddform SRM. This feature
Gener al | y, SEP shape

oratj on does requir
Tepresents - upStARig! .aﬁgaqtas%m%s asoot S sired RhSIMER dfres such as bone
stapLeL] RN tst}%ﬂtsciﬁ'édl c)fhér%ﬁ{ﬁér &510%@ Qt 1|§ &R QY %ﬁx ttf‘thlﬁfre that a much

eat I ng, ape I's restored by renmoval, typicall
largdruparhof the @pplkat idag, 1satreqos'me{hémﬁxl SRthtaple&nAnotﬁheadSEﬁtage not

ffect enabl bst.anti al lete covery. of th ..
reacly EEEnERBl SpmafPeSHENE: 1 Pl PR RSP GGt fnd Other similar
devie QSR Yo St eqBftYa §pestltsiape T&ﬁnﬁ%ﬁnﬁﬁﬁtﬁa@ﬁ when Qﬂigﬂﬂqhg the device
allows for the recovery of nore of the applied | oad

to thethepdy site Bsdydissuecqanhigiused astibe shaperetainigs gstimgnt’ oad
for the forner is significantlyless than the latter. _
Addiot suomedrizg, the lEPSHFecbfigtgicowrawitiodn 8Mdm atfi¢asta paftialmartensitic

nmedi.cal vic svvi .ho gL usin trainin
sty et BIRG PALHEE ened® BORIA g B ke o B offect
Typic@BY, Aii§1bdt %ermamy t‘éﬂh@éﬁn@@iwaéﬁ agsmme@inegrcaaaewce is employed.
practical inportance.
Generally, SEP shape restoration does not require external heating in SRM-based medical
devices since the body typically serves as the heat source. After heating, shape is restored by
load removal, typically, but not necessarily, at isothermal conditions. The SEP effect enables
substantially complete recovery of the device's original shape, thus providing long-term
compression on body tissues. The SEP effect generally allows for the recovery of more of the

applied load than the SE effect while the initial deforming load for the former is significantly
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Use of SRMin Medical Devices There foll ows bel ow
exanpl es of nedical devices which are preferably

wo coonmdiizat | east partially, of a shape nenorypel/I@ygos/000492
(SMA). The SMA uses the SEP effect based on SRM

less thapl @l lateratAdanibnally; Whe ISEPUEfct bayveRen belsfibyted in medical devices
tenperature shoul d be viewed only as an exenpl ary

withpnpng sercial AiedTaiNBe | deviset BRAYCERYs duel ds | honF mw be used as the
f Fi 10
restraidf ﬁ?ﬁgéﬂ%@% E&%ﬁtag nflrk: Bﬁ%‘ﬁ?“% thcQﬂniS; SWal®. F1 9- in

accor t he present
invention, there is seen a surgical clip, generally
Use odiSRMhioeMedioal Deviessrat ed i n an open confi gurati on.
Clip 110 is typically wire-like, forned at |east
pafThérg foflows delywe exangley ofiinledical dﬂdcdsswhibh arc prdferdbly formed, at

last e Bt epe FiEppry shoy (AMARG IF SOF echvbe SR Efect based on SRM,
typldaﬁ? edt e5Yd§ Htetnblratite. HbRev&adbdpfterh@Rbrel dbudN®e IWMidwed only as an

ines a conplete circle fromits end to a point
exempiyrtemperdtuiedahawldynos bopepsideesddiiting Thus, coi |l 110
defines two corrpl ete circles fromend 116 of | oop 112

sl".%,?afmmlsi%g 'Ts (?ﬁg 114. Wile the various enmbodinents

present i nvent| on are illustrated

d f| nin an sha recl ate
oo REFRANL Ry e 5T 18 30GR R e b tpRBUBRR F R EnEiesk fvention,
therdT&YSCeﬁhI Qirgiahll Mqi )gen&@lfly Peferaiided Cl10s dthsgaedth rahcop‘éh a:ldﬁﬁguratmn
as for exa an el lipse. Surgical clips forned

Clippd) lﬁgymﬂbw WESﬂ‘IkPg o med ghdeast, B €6 2 fiaRcemsmogy aligy, ynd is of a
cmlea%mgﬁﬂaas@so asn qsaga@l@ ﬁﬁomobﬁ lteh& Re§3n Mqﬁ, gavl%respecnve

positron and e entire
endsmeferéreed dﬂﬁmdd dﬂ SaEaﬂuagfelomm‘rblﬂyarmil lldydeﬁnbs roapda@atirak from its

at at ast i nt.ernedj a n generall
end fo, o sefiPepiss db anidyay s ahf goike st if AT ttngs foo,complee
circléd fro e@lﬂ&ﬂ’b%ﬂd&@ 1$B% Eiﬁi"ﬂ%ldllloo Wan the clip is
nmount ed on an applicator devi ce and cooled to or bel ow

a RinaRehe vaHo&dethbdfinedtSs P EIiF 1 Y6 Bf the r&eﬁﬂ&vgxﬂtﬁi?lsgxg iIMRtrated as

to a plastic martensitic sta}iil oopsIi 112 an
deﬁtbeg mrwialr stpacs, ibyil be aaptpbuatcdthyr peasons ekitled nn Ft:lnagart it the present

: f heat d to ove a nd t enper,at ur e, ifh IS

invep(i ey oL BRENEDh SRIRE dnbaToRp EomER P o for exdmple, an

ellips&S BafeRIAC EclipRr €nmicd BB asthdy c&m?uwmhs Catt Ofised0 whlrd Qurgically
keep I oops 112 and 114 in a spaced-

apar
apprepiidte.gn Regardance Wil the prgan élée,smélﬁén ﬁ@ﬁ@mr fartosy
transforns to a nmetastable stressretained nmartensitic
st AYlale m@ntlrslth 118 gayderfempdeaf afs'h@pn mhmoamdlowatsmssennal that at
acent uxt S
teast? B BRI il BefHun Rregat 208 kiRt 170li% BBRFOr a shape
menﬁiﬂ?&tl@ﬁﬂ&p&ytdgeiﬁmebét@ﬁﬂr When thesdipeis Ghounfd ahaa Pﬂﬂicator device

rovide a resistance force to aconpreSS|ve orce

and gqeled é@l 05 belay gspradtergyinedy fivst gsmperaiureh alie 1he Misngfoms &y a plastic
martgﬂsdlggtg{enﬁgﬂ)&tﬁZ and 114 may be moved apart by the applicator as seen in Fig. 10.

When heated to or above a second temperature, which is typically below body temperature,
and while a resistance force is applied by the applicator so as to keep loops 112 and 114 in a
spaced-apart configuration, the stressed shape memory alloy transforms to a metastable stress-
retained martensitic state. When clip 110 is removed from the applicator and applied to
adjacent walls of a pair of juxtaposed hollow organ portions (not shown), so as to cause

anastomosis therebetween, the tissue of the adjacent walls provide a resistance force to a
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portion 122. Consequently the stressed shape nenory
alloy transforns fromits stressretained martensitic
WGe@b®1t1e7 i ts austenitic state. The shape of tPer/ml20¢5/000492
is restored thereby providing for conpressive
comﬁﬂéé’sﬂ'é)fﬂi’&d Exertell oRrle6ys 11Q dndr taesy e Rhipel méhenpdRysdfristermediate
applied to the tissue walls at the point of contact
portight K22 | Censequently rbe stigassd shapg é‘PF“@ﬁrYt Hloywiransigrgispirag its stress-
retall;lg'cia n?ariegﬂ{]@%ta?‘%t 5! £rentRt atk NTHE SBeSSCHEONR is?eSBred thereby
erring now to cross-sectional views
providnig for cEin@resﬂlge amdsmnmsmr e seen cross-sectional views
of alternative profiles taken along |line 1-1 of
suLgiotdkr t6! fuphdrlébntrohelice piessuse appliedg@ntheatidsyie ialle Wt ahe point of
cross-sectional profile referenced 126, having pl anar

contagtryisle 6ip l &¢.cthe 5Easersaenia the oy ten@pBing the CbP Mavgbe tigd, both in

.cros@Hc‘ﬁ'bHQtdr‘%/ ezbnr%gfpgﬁ R‘éfeﬁfmé v @r%?s%ech&%’a@ RidwRNi-1 &0 Fig. 10, there

tic referenced 130, and an
are sekh cpiss-secltlonglpeevm @ifaltemaitleé ercé'ﬂcsetdkemzﬂong hnfabdmfdargml clip 110.

b wth a eferrﬁd errb%r ment of t ven %I % )
Therg, sy F"r?&l HPPEAAERT P BR éi’ Ee‘e e&?“c‘é‘b L%?r gvine planar
surf&ces Fefbleh®d BBofh&rtheRaladcBrdfPlol :ﬁladMerrﬁnG@ ellﬂﬁ&ﬁhﬁ:ﬁt &4She present
Application No. 10/158,673, entitled "Surgical Cip
invenjipn, jap gllipticleprpgle’ refefqnp@hlqoaymggl elbipacal-typgipeefilp geferenced 132.
itself a continuation-in-part application of US
Apam mcmrdame Noth egrefozed ewbodiment péthe iBuenfionasuigblgsurgical clips
o o PR R Bl 62 e apupry onppine Us
Appﬁf:ﬂltml NE. F/PIR673, ehieattSuWitd) (Ilfpf Rp;ﬂftﬁfbrﬂ]kviﬁegsﬁledl/,[ay 30, 2002,

2 and 13, in accordance W th another embodi
Whl(t}hbﬂ iffelfopqntinHYaRCnoprt anpliFdiansolsl ﬁ\ppll?atmpd‘lo 10915%518 entitled

“ Su%g:%f : gH? zgiﬁdrﬂuﬂg 1920806 taﬂ#)t){ faf)@E] &liGhckd 1&6&0{2}’1%%/ ﬁé\;}mﬁl?lzy reference.

rom a leng ape nenory
142 as a closed generally circular shaped ring, having
Anzstopsisatingpord ogimpingrsappedt elenent predeternined wire
t hi ckness and overl appi ng end portions referenced 146
andVit Seference-iogFigd 11, 1 hend 13 sinalcsardgree with another embodiment of the

cross-secti onal V|em10f overl ap end ortion
presgi AR (et SHE IS Fifny 4 GRANOmERS g SHGaTy fElerenced 140,

whidt-is! donfiRrdl BbmERderRR bF Qﬂaﬁ)elrﬂ@rnaﬂdali(@wﬁéslﬁ dsl éitclosed generally

contact surface referenced 150 forned’t hereon so as
circplaovhagped aing, avirgra comurgkopsnutg] rgfq:aﬁtncpd 44, |agpredetermined w1re thlckness

overl a ortlon 146 as wire 142. In order
andtogeré ?‘f% n%t loﬁlrség 1eneed ﬁ{%ﬁ?éﬁglgssue wal |s at the
of. _contact with anastonpsis.rin

e JB i da R RAsq Seem e RS PRy PY G0 To1BPRig ep portions 146 and

148\GHan&Fombdls ﬁﬁgqada@memrogg it €1 N2t Exh TR PorRIab 40hind 148 has
the present invention hi Frgure 11 there are further

a fly@entact pkice Eftf@mmeél 150|femed thme@m maa%wrmﬁwrifs gistridag cross-sectional
proﬁ)é a?gverﬁapgﬂllg)f)onlons Ghd' %é aswire 142.

In order to control the pressure on the tissue walls at the point of contact with
anastomosis ring 140, the cross-section of the wire forming ring 140 may be varied, in
accordance with alternative embodiments of the present invention. In Figure 11 there are
further seen cross-sectional views, which are non-limiting examples only, of alternative

profiles taken along line 12-12 of surgical clip 140. There is seen a generally circular cross-
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profiles taken along |ine 12-12 of surgical clip 140.

There is seen a generally circular crosssecti onal
we@embiola2r ef erenced 152. According to an alt er pet/inzeos/000492

enbodi nent of the present invention, there is seen an
sectiohali proifitealrefpreatéd @52.eAedoediagdo lhvtaltdthstivecanbaiiment of the present
. below a first tenperature, the shape nenory all oy of
invention there i ssep ahellipuen! gecdilerederanced dpfe pl astical Iy

mal | eabl e martensitic state, and an elastic austenitic

st dfken coelad e belp™ d fisyt terppsratuge, dccdape msmgealloy of anastomosis
-t . ' : e nsi t.l ¢ st ) . e
ring AP AL & sl DISHAI TR bR B4, o HAKE Susenitc
stateg xyhen dednmedndiqubate arseaindt highéi tegiperahoaeThis stable martensitic state

.ie rature. Once ring. 140 is warned to, or abpve, the
faciiggies U ARATHRIPONS Re 1 fPisiesagndeq an Fﬁﬁ%g? f1 gipagfled;configuration at the
first) Rt libMBelafirE €ondd Aflg 440 KalMhRa BUBS B ahd Yedofd LtBRperature,

_original configuration. However, inposing a resisting
withpuat the irhpasiticn bf) aaresistengs faos eringe dHd retums smibstantradlyi ot the original
con luireRi }140 reverting to its original configuration and
ETE y to cause ring 140 to exert a conpressive force
cog&ter to the resist. n? force, Ii)he shape nenory alloy . .
as SIOMEYeT, ITHROARG AFTSLULE JUSE thertia PR AdoSHIRRcs aFansso as to Tesist clip
140 Sfe@drfing S©® A8 SrdgiRdlPtonfBuRtidd CART M 8 IQAGS Mgl P4C Qo exert a
to the resistance neans. Referring nowto Figs. 12 and
comprgssiy dpecej sowdernto (the gesistinge fgree, gthgeshape cmemeryapion assumes a
metast fé&?e%&'r&%%d HaFbhBlic §aRs LPRPR H Q%retql%{}%ﬂlleld%tressing force to
referenced I'n crinpling’ engage a crrnming
the resipppect medmsnent ref erenced generally 160, in
accordance wi th an enbodi nent of the present
| NREFdrtifg nowhe FidsOBBarREL, ili@ls seérs espeivelyDa pérgpdcvd énd a cross-
is taken along line 15-15 in Fig. 12. The Fiqgure al so )
sectigRghigey rf apastemepis alme geperaln refgrenced @oinpringnpg gngagement with a

_ . AR el .
crimBle BPort femet TR RRa3IRBRNY 180 SHTRGHorchfie W6 ol fbofiment of he
presemdfinvantion dl Hb&Gotshectidrial oicghseep iroRigne! 13ain thkah atonlg l@med 5-15 in Fig.

ugs. referenced .166 and 168 .respecti vel An ) ..
12, %@%FFD@F% &}qwgmt_ﬁﬁlspg)t%@g&n alils } Qzgan portion 163. Crimping
suppofTRRIRNHI B0 BRI bodNort &IRAAALMBn WREER A MBS NARCan opening
menory alloy transforns fromits austenitic to its

y . ;
referengadel$pt therefhrough, Rraxdgmala@nd sdigiabidangd dagsorefergneed 46 and 168
i i .SQ. as fit onto a _cool
resnf BRENL TR ot NG 2 bof B sEBRR Neprmmye, betow boay
tempngtuie) whsye Wl siapd micmo@y aliddOitensforfie Coa ifs &ApRhidc Ub Ets martensitic
anastonpsis ring. 140 attenpts to revert to its o
stateo Rigg h4) iceasily daloampd i aminsertabla sire, sgfasttp it pRIoN3 pepled restraining
' he, ri.ng' a ' i ned e
mealf 6255 SRR (RSB BEELARARE 0 th o o s
temsiratesss anast@anosidring 1 4@ asémpts te tever to Whengimahgonfpration. As a result
berated froma, restrainjng nmeans (not s

Jéi HP it )
of the, JYarEing, PRcatFe PR the diness, TeRs it resbrtisds eﬁ@faaemmory alloy is
trand¥Bithéd 18 its stress-retained martensitic state. When ring 140 is liberated from a

restraining means (not shown) it applies a predetermined stressing force to adjacent walls 162
of organ portion 163 and crimping support element 160 as the alloy attempts to revert to its

austenitic state, thereby causing anastomosis between adjacent walls 162.
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of organ portion 163 and crinping support el enent 160
as the alloy attenpts to revert to its austenitic
wGr@bel11ther eby causi ng anast onbsi s bet ween adP@HIZD05/000492

wal | s 162. Bone Staples Cinical experience illustrates
Bont Khpidie use of bone staples constructed of a shape

menory all oy provides definite advantages in the

SUIgj.€ ' t : rded il

e saBEHR ote Fhustiale P ARERT RS Brcucti of a shape
memsty gdloy . piovies hdefinitg Slviehtagop én tthessukgivad tepem pf dirokiesdl bones,

far th lication. Ha . Ahey have the foll owi
partigeny ahianelhbones g Mg B Lan ool AT shivapove

bo tenperatuyre, the alloy exhibits SME. behavi or

(P R 1My Bonsilies dnte U See R o8 57 (iSRG Rl Hgvwerver, they
havetRE fSIRVibd frobledise. Brief heating will be required to

transformthe alloy to a netastable martensitic phase,

1. anfk QB $ACRIS merﬁlseraafém{ agﬁ@ Y "tempériird Bha $i18p le®hibits SME
martensite returns to a stable martensite state.
behabimng¥Fegs, 3hhendaBBYandcedevicd nayobe theplentaplietae nmkteqsitic state. Brief

restoration. a he .conpressi on force.is very .jmuc
neaipE oRE oG 1o BLERL e aliok &t At RetE gty i phase, and on re-
cooling e CiEslly SteIpErafiR 6,088 mifetastabld inaktBsi®l reRYnN@Sa 3fabRS martensite state.
t enperature bel ow body tenperature, the alloy exhibits )
Howsrer( gievilloy daes nhe prodde capwirie shape s¢stenatian pidethe compression
staple is bst.ant i akl v great ef f pLi
forc%ylstﬁeerysfné%ﬁelsetdgcéd'b%ﬁér % ?’a?% lﬁ{rlsé"h%%gngb{a ﬁee’ %{02*%1 ggsledﬁged shape
reco®digpe is restored. This was discussed in conjunction
with Fig. 9 above. 3. Wien the alloy is in an
2. aust eqd hilsy hhahe AdcmEPaGiuvad beRGL boUVEtmpeatir@d tiek fltbyt €xhibits SE
def orm bone staples and to nechanically conserve the
(SIMdepod rthel ferpgpecedsddh dafoinh gt benretterlgeiseivhpiaptiply \gsepter than the
| ' f r gi, ogs .t : .
fore ARYIIbT B TR 15 s e AR ARyl Bapp iy oggored. This
was idéscutsddi inenjurnveioa witls By rdbages are substantially
overcone. Firstly, SRMutilization provides al nost
3. fulWh&hage allegtier it afnaustenithe spitgsenpecial idstaMidmANgNtequired to
conpression force referenced 58 in Fi 8. Secondly,

deforme boae cetaples eaithrty meehasieatly _a%nS@r‘fﬁagh% iflefprmeds shapee Such an
inst%ﬁlt%&@@gﬁy@&?e@ﬂ?EJSXQnBQﬂ&%ﬂ of t‘i’i’é%t‘a&?&al l'er than

S 1n an austenitic state, as di scussed
abgve i conj unct i ' Fi . erl | .
7y G ori el 10 oy e ARMTRNGY iz, thee
disa@¥antdpes precsubBtantiAediicicdmme. Fiisthye SRMeutkaition @spaddsi ahabyt full shape

the cl.osed, open and inserted . L
restoration in the presence of a permanent compression force referenced 58 in Fig. 8.

Secondly, the force necessary for shape deformation of a staple in a stable martensitic
phase is much smaller than when the alloy is in an austenitic state, as discussed above

in conjunction with Fig. 9.

Referring now to Figs. 14, 15 and 16, in accordance with an embodiment of the
present invention, there are seen respectively the closed, open and inserted
configurations of a bone staple. In Fig. 14, bone staple, referenced 200, is shown in its
closed configuration. After cooling, the SMA is transformed into a stable martensitic
state, and the staple is relatively easily deformed to the open configuration referenced

202 shown in Figure 15. After implantation in a fractured bone 204 as in Figure 16,
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configurations of a bone staple. In Fig. 14, bone
staple, referenced 200, is shown in its cl osed
w@oenbiogueati on. After cooling, the SMA is transdDIIEeEs/ 000492
into a stable martensitic state, and the staple is
staplesl M6,Vzﬁkhb\.\%ﬂ3mdtﬂraqjl§f Wargs 1P bbbl t afR8f tedHiAtih AN martensitic
ref erenced 202 shown in Figure 15. After inplantation
statg.nHgwev gt theealloprie podongeri i @i gable merispsift statgobut has been
tran?i*o‘fxlplgﬂ gﬂlt@az{ !ﬁ[r@gg—}’etmgﬁ'ﬁﬁ%}t&s@@dy&aﬁe ”Aof rtﬁé Ye&istahE W Mbone 204
In a martensitic state. wever, e alloy 11s no
preveatsyshiapenreatosatadl, estayded 206 iattempt ad ecvdrtito hlasr bksed configuration
tranaﬁgrned into. a,stress-retained nartensite state

200,yproyiding a predeterpined sirgssing forsa tohe JeaRiuee sifeAfl8 as the alloy attempts to

reveft88 iRhadtbSic s@dfeapl €s 206 attenpt to revert to their
cl osed configuration 200, providing a predeterm ned

st Fr@éwz}hggofogr&ﬁ%&eesg 5% Fab @ trSoidatifn 4885 8 %}%w%' Ww&¥s. In order
at t enpt torevert to Its austenitic state. e
to redieysitid oginpeeksipn ooebs botie fctoteusite 208nsanbéddby itlenSRMK tate of bone

t st _two weeks. ord to reliev he . .
stapfBy Ao ok FRTUIEEHE Yot Fol e Blap€ Sotpcfiugllg 75 There is a
percEfteonSHRit shdpertidn 16?51 EefereARIdER 02816staled 2OP Bt fratstdrRRd @6 a closed

bone cells takes place at fracture site 208. There is
confrgusatiane 200 ohy tapRarcaly ‘setingdnthraugh thef beran 4. Dwring the shape
@t i gur at.i
restafBh 7 SP1ed 2Bp, WL TaRGh, B SR HE ARt SRSl an wimost
condbemti strpst betlehfagpeuressteor at i on of stapl es 206, the
transformati on of SRMto austenite provi des an al nost
BoneOAfithei Stress at the fracture site. Bone Anchor
Referring now to Figs.” 17A and 17B, in accordance with
an Regiefle ARQEIFIEN T 7 Rfand NPBPMaRESHadRWAM APRddel Rébodiment of the
mechani smfor utilizing a bone anchor generally
presertf @venitasg the mechanisip Jommtilizing ya bonei anghor genenalty referenced 220 is

subs{ia%?i%%%?ﬁnﬁga? iE% i gg\nl%tqﬁﬁ%?g)g .%Orlez’ a@%‘? gsln %%@gselaﬁx%%urg agobv%\{g conjunction

withpFigslagélatle(fjldfll@lr Ilt:I prephriatigh Eﬁrleca‘aiﬁg ibone Zr?drI:lQr a261ad Bol€ MRYt shown) is
.shown) i s illed into a bone. Bone anchor 220 is

dﬂ“ﬁ‘r e gd1oag: 8enq Highot i?é) §wai5@°ﬂe<ﬁaq {habfhespaps mgmopoilloy of anchor

arm@fISreh &SRS %qnﬁgﬁnédsi_n&{j ﬁ@§5@g mef&%}g@ st'%f7e:°’A§ b Rhlfed iél Fig. 17A,

martensitic state. As indicated in . A arms 22
arm$ 226 angfdsforogd againstst fasteficrdbody esferonebd 228f Thareafted bag8Banchor 220 is

~ .Thereaf t,er ne anchor 220 i,.s positianed i he hal e
posip T W03 eB. 0T RaPrieE SR FREog 230 g dipdy temperature,
caustiReds220 & dTRYEbiG/ardis e skéfintif Fiefl78Cigatat Witqﬁeras%rface of the

e

shown in Fig. 17B against the inner surface of _
holepwihich pEpYides presistiag foree therstos isragresud efavarmings the allty of arms 226 is

T L BT e T e p———

austenite] dresétyetoaatengpichort 220t thdiesdnokiored iit® tieUsineNUkieg SRM allows ease
e anchor 220 . to be anchored into the

t hereby ta cau
of dsg“@_atu{% i“ﬂﬁ’ogh e hged e gesraining arms 226 in a closed position but using a

special restraining placement device in some cases may be useful.
Expandable Bone Fastener

Referring now to Figs. 18-20 there are seen, in accordance with an added embodiment
of the present invention, schematic views of a expandable bone fastener generally referenced
250 having a generally cylindrical body referenced 252 and at least one pair of fastening

projections referenced 254 formed from a shape memory alloy. In Figures 18-20, fastener 250
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of deformation without the need for restraining arns
226 in a closed position but using a speci al
WO g®b08iled ng pl acenent device in some cases MERCTHH.2005/000492
useful . Expandabl e Bone Fastener Referring nowto
is sHowdiSas HaSimOrwloN®iie oflpojs@iis 254 WEROmiaastenitidst@s, projections 254
added enbodi nent of the present invention, schematic
remaip &nan epencoagiguigtionpeingisaied imEigursel8gahéPal | y
ref erenced 250 having a generally cylindrical body
r eflée emedunizbp fomytihzing eabone fastonar 250 fis fsabstantially similar to that
rojections refer ed 254 .fQ d fr .sha Ly
reauefsf oo ani Gy B8 SBEBG Y oAb m BB GURRR B 1415 and 16
In obdry itd GodavObqi fastedr 2300k hiolel WG adhdmet¥ihtol Rcilitat@nsertion, is drilled
. austenitic state, projections 254 remain in an open
into cthaf baRGr @10t FHOWB). | ]gféﬂfc@t uiertignfastenes 238 15 r9oked, sorge to cause a

tranSFBRBA RSP tF?&h%{eir{]h{erﬂi)@galﬁ%lEgtﬁquﬁf‘ﬁfaﬂeﬁgit'@?r}gggs%ethat projections 254

substanti a ar ‘to required fo
are slhstivhiby defasnahle Axindidated ireFig. 20 @vajeétions @64t arecdrawn tagether so as to

Fi . .14, ..15 and. 16. l.n order to,l ocate b f ast ene .
forms g §bssanfia)ig Ryica somiRuRbT beerulyTERI el P whpy it Bltoy is in it
marfefisiflE istaké BdndtMstédte 230N€ tHelPosHBAY In therdred tHdle in the bone. Body

insertion, fastener 250 is cooled so as to cause a

heatt wames Bstenen 830 &7 bedie teamepuraepaysipgairpisgtians 254 ¢l flgflect outwards
.nartensiti h .0] i:

s TR BB E Bl oI 5540808 BRL 8, th shape ey
alloprod] peojettivis 25U isatherdbyavansfomped hieto 80 SRM tsaatd, adsmha stress-retained
substantially cylindrical configuration generally i
marieapifs atierapfs ABeTARTENTY HILO ApsteRte: Proifctions Zdr felfrst oppvards causing

fastSHeRD 50 toARBsbASE ifRAhe B5fL.1 S then positioned in the
drilled hole in the bone. Body heat warns fastener 250
t

0 %Sm%ﬁ ¢isEof &Mzﬂﬁn RYifloGthk %Péd Fo?%?sttﬁ%g projections 254

def out wards agal nst the inner surtace o
in alvbdsed ppsitivn dnd gvithonethie sieed fprfacspedalt pleceniont ddtiee. dihdgpentrasts with

nmeno oy O rojectioons 254 is thereby transforned
the {1kt 2o STkt bor B BolgE SefBr O g e B AT PRt CURIGER o be forced

into?f RS0 SladtR {dnBRafaBbMpriot B AHdekiRih€ hat¥ &) BEGhBRSd 48iflg a special
defl ect outwards causing fastener 250 to be fastened

placement devécebone. Usi ng SRM al | ows ease of deformation

W t hout the need for fastening projections 254 in a
Stestsosed position and without the need for a speci al

pl acenent device. This contrasts with the use of an

S| M abtidangioplastyb ame seatih®rare \altematitdsetoanaiperyi fog the treatment of

projections._peed to he forced into a.closed. elastic.
athex QST ity %{?tﬁﬂarﬁﬁqe&mm@%@m QHicthirial e pipepmpatibility and shape

recdvBB[Ijt§ 8f $RpB thet ot 81Fd 3 m Ak BB uI 46V thfsSprocdd il S
Carotid angioplasty and stenting are alternatives to

sur r . Qt | [ Qt.1 g 1
UGN, 5ROy SO i s
Thelsetforxppating steht (¢or od nsdshpdiameter is preset to be somewhat larger than that of
the target vessel. The opened stent is crimped or straightened, leading to a phase
transformation to stress-induced martensite, restrained in a delivery system such as a catheter

and then elastically released into the target vessel.

The main difficulties arising from using a SIM alloy stent are restraining the deformed
stent in its metastable martensitic phase, and preventing it from regaining a preset shape prior

to final insertion into a restraining means such as a catheter.
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recoverability of shape nmenory alloys make them useful
for this procedure. Comonly, superelastic

w@ pmendaet astic) behavior is used for self-expe@minegos/000492
stents. The self-expanding stent (coil or mesh)
di-#fmat SRM slepicasBtustd) the pﬁdpﬁﬁ%ﬂbnbﬁfogmﬁeﬁlbﬁﬁb ¢RHYy abdomplished.
t he target vessel. The opened stent is crinp 0

r
Refegringnop e Figd 21118 26798R1C8 VathArecmbodimgnd Psmar?s&nt inyention, there is
St ¢dip bRRAIL { :
sen SR IHEY TR0 15 0 A B A5 et
232 meltheashape ofindeticad codr Geil steps 8380 is JMWl znrecdluéefd euliptiagge, below

arising fro s' aSDVI al | strainin
bods rheidtyte etk Aadindly by 3 @il St an hiiknitic o0 o
martBh6e stadd) Stpite Y30 td Bakillyt ddfo@iadr @g&i nxis@ﬁalﬂe RiRS&id §ltftﬁ‘>eegenerally
prior_ to final insertion into a restraining neans such

refersgced 234 sreasdp fit fntg g caplpdl delivpenepnlisatosergathefes referenced 236.
Egaratlon prior to insertion is easily acconplished.
Hr23gretams it ierable sizei andasheps d3h eatheit teqaming any restrammg

e
Ly TR v L N—

impcsrhmp evher sihy lég swntwm dliely erasfonts 6@ itsnstitie mahamsiddtate to its
lical cqil, Coil stent 230.s cooled to a reduced
metaﬁ syreangbmatesiinstate ihendieaied to dhambicAklegpgisaure and in the
pres@REDSLY a GbdtR¥nin® chhefds! i CB{ TR0 BHRD! & Vebdef it AcPdmplished by
martensitic state. Stent 0O 1s easil ydeformséto arr
pushings eoilabtent fiome cathdtes h2ise @qxaamah logcursf mueediatdly?2 84 ,a peeset size
refer gy gy lephPfisaitatd e iR PRt e adeverss to its austeniic
statel Nnsertabl e size and shape 234 wi thout requiring any
restraining instrunents. It is easily inserted while
VessQQtildept 0 cool ed catheter 236. This aspect is
especially inportant when using long stents. The all oy
tr ﬁ@%?ﬁo&/rfgr@lgg 55PhS MBll £8SEdn Gn %E(Q)'i&n‘i:g w1{hsan additional
met ast abf e stresS-retai ned martensitic state,
embodiateat of thegmesgnbingetidne sghenmatio véevasnaf d vessdidilier gs:&mﬂly referenced
of. a restraini C eter Sub insertion into a
260 Gigie SRR QBRI G PRSELR D PFIE CEIEd 0 ah 1eas parialy

mart@ﬁ’dil"@fsﬁfe 23fReraliX RBOR! PC, ieH 260 iSIBRHALELY ab Y DePh&SBble into a
size referenced 238 as stent 230 is rel eased from

catheter tefarenced 262 gavippérbwith Iacrylslm\devms retfcrenctesl 264 s Wehilie tin catheter 262,
ﬁlterf%(% & wax%rc'eﬁelThlélrleétggtlv%etfogc c%the e 2%% pge nt[s fﬁ%&?@éj from reverting

are seen, 1 n accor

to are mtxdeHitie statepfand h@n@sﬁaeﬁdiﬂglylt&\ﬂ@ nidgﬁﬁl sifepBETRE 5t6bl¥ infiMensite of the
of a vessel fllter general ly referenced 260 prior to

alloyypgergaes frapsfarapationde aisfrasseed rﬁtwe%@éttwgw;&SRMl date fegthgier 262 is
mtroQQEHdeﬁilt& Q ;ﬁ‘@sé&ctécﬁgﬂbg%gsﬁ fl %’%n 2§@ g trﬁ&\nr? Blidher 264 forward

general | y "about efo A5 L6 ’
filtero260i in spectedtftam cathaen2@antodilesd v&sﬁcé Qéﬁdépbn%ﬁnlemhg; PSR M state
of th\%époyaofo Hﬁgreféodtergrlls oermrset];elgsegucs?emtlc state:\/¥}xl'1r|nzelryI E63Cgrtx segcgrrxdary 265
elements expand to their original shape and lodge in blood vessel 266. Primary 263 and
secondary 265 elements form primary and secondary supporting webs referenced 267 and 268
respectively. Any blood clots borne in the blood stream impinge against supporting webs 267

and 268 and are fragmented thereby.
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filter 260 is warned. The restrictive force of

catheter 262 prevents filter 260 fromreverting to an
w@a®beniiti c state, and correspondingly to its PCT/i20ed/000492

shape. The stable martensite of the alloy undergoes
Inttaetesine Davices (IBGD stressed retained martensitic

(SRM state. Catheter 262 is introduced into a

pr exmicatsre df ISR do IEERE]s gedbrllg RaRTlar2@6thaByisBRYéd Bereinabove in

usher 264 forward, filter 260 Is ejected from

relation focessel siiorsias showsm Buisy @2<ef 2366, Upon[q] unl oadi ng,

the SRMstate of the alloy of filter 260 transforns to
Clamp; austenitic state. Prinary 263 and secondary 265

el ements expand to their original shape and | odge in

bl d@dlcw;téstme wigea firthereanybodéBerd rod tb@p@ﬁdﬂﬁm@ﬁﬁn reference is now

| .ement S, ri ndar port i ng webs
mad% PetErict én?z% PmiSZéé g %Se 8‘?%8? i )PeBsTpS‘c‘)%' cligwg of a clamp
geneb@lﬂ)ﬂ eeferenédde2 70l iacm spch @atin aRldige c&@ﬁ@u&’éﬂons HRP&VEIROPrior to use,
wehs 267 and 268 and are fragnented

- connecHPRPPTiion FeAtreRterne 4DEsaokd 1o eDjo g itkashans mpmemwlloy from

whlélp cld 2'79 19%%@.}(:'@6 & Hah@bmi o té']?%aft% ?r?elrf%ﬁﬁg% State., Clamp jaws

her ei nabove in relation to vessel ters as s
refeﬁng@i 2’222a1arrdo@?ﬁ ap@'talmi rétamahlsoieﬂﬁmeé shapehasandidated e F1g 24. After
odi ne res i nvention, reference i s no

engq,gér&)at 5 gver 2'14t133ﬁea P9 mnr_qrdg)mozlﬁ (gﬁtoshggl HRpecting pomon 274 is

wanhed 8F&odg hE@tr@ﬂﬁﬁg 't%eallﬂqufbegﬁl t8 r@Je?tnﬂB zﬂ%@feﬂitllc%tate As the shape
referenced 270 in an opén and in a closed

beging 4 reyigrtatoi tha clased s@tﬂngéxoy shpwnop g 29s gawscithengagnthe selected
tlss&%gfeg&wfe@lfl efl‘raelnﬁx%gen%g %f tl’\?l'aﬁn? slgd %gsu%%e %ggﬁgttr%gu@fcgoon clamp

pe nenor rom
270t spebtfaalsty on mohmeoﬂng|paﬁtidm2mr])hﬁ/ﬁﬁmrtg CorplafeerestbtaBibR of the original

Eere 72 are noved apart and retain this
ﬁl%é%ﬁi?‘iﬁ allov dhe. grgansits ¢ the alloy taf be trapsfgmmpdnipto stress
retaﬂn@ﬂ‘@na@%gsﬁé’ TSRMN) téxﬁis %119%4%7 4 1001 PdnsRIFE ik grg f/l&%%gtf state, clamp 270

shown) , connectl Ng portion I'S war nmed
exerm@,sp(n'glrmhg alampyng d)'orbegpm theo engnged ttistue. akiltansivehi tdanp 270 is

state. As the shape to reve t to,the closed
reste B .t ST SHORACT PTET do 198, bl reMAEYGRE Hesults in SRM
fornflbact ed ti ssue therebetween. The presence of the

i nterposed tissue exerts a resisting force on clanp
Den&zplnﬁﬂﬁﬁifically on connecting portion 274,

preventing conplete restoration of the original fully

cl Q&?&nﬁgm td h:ggs 0% LEB fIBf! %EZ%% 91{ aéc%ﬁ%a%!:é With another

to be transfornedinto stress reta
embp&RMNt cfhdhe \pidsknt ihenSetly schamafiorviews ofam densil eﬁ’n;ﬂm generally

e A DT S BB 5o s e
e e
282 and a plurality of projections referenced 286 formed of a shape memory alloy. When at
body temperature, that is when dental implant 280 is implanted into jawbone 285, projections
286 are in an austenitic state and are configured to project radially outwards from body 282 as
in Fig. 26. Prior to implantation (Fig 26A), dental implant 280 is cooled so as to transform the
alloy of projections 286 to a plastic martensitic state. As shown in Fig. 26A, projections 286
are folded circumferentially. Prior to implantation, projections 286 are inserted into a cooled

holding tool referenced 288 so as to retain the projections in a martensitic state and in their

folded configuration. Dental implant 280 is inserted into a selected jaw-bone 285 cavity in
26
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Dental Inplant Referring nowto Figs. 26A and 26B
there are seen, in accordance with another enbodi nent
w®Roobhe1pr esent i nvention, schematic views of BECTIHRVE000492
i mpl ant generally referenced 280. Fig 26A shows the
Fig. R6Blandtallpwe®to worn tobaittahp&atuyd) The affb @begt@Bo TH@% o tah Qustenitic
inmpl ant after .inplantation into jawbone 285. | npl ant

statepgisl foldqduereisctonsoeRP PoFIE i pegiarteriewsd tpghhe antended projection 286
confRuiiRh J0FiD 26Bt PLAC (IS 286 e e SRPocrht IR elaginent with the
jawbehe 288 eatigy whitvhl apptic28Gesisting rfqﬁicar’irlmchl]olyttmnjsﬁ;mbs) irto 26&ss retained
pr oj.ect.l.ons, 286 .are,.in an .austenitic state d are .
marBc (R Sialy CPRLRS s SeBping e B FEDOPF SR SBUY 598 to remain
pernfiiehtly &gdgeBereR i Or to inplantation (Fig 26A), dental
inplant 280 is cooled so as to transformthe alloy of

Heakf 8i6¢ il&%in%ﬁg Rifgd plastic martensitic state. As
shown in Fig. 26A, projections 286 are fol ded
ci t P | ol i rojectd
AL P16 bt 00 5 O Y S BT o oo
body?@Bansaytifisiat beartetadven Itt ik elapmed that S alloys willnmovida stietbest alternative
. state and, in thejr fal ded .configuration. . Dental o :
for tify Pl s oring Ipslsrviedhs g Perdee i i pibgesionitic state with
the tfa¥foraliitdSIM 68 aidelofdd KEHaove WREdTaddh BAGY. 8, the stress required
tenperature. The alloy begins to revert to an
to steaig @p pbjdct ins arpestemtc sotede geyaral] tiues bigher2Ban wheirithy Gtect is in a

. I . . extended projection. 286
marE e, ARERaly 18, 40T EHS ARG RoRC sy, heated above A
and theh vesldd taislodgin® temperating JBRProtedvic dautdiehd ﬂﬂ‘%’ﬁﬂﬁlggg‘%&he valve
cavjty which applies a resisting force. The alloy
bOdXFOéir\%g%"ﬁ‘?rs into stress retained nartensitic (SR
state and Siﬁ\%l ies a continuing force to the bone 285
callsing an t Yloyedegsnngielequine speojalehrgting dft therwigy Body heat is

V j- i ' ,Sp.en:US 6. 306, 141,.
R YL SRR Rl B oot
withtanotheb entpodiineanofitheiprésentainvérgion] thegd ig @eer 4 séhematiaivigddof a shape
that SIM al | c%‘}/s M%@ pr ovi.deeélhe best alternative for )
memopy Sl FHEEe Mngcedh BiRE SRINSFehopls) 2PfeRigntPd g covered by a fabric
sl RATERSEAAAL© i FELFOL bR SEl 1R v
heart @iotishayrn)t wtiliding a gstaining ot (@wsns)@§3i Rang 299 is toaled teatransform the

obj ect,.in.an austenitic state is several, tinmes higher
alox R Y R DT B el i o, Bt Rl arensic ate so that
hool|rbRFenatd 184 Y sdwiflg HinBR 90 ard @SlokhiNIB €6l a BA&H cInlfiguMa@iby Erhereupon
body, heated above Af and then cooled to its original

retaipi@gsHead 3 6 Plarkd 4n peyitiemioves sewingaingt 399 andraglowed engauged to warm
Ve h i 0 . does

o ot ok G AR 1981 RS THe Bfe 155n cxe

a resstirfg furentgdinst cdosnee bfieinge2Pl), sésubtinghiasthe formation of stress retained

trans tion. Referring nowto Fig. 27, in
martglg:s&tgr(g%n the alloy of ning 298. J

It will be appreciated by persons skilled in the art that the present invention is not

limited by the drawings and description hereinabove presented. Rather, the invention is

defined solely by the claims that follow.
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wi t h anot her enbodi nent of the present invention,

there is seen a schematic view of a shape nenory all oy
waewsngiiei ng 290 havi ng spi nes (hooks) 294. R pgr/A2005/0492

covered by a fabric seal (cuff) referenced 292, to

prevent an infiltration between an artificial heart

val ve and a heart (not shown), utilizing a retaining

ring (means) 293. Ring 290 is cooled to transformthe

alloy fromwhich it is constructed fromits austenitic

to its malleable nartensi giaiMs$te so that hooks

referenced 294 of sewing ring 290 are distortable to

1.  anAqp&Rod &ifiitdidingtd aefornldved @iplRMOTRimIfAthEE aBAPIEH Q)%’&Vb Sselectable
pl aced in positiagn over sewing ri ngi 290 and_ al | owed

first @gbﬁgewduae gmineg cophigisaiags: the agicleeing foee?f’p@rla%swaéﬂy of a shape
memdiy@1IBE Ak YRhIEnHALANE AR StePs bESt I ai ni ng neans and
exerts a resisting force against closure of rlng 290,
resulting in the formation of stress retaine

mar t dngefasmingrphe priclen under | 3 glefgrming n@rezgfromu fhewﬁrsrf Rygdetermined

confi %&Fﬂo@ﬁ@ gecpﬁ/d ﬁ%&é&ﬂﬁneﬁkdoh{;ﬁ?ﬂaﬁdﬁ Wik tﬂé tha g@ ﬂ{en;op}eallé)y 1s, at least
resent invention is not by the draw ngs an

partiadler,smntsmalbtnmmeitln abtovead pt efshicageraRag; her , t he

invention is defined solely by the clains that ‘

foll a LresibifE Qg  Ofhel n d -

artic e%@l%ﬁn ufezflctl 'ef adatgt fe Héfb%%égegrsng eegf %{@@C&m ste 4
restrafiningmeamsgd second predet erm ned configurations, the

article being fornmed at | east partly of a shape nenory

al | oy t [ t .

def or)?mh%gthr?gn(EH?3 a%}??lg I @8‘1‘6%5}9‘%‘ %ﬁpg{arﬁngﬁégfao?%én? 'Th T *ﬁ‘ére in the
presefice off thp resikting rfomqeueremmngfmatdgahe tldnytfmm s cahhkt martensitic state to

its nge{tz?sg%epﬁee;s@egs? re}a Irr%gt;ﬂ?ﬁtx éﬁolns);i i Wgﬂe Stﬁgtgﬁﬂg remamsy in 1its second
confi@bfi®@ahdi c state and at a first tenperature; b)
applying a resisting force to the deformed article of

manuf acture u str in heat| the

arti @l @“PP'H‘I% 'Isf"i’gs orged n]?ya%’d’?lgwt E ﬁlf‘z_yete 6’??83 Fin to 1is austenitic
state hRIIRE KRdpelof tnerarﬁd)@tome%@&e& silbstahiilyt6 ekt BnfiQirfon.

thereby transformng the alloy fromits stable

martensitic state to its nmetastaple stress-retai ned
2. e PsHOARreording taclaigh] . vherginths atticly of maggfchige isg medical device.

second configuration; and d) renoving the resisting

3. fog exeetﬁdaesdébwlngmaélhllet fuethél meliding thd 868 fo®HBRitiOnihd $he deformed
austenltlc state and the shape of the article to be

articlg @qthyy thg humpr begdt while the Qfowé afticlesis resgamed by Heiresiraining means.

A net hod according to claim1l, wherein the article of

4. MBAWMARddUERotdtngPioBAHC R whlSMh GSid skp &F KBEROS A6EPOH LiNdmatically
to claiml1, further including the step of positioning
warntipg tq b tpgd)erature when the article is positioned in or near the human body, body

temperature being above the alloy's A¢ temperature.

5. A method according to claim 1, further including the step of positioning the deformed

article within the human body and wherein the restraining means is body tissue.
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article within the human body while the deforned
article is restrained by the restraining neans. 4. A
woredobodiiaccording to claim 3, wherein said stepcDiL2005/000492
heating is a step of automatically warm ng to body
tenperature when the article is positioned in or near
t he human body, body tenperature bei ng above the
al l oy' sAf tenperature. 5. A nethod according to claim
6. 1, Afragthorbaccording th Hym hewherelp saifl shapsoft he@mmgs a biep of automatically
Y- r
wvro 57 B, ke WHER A B TRAGRD AR Sl Ry,
tempé¢ratucd kxiimg dhovetieralloyls Aafetipepe. of heati ng |s a step of
automatically warm ng to body tenperature when the
ar [
7. A hlgerhg)tduar%cé gi% ttb %lalggve (gr 1@%?&1@ n%fsltqe%]&n'%ncogp %Pnoqqg¥ald step of
deformmgatshd dte@mf ccoo:lmggnd:lodmg aodhng theuartitle o iha cﬂrstdemgerﬁtha such that the

cool ri r to sai d st.ep deformn said
shapeSp o 5 gt <A PRl RS B PG SRl HPEIG SHls- ¢ he
first tenperature such that the shape nenory all oy, at
8. | eﬂsﬁet}mﬂ’ ddcadding, totdla’imsf &l’rﬂﬁnd sidstep 8f sdodibf eéncludes coolmg the article
e ﬁSItIC state. od, a%cordln to claim
om e, iy avfepis é‘ﬁteo'f’ %SBF“% W CIFRCYNG FHEY doat 154 ?ma"y in its stable
martedkiticGlage. fromthe alloy's austenitic state to a state
wherein the alloy is at |least partially inits stable

nartensiqticos&’,at . 9.. A nethod, accordi ng toclaim1l
9.t teho P& do 1 thaims { fyrther ineludinggthe ritepa pf iheatimgothe article of
manuIRAHE AGHIUL Qustihid thé\éhaﬁy &lanmoBAdIol lisﬁ:séfb@s% m&xnalsiﬁextate
preserves its stable martensitic state.
according to claim1 wherein said step of heatlng |s a
10 sthpnegrodaaseonding ©aglpip hayherain said SES’Bch heatifgeisan sier ofiaeamatically
warm nli? tAbédyClefpk@nOSiHeh Qfﬂf,egmhfg i® hoflfiged! 1n%rr}{f“é£@&ebrﬁ%n body, body
body terrperature bei ng above the alloy's
temperatwpebeingigtove the allpy'sdt bempesatwrer di ng to claim 1 wherein
said step of heating includes the step of heating to

b
11. chg }g\r%(lﬁ)ﬁgicta%&gg t<|§ (ﬁl}é&&n \ﬁmwgrgxg{nﬂsrag e &) Jf%eatﬁx&qﬁélu&q the step of heating to

abovefitatio¥sA; swmifeetwrl | y. 13. A nmethod according to cI a| m
1 wherein the first tenperature is below Ms. 14. A

ne
12. Anlgﬁxa?gi?ééor&jihg %) «%lglm wherelg said s(eg eog(r)en qov1%egfg(itiﬂ,lgotpgxmally
above Af. 15. A nethod according to claim1l wherein
13.  t hWemfethod tac¢oedipe tcatlammel wberbinl thefirdf tempekatuneis deloontd.
tenperature i s above Af. 16. A nethod accordi ng to
cl . ni said, st 0
14. ap&?—r{/@}%oéi\’%g%rgfn ;6 ?ﬁéxéﬁ?l&&?ém X{L?r%{;rﬁg@%gé@éer 1 belo 1910 ancI the second
temperaturenis BboweeAei n in said step of deformng a
deformation is

15. A method according to claim 1 wherein the first temperature is below Ay and the second

temperature is above A¢.

16. A method according to claim 1 wherein the restraining means in said step of applying is

body tissue.
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effected by a neans for deformng which is the sane
nmeans as the restraining neans in said step of
wap@bping? and the resisting force in said steppPoOf/1L2005/000492

applying is substantially a continuation of the
deform ng force provided in said step of deformng
enpl oyed to deformthe article. 18. A nethod accordi ng
to claiml1l wherein in said step of deform ng a

17. def onethed acrordingfié ebaimd] whegimemnaid fstep deidoforing avdelepmation is

i 5,a neans  different fromthe restraini ans i o
otecld o he ¢ rFr g Sl bl st arRRRg bl i sid st
of appBinghgidethe r&isticlg f@sé irnsaid step bR applyingisbnbistaritialig uecon@@uation of the

A sel ectably deformable article o nuf act ur e adapt ed
deforpyipias ROYiteed Bind FoPrL CORHEINE EroBIrpeIEB ey s ol
configurations, said article being forned at |east
18. PaA trhath€d aécosdingeo rokiimr ¥ vatlekedty in \shigr eépn ofi Mefoarnthgsh dpfermation is

menory alloy is at |least partiall]y in stable . . ..
offecigd by pars dosqelomning 8!%5#‘ iga me?‘?t‘l’%%‘ﬁ’ﬂf R (hecrestaigipg gigans in said
step 4fQppRflg | tate deformation of said article fromthe

first predeterm ned configuration to the second

predet er mi ned, configuration; and b). said shape nenor
19. alAsiethod apearding fo ¢lpiant§ Wheraip sald fesaingg raeags ifady tissue:

martensitic state to a netastable stress-retained

20. Bk LE8BSAHI) Bcfdhmdtte artbRDf iRAlRclulcAdAlted RARVe SclS@M st and second
tenperature in the presence of a predetermn ned

predetersiingd enpligwiatiens, sai@ aptisly Raingnfprmest atdesstrpargdyrif 2 shape memory alloy,
wherkip@nsformation of said shape nenory alloy fromsaid
net astabl e stress-retained martensitic state to an

aust eni g i [ S0: i [ r i
R L L e
first pngebedtencrihestly co Middiljtate atefamation efasaill fitickst from the first predetermined

det er i ned configuratjon. 21. A sel ectabl
confighR e SskPpd Biee SRt BRI 8 or di ng to ol ai m

20,. wherejn said fir te rature i bgl ow 2. A ..
2ot s, adf Pmant oy i TRRG W G oo Satiael pdsysitic state
to a irRtaGlaBlieBra&d, retthiRd @hdiehslii€l sthie] Gherd KARArtatati least sSsededdoemperature in

Af 23. A sel ect a.blﬁg def ormabl e artjcle of manufacture .
the pa@sggqedp%@ predetermingd sesistipg d916s, 1h Esiting EYFY 1@% trangfogmation of

said isﬁaﬁét}{?é&ﬁor?fall%ﬂfrd%l sl erdiabloYe debQfPRRldemAdriskic&td¥d to an austenitic
manuf acture according to claim?20,, wherein said

state sarglb therelpir 2lem sinp¢ding reversians ofasaidijatecde 19§ reanwifdchye tfrpmn said second
[l o 0 fil t rat ' enperature
preafsiied duBeiliSh ST ARG UL T
defornmabl e article of manufacture according to claim

21. 20A seleetablynlefmindbivatrtde abmenshetes siceaadliag éel clabm 26nwherein said first

tem;{e#zlﬁgfis rerlronMl. said austenitic state upon renoval of

22. A selectably deformable article of manufacture according to claim 20, wherein said first

temperature is below A¢

23. A selectably deformable article of manufacture according to claim 20, wherein said

second temperature is above Ay.
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resisting force and the article reverts to its first
configuration fromits second configuration. 26. A
weedoeoiabt y def ormabl e article of manufact ure BCDORAISND0492

to claim 20, wherein said article of manufacture is a

medi cal device. 27. A selectably deforned article

according to claim 20, wherein said second tenperature

is substantially body tenperature and Af is bel ow body .
24. 1 efyyselegtakly defoprpabloartigleof mappfactyecragperdine éo elpim 20.ewhgrein said stable
mart%méf Eli'srgtta%‘aq oﬁgné EheCJu@y [F(} g@i’rst%}ﬁﬁ ét[}res’t@l&v its Mg temperature

nmedi cal device is a surgical”clip including a first
fromghdveitchrtdmpeagtch of a wire defining a pair of closed

geonetrical shapes, said shape substantially simlar

| NaC A . .
25. s Sftclt BRIl Be B HONIT REML B SORETN Whercin said
metagtalele | spss-relatedo nadensite niransfbrss de-shig- sisthpiticestatst umni mmoval of the

e s A O SR SRPY SRS R P bl e Sion
between said first and second | engths of wre, wherein
26. saldelsttay deformoable atticlsyof mmnnfavieresicbdnfing taclaind 2Opidieein said article
; frugm an.aust(sni tdi C. state to a stable martensitic
of manuiacture i5AMedEH|98¢°¢0 a first tenperature, thereby to
facilitate deformation of said clip fromsaid
27. prAdelfeﬂﬁliﬂ?ymeg)rﬁlbdi artiale z]fbicdﬁirfg&gic&ﬁxhalﬂ%j W\l}\;&ﬁl Qid secpx:jd temperature is
redeterm ned open nf i guration; an ereln sal
S“bs'gﬁ'éf’gg’ bﬁ\gﬁ{ﬁ!gpegqtlﬁrgyn& f’F&?'PH&DdV fPSTOHFabl e from sai d
stable martensitic state to a netastable
28. st Aestectablyadéeforindbie aftietd bf enatihAt@re WrorliNgead @thih02Gtwherein said
|l east a second tenmperature and in the presence of a . .
med‘ﬁ?‘éf?éi‘ér‘?ﬁ G RBENTS telvgmg gy (st anghieeend; Irpathy 0§ a Mtrededingsg a pair of
closédl gedleHicalNdHapes B4R sMapR| shBfanitia Ry sigRlafl il En®g hAROE and size and having
stress-retained martensitic state to said austenitic
centrgk epenings,awhireintsaidnfiystdans seeqndrlengis off wiseafudlydviepaf inompredetermined
. i . . .0n . . .
side 37 LU TS GRS SOAAN BB 9l i orpg oo e
memanyt dlblyendis digposdéddetwieen saiddostdnd gecbnd Ehgthsro2Gire,wher ei n
said medi cal device is an anastonobsis ring for
cri nmpi nghaeinasakinthapé messong albgpt Bhdendrgbly twmkformable from an austenitic

porti onsagai nst..a generall bul ar_ cri npi ng support .
Stateeﬁoe?resf#?%g\?ftﬁ 4G § gevé’l‘l?@l %’oﬁegr Red fgﬂdt%ﬂa Br E‘F@H}é,“’ facilitate
defoffutidf JfOsaRPHISE BHASH® PRICENALIGRAB b IRl GE£isatida! th a predetermined

portions, wherein said anastonosis ring includes a

open|coRBEHAHM; aid e havi ng a predet erm ned cross-secti onal
shape, fornmed of said shape nmenory alloy, said length
of wireWkrssinnsaid) shapd seEery w8y dntfuehdryiraisfampble Gpmpeaid stable

mart%%ic.r@at@tocﬁﬁ%{aédablg Qﬁ'@%—r}gtﬁﬁ@&j nﬁﬁgﬁsﬂg: s?%f% (r;sli/h%ﬁgx'eﬁgd ?bnaq least a second

pOI‘tI ons, rern sal ape nenory a '
tempemee snd iy thermesshar ofcbpredétermrmmairesistgtgeforde] whivhdtnpedes raversion of
..Stable martensi.tic sfate en coqled,to a first ) ..
saldts é‘?eé’?(m( él oy h8Vle 1918ta$tg F|s§r;‘f55‘t“§amed martensitic state to said austenitic
state and which impedes reversion of said clip from said predetermined open configuration to

said side-by-side registration.

29. A selectably deformable article of manufacture according to claim 26, wherein said

medical device is an anastomosis ring for crimping adjacent intussuscepted organ wall portions
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def ormation of said anastonosis ring to a
predet erm ned open configuration; and wherein said
waebapgeimerory alloy is further transformabl e frPODIIRA0SH00492
stable martensitic state to a netastable
stress-retained nmartensitic state, when heated to at
| east a second tenperature and in the presence of a
agamar @%@5&5@1 mlareéfaxﬁﬁxhg %uf)&frf: Qlemihit %vagn%@@er{ew g6:5ie@Nend wall
sai d ape menory a fromsaid netastab
portlosl@,rseﬁ-tp CBUEE mé@tmw%b@w%ths toEgae wal mmswa:@m $3ji¢ anastomosis
g(;gﬁ%j f |
ring n?%l%gfqr tﬁé\gf\gﬁehe I ??rr%ﬁﬁte ngé(fe)égo% osﬁtfst?dnglrsgltgﬁ%tf&%ﬁ of said shape
memq@y etley, aaidilerggh of wrrp |dn@mog) afciogad athstantlallwurcAlas shapethaiping a central

. .def ormabl e articl en o Orrllufacture according to claim
op “‘E%a“%?é%% g%qpan% iPPR"Sevice is a staple for bone
fixation,

o ua Qe D T R PR AR e Rl o an austenic

state td11aCitEM1S Shartensitib estale,ngh@Dcodled té r fiisherhpatared tRatbY $o facilitate
of .said web; and two sem circul ar end sectians,

deforpaion-ofisaty anpUAMesis a%wrﬁ‘&tml}f@perhmfwgrﬂ&on and
presel ected radi us of curvature, reselected an
of cur VAEite saidnshage ey eal oYk é heg teanpfotafs é%qng/ said stable

martehBfic §t§ﬁqx|3 ARt BHINERsL- Mf@%g}fg 15 Etﬁgalf‘gﬁ?t& Hea®¥@B &t 1cast a second

menory a oy IS reversib tr qnlan )
temperatoteeanidt indhe presance of a psetcbtﬂrremnérr@seqﬁsg tforge,swhithe impgdes reversion of

said sgxg oelol?xg %)1%1 a&hogff{oshtl sgdﬁ @%’e‘?éﬁ%tb&‘e{ se[resg Petal%% A1£rtt 31?18 state to said austenitic

state @adfwigel anpades sugtioh hﬁt saﬁlaanhsmngise g Cfmbhv aiid rp}ecilcsermmed open
decreased tp about 90 relatjve to said web so as to
configYTERATIA AiPRF eI TRITed R CAFEER oi roul ar end
sections and to increase said span length to a
30. prﬁe%abﬁﬁm?(ﬁe‘fc&hﬂﬁle iniele ebry mhfufh@tiel ddcaddeng fbseratrhozas Gfherein said
sai d staple |nto t he. bone; and wherein said sha
medigab Aice ispstple for bonedixation. formed of mid hapemsmay ?Hoss Phighdncludes:
martensitic state to a netastable stress-retained
mar t @W&P hewng st spapHensthand atbickaesat | east a
secondtenperature and in the presence of a
pr edetahepiingpomds farmingthe gndrointapf s4id vebe@ds rever si on
of said shape nmenory alloy fromsaid netastable
st r e semigingelar rradt e9egpas, cbeginming fioms apid Aendingipoings, having a

presezeglég rafifad dlf’hél.ﬁ%tﬁrgpg seﬁe%y rz?ﬂ N o Pk uﬁz@fuge 5Pl Gk AR which is

predeterm ne en con ration to
substpmteatle tler sainead szhdstebmhmlgxess;nfl gur ation. 31. A
sel ectably deformabl e article of manufacture according
t o cI aiwhezfn suihe;hqiemnsmbdr zmmﬁ i€ aéveebemy mni;ferrmble from an austenitic

state (tﬂ gla%aﬁtegggg ﬁtgf%s\\;\vﬁprg %oq ?f{: Igtr tlen arlgﬂlé? 4P ?%p?litate deformation of

said ﬁéfﬂlé Re% pfeabteﬁﬁlalaga;;eel &aﬂgurhﬁw @@ch&h&tbbﬁit aild & duyvature is decreased
coni roxi mal end

to about 90% relat?ve to said web so as to substantially straighten said semicircular end sections

and to increase said span length to a preselected value, thereby to facilitate insertion of said staple

into the bone; and

wherein said shape memory alloy is further transformable from said stable

martensitic state to a metastable stress-retained martensitic state, when heated to at least a second
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portion and a distal transverse end; at |east one

def or mabl e anchor arm forned of said shape-nenory
w@bdoepifizxably attached to said cylindrical boRPT/IIL2005/000492

portion; and fastening neans di sposed at apex of said

coni cal proximal end portion; wherein said shape

nmenory alloy is reversibly transformable from an

austenitic state to a stable martensitic state, when
tem%gl;}klﬁg ah® i ule! ﬂr%n&eemf)@aé{&ﬁnnédQeﬁﬁﬁig' fbica! Which impedes reversion of

rmation of said east one anchor armto a
-said sm]betrmmm elloy frosremtmnmtg@p strgserietaipplmag@sIsic ftatsyto paid austenitic
tion t

st R FURLRIEAS, ik of Hd e FUAREI G ToRNAinLd G5B Bhfiguration 0 o
pre@étefisified fabtening donfiguratiosi ti c state, when heated to at

| east a second tenperature and in the presence of a

pr [ r
31,01 ety defo BTG B, BF it aCBRARE Ty LK) lhercin said
meaicﬁleaaqéeeisamn@@aﬂdmteelrmetfaatenst firsecupingan @ hwles dekgd: inca bone, which
state and which inpedes reversion of said at |east one

fror arm from sai d predeternined cl osed

configuration to.a predeter and te|n

conf idg&eneral igncyiiggricd], dencafe g]‘tdq g”d’é’fgg E? 3y proximal end
poﬁﬁﬂ%ﬁ@ﬁh?&ﬁa@t@ﬁ@@ﬁgbﬁﬂ to claim26, wherein Sal d

nedi cal device is an expandabl e bone anchor for

SEeCUrs (gsti dhe Aefdahblé bndhbestnl Priedemaid shipeahiethtiglalloefixably attached

a general |y cylindrical elongate body having a
tOQ!ﬂ%S!‘WFFﬁ%PQYEQfﬁP%aa\“ dproxi mal end portion and a

di stal end; at |east one pair of defornmable anchor

pr oj desteripgmesnsidispognd as apey of paig sonicalproymal £ P‘?’F‘S’(’hbl y

attached to said distal end of said cylindrical

por t i on; whettihendshang Memey APy poraersihly Gpsiorgpb! % 06“ an austenitic

| & . ' StdfR&ilitate deformation of

Sl O Pl S0, AR s WATE Bt
salﬂljﬁlcﬁﬁtl dnie ancoatien to preduteriviined glosedeonfiguratian; apk, when

cooled to a first tenperature, to facilitate

def or mat iwdrreii @l chape nemsty aivy p%afurthelf tapderrable from said stable

maﬁ{ggnjs%téfagqnﬁ agtﬁftgs‘%ﬂggtgetsﬁée ?e%drgzﬁe%§ fio stggg\ﬂx%xl'ﬂeg{edqpat least a second

tethp&AGtO BRI e piRBAcealfa ;ﬁé@hﬂrﬁlrﬁ&ﬁés&nﬁg tforce, Sﬂ}aﬁtlﬂrﬂmda reversion of
met ast abl e stress- retél ned m?rteny tic . state,

sajdoshiape  megory allQy,ftem saiddpelasipbiesircsswianed matign §1Hc f»tﬁt@ to said austenitic

stzRé gﬁ‘@'@ﬁfch Ghp&ieP tSARIG dTisRadt e bid dndBorla0h Gdm Wi Fddetermined closed
I npedes rever sion of said shape nenory alloy fromsaid

conBgarstiatbioe predeterminedesprnded fgiepiap eonficiraienit e to sai d
austenitic state and which i npedes reversion of said

3 AL d;gasﬁecﬁgg d@%l)ﬁna@)fle AREIRObE Riafh8Gile CtBorliin@MoSahith 26, wherein said

predeterm n osed configuration to apredetermned
medipa niteitefiaan expaglablertiong anehor dor. securing in a hole drilled in a bone, which

includes:

inc

a generally cylindrical elongate body having a substantially conical proximal end

portion and a distal end;

at least one pair of deformable anchor projections formed of said shape-memory alloy

fixably attached to said distal end of said cylindrical body portion; and
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33. A selectably deformable article of manufacture
according to claim26, wherein said nedical device is

wa@2@benti2f or di sposing in a human vessel so asPCDIL2005/000492
provide inproved liquid circulation therethrough, said
stent is fornmed of a shape nenory alloy having a
predeterm ned first configuration; wherein said shape
menory alloy is reversibly transfornmable from an

P 2 Rol e "
auste n:cg&'glsglt‘rﬁéa%s hftag&eéagzlgk)@omf&c%n&m qrsxlﬁltaﬁ&ﬁ potfbi

cool e Irst nperature, to facilitate

def or mat | in S Bitim § CAREHIrRTorRE6R i

configura?ﬂg%£%E?%gm§% snﬁ%?gﬁnﬁn si ze ﬁan ggﬁd ?ﬁ%%?nauém“lc
statotofa gatrlatmatensitnsiateirehai qokditela sy p@nmmwoaﬂwim}tei deformation of
ool 3105t ETS! TR0 B-L PELC Lol A TEL G s o

b T PSPPSR R e BS By 3F R LETBBFAHY Fom i s
makteh&ific sttt t6a mémebhssticeyRtsedinaiensitid dlatshalps herwd to/at least a second

alloy fromsaid netastabl e stress-retai ped rtensitic )
tergRestiure, ol ° RS b PeTEInGh G Py Bisgmpedss Feversion of
saill QWEPSineMoB alfd ffbn® sA8 imdidsRBleSshlest-BREE hREBhINRstHE GO B austenitic

configuration to said predeterm ned first o .
stateo and ghieh impedesaevemianeplesaidi Bt Yeagtedns, paithploanghey projechpns from said

' tdfnfrid & Ast&fhdconfiguration.

e e

catheter. 35. A selectably deformable article of o
33nanuf ackectplly adefermablegartiele cifampud@turoteeasding o daigy 8¢yt wherein said

o ISR LI O S, R 051409 v v

A selecta
ciraulation eheodthnoagh) fsaidtstang isafocmed phg shape cheamary 2Boy Wihenges predetermined
i sai d.nedj.cal device is an intrauterine device for
rgicOPBETAY™ thin a uterus, said device having a

predet ermi.ned shape forned of, said shape:nenory.allo ..
el i ngV TR ST RO Hlof i e RRBRG T FPHOE R an austeniti
staed & &l StabhigdrRnsitis statd, &hapeooledned raYfirétl thifiyerhtiirel RVALikitatd Jeformation of
transformabl e from an austen'tic_stat%¥to a stable .
saidp FieRint pj Rredgtefancd, preand: sefigyratign gviich. &y S%Ifr:ﬁépa% fan said first

aﬁg%ﬁgg&yghgte deformati on of said device and said
anchori ng nmeans to a predeterni ned cl osed

confi gur alieln ARH HR' fleosAhlbys N2 RGHIE WL YohdbRY fiofh said stable
further transformable fromsaid 'stable nartensitic

matesitictstatatorematgstalile etress-resained markinpiticl stater whershaated to at least a second
teritﬁgrtaﬁxﬁe %c? th {ﬁ% atu%gncteo f%taprlec?e?%ltnér%d %gs‘fs?lgg f&r@%ﬂé@{iﬁg Hﬂpeedes reversion of

e presence o preaeterm nea-res
safdostape mudot) alloxpfoia Saidanensibbnstass-saitdIhateasitie sateyto said austenitic

alloy from said netastapl e stress-retai ned nartensitic .
stae apd whisTSEPAACE TEYeEHOR ookt it RO Pl EqFer e SEoond configuration to
salEpredsitingf fisedomfig@uiige and said anchoring neans from

sai d

34, A selectably deformable article of manufacture according to claim 33, wherein said

predetermined resisting force is provided by a catheter.

35. A selectably deformable article of manufacture according to claim 33, wherein said stent

is chosen from a group of stents consisting of a mesh stent and a coil stent.
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predeterm ned cl osed configuration to a predetermn ned
expanded attaching configuration. 37. A selectably
waoledooomabt e article of manufacture accordi ng teCTII2008000492
26, wherein said nedical device is a heart val ve
retaining ring, wherein said heart valve retaining
ring includes parts fornmed of said shape nenory all oy,
said parts defining a closed substantially circular
36Shape shaMitly RfdrRableddrtielp T Mghufdethrd alﬂ!doﬁﬂn?\t@ rdaRPR 6 Owherein said
end portions, wherein said shape nmenory alloy is ) i
madisab devipe ys an dnisqugringbleice rienlisposiigs Withing 3 stesyspsaididsvige having a
0; S .
prfe el BE oL SRy HETRRY ik OpPlulingShnchoring means fo
attychimant wethmi the ntgrusi ng to a predet erm ned opened
configuration; and wherein said shape nenory alloy is
further twharesif saidsbape hermonysdloy isteatrsblynearsémoablie drom an austenitic
ool B £ R0 A B BRSS! B ccormarion o
saididvice ahd@ipirherinemeinsdo ppedatmiimdibded emifighitalign; and '
force, which inpedes reversion of said shape nenory
al | oy fr evhefoi Galdeblapt adabrdoryt dles/Sisr firthemn @dnsfeiiadRes fiboinC said stable
state to said austenitic state and .which i des
mariepafis Pl 9 TSP TPRIR TS AR TPATERFNG Hefer VAG HeABHHQ 2 lgpst a second
teRp&aRELLHT Rafe ?Ma@e of QIPrédatéiink® Peslsnd fd26eS S MpRBE reversion of
contracted fastening configuration. 38. A selectably »
saifeshaparasmeryapliaycirem éﬁldﬁ@ﬁﬁf%&@t shices-Tstains e aragignyitc stplgitpnsaid austenitic
stz anh GhfthNingHals r}@wém} o@eeégf Qelite ané! AP aﬂi&l\()ﬁﬁ? hens from said
securing tissue, sald clanp device includes:a palr of
predetempiined cjased cdnfigaiakipn ot 4 predrtatmingd gxprodetbattacingg pofigumtion.
formed of said shape-nmenory alloy; wherein said shape
377EMA yse?l:t'a@l de?oﬁr?%?er SileYof! ﬁx@l“rcf;c%rg%éoqdifn% A Ahhm 26, wherein said
austenitre dtate 1o a stable Martensitic s ate, Whén
mehall eldvico isa thears tvalive mganang Lring, whereinawid hedagt wlve retaining ring includes

deformgtion . of said cla deyi c a predetermn .
P ERBrA s AT e Gt anory il i Pt dnPa B FESL BBy circular shape
ha@tingQycehtallopediig ind havivgf cverapping end poftisad, d st abl e
martensitic state to a netastable stress-retained
mar t ensi tleréih 3khid, shipememest Aldytio réversibby frhnsforfi@bleNbm an austenitic
tenperature and .in the presence of a predeterm ned

state &g & staplg magtepgtic jlates Whem R0 acre tenpsfatyre, o fagilifgtefeformation of

sal AR a Rl r@Yinfp 38 h YrdibicAsihabbiinst dofRgurh §drabAfd
martensitic state to said austenitic state and which
| npedes royenL3 i Qi ‘%fnap%"J‘in‘éx_n%ﬁl1 BRGT i rBRF (HaRSfolni b %%!(Td said stable
predet erm ned opened configurati'on to a predeterm ne
mattasity staiseninetgstalnSirgsretinahmagdsitidsigts] wherlraged to at least a second
5L R Gk o AR A58} S0 B everion of
sald $Hapé nfedory aR@bIrymciakipnethsiable\bticss-fetatnedanatentitio egte to said austenitic
st%/tg zll?lgltvyﬁlglg &ﬁggdg%?&e;’q?gqne quﬁ g%/%gl \?edre(t:alirgxtlgs ntllg %VgnP %aid predetermined

opened configuration to a predetermined contracted fastening configuration.

38. A selectably deformable article of manufacture according to claim 26, wherein said

medical device is a clamp device for securing tissue, said clamp device includes:

35



a) an elongate central axial support nenber having a
first and second end; b) a plurality of generally
wo amsal1ipri mary el enents forned froma shape nBODINZ005/000492
alloy wire exhibiting stress retained martensitic
characteristics, said primary el enments being fixably
attached to said first end of said axial support
menber so as to forma primary supporting web; and c)
a palrmfu(flﬁhbxhg i&hs B8y dced t’%dd @Am@&ﬁg AIK BHRIPSH Sid shape-memory
formed froma shape nmenory alloy wire exhibiting
alle;r ess retained martensitic characteristics, said
secondary el enents being fixably attached to said
second emdersin ssad ghapgim¢mery mHoy ts reEerbibly sanstosmalje figrman austenitic
ec r r
stafhy B35 A€ ey RGBSR i st S B RR tormation of
said ichingp davi te b plddetenminedopntd condigarhton; wikn cool ed to a
first tenperature, to facilitate deformation of said
bl ood vesdeteird ishitleshape raermrgdzﬂtogr i fuettlerc trmmnable from said stable

mz\%ﬁ%ggxé? %ttlf) gnrg%%éaé)ll néli"n% agrre]ldgéa%egsn;x:(iaﬁt%}ﬁ, ev?he’n heated to at least a second
terhperitafeOndeinl the presehcs af @ MQbﬁnB@f&sBﬁﬁg foré€e, sthadhGinipeded reversion of
net ast abl e stress-retglned martensitijc state when

saif| shereamegont aljog fLam said MtptbleetrsEIraR IS MIHaNSite $pfg to said austenitic

stafy ﬁﬁﬁmﬁhqinp@déarr%d&&% OF 90848 cbfarkiid PRtidP 6/ satbielletermined opened
| npedes reversion ofsaid shape nenory alloy fromsaid

copfeguaticnp @ psedetesyined clopedclastening eonfBerptionst ate to said
austenitic state and which inpedes reversion of said

39bl 0?9' MesTRl ddddablef JrQHb A fairssRt %wmﬁ t6! 2538926, wherein said

con guratl on to a pre eterm ned expan ded ast eni ng
meglégal rlgw‘am aploodigessel fltsr éartfekably dasppeingraishia aamajor bleodvessel thereby

i g’%era 'i;ﬁmﬁ% ?Jt‘f'éd}‘ig Eh%re‘ﬂg'%o%l] ga‘?dﬁi{‘é? didis:Sal d second

re |s omer |an enpera ure and above

t he . O%P %ﬁnﬁétg al%u élmé/'r\nl%e? hzglcrgﬁap hé%gn%sﬁgéoqlg%hg

arti®¢le 8 ure ac
sai d,secaon at ur d erﬁﬁ gqﬂ¥%
CorRy at d BUiSTRat ARETA RESE PBYS AN e a i 2 shape memory
alloy wire exhibiting stress retained martensitic charactenstxcs said primary elements being
fixably attached to said first end of said axial support member so as to form a primary supporting

web; and

c) a plurality of generally radial secondary elements formed from a shape memory
alloy wire exhibiting stress retained martensitic characteristics, said secondary elements being
fixably attached to said second end of said axial support member so as to form a secondary

supporting web;

wherein said shape memory alloy is reversibly transformable from an austenitic
state to a stable martensitic state, when cooled to a first temperature, to facilitate deformation of

said blood vessel filter to a predetermined closed configuration for insertion into a catheter; and

wherein said - shape memory alloy is further transformable from said stable
martensitic state to a metastable stress-retained martensitic state, when heated to at least a second

temperature and in the presence of a predetermined resisting force, which impedes reversion of
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said shape memory alloy from said metastable stress-retained martensitic state to said austenitic
state and which impedes reversion of said blood vessel filter from said predetermined closed

configuration to a predetermined expanded fastening configuration.

40. A selectably deformable article of manufacture according to claim 26, wherein said

. second temperature is lower than body temperature and above the alloy's A¢ temperature.

41. A selectably deformable article of manufacture according to claim 26, wherein said
second temperature is body temperature, body temperature being above the alloy's Ag

temperature.
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