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I I\/PLAI\FI‘S OF STRETCH CRYSTALLI ZABLE ELA NWMMB%TH@S OE | MPLANTATI ON
FI ELD OF THE | NVENTI ON *G~~2* The pres relates in general to
stret ch-cry80a4%8¥abl e el astoneric nedi cal "esf*ant s and PETHEPHNSME for the
insertion and placenent of such nedical inplants, particularly optical

| enses. More pMEDICAIRIMPLANTSOBISIRETCH-OR¥STADIIZABLE EEASFOMERS

el astonmeric, highly extensible inplants forned fromstretch-crystallizable
el astoners, preferably si| ANhMETHORROAIMPLANTAMIQANNt |y strefched to

i nduce stable, yet reversible, higher nelting point crystals mu&unmw&m ml
stabl e, elongated, small cross-section deformed inplant confi

use in small-incision inplantatgpn §EHRIANESIIN thi n seconds of bbog:
inserted into the body and subjected to nor maﬂ body tenperature the stretch
i nduced cryst alThe pebant mbéntion rejpteshe géneml wrstrsteh-orystelligabie dastontesé mecbcalgl naI

di nensi ons hape an i cal char teristi.cs

| NVENTT O “PREPS S5 to Flfie® R T Risor ShERRGHsT & frameal v Rat el nown
in the artoptioal letnkr.e rvmpémﬁammy 1 prasbgmavdnabm Ql’dlréﬁted’tateltﬁtainedikg)digh]parts with

medi cal inplants, These nedjcal inplants can be divi nto t ener al
cl asses ofexF%ﬁPaH’EFgﬂ’tsréﬂ?@Jlfo%ﬁ(ﬁ@éﬂ“ ablg plasiemest. erg%wmé%“i Iaffnts
whi ch per f @mchsglstbicRdado ﬁﬁﬁ&"k‘idb{%' dr me;slbwﬁﬁl m%ﬁﬂmgpemt &ygfﬁsrtb%aueé S
mechani cal properties, including s¥ren é exi ity Exanpl es of such

i mpl ant s | stabley dlengated| seadivease- s%‘é@n@efvmegegplmaorﬁgwraw@uf@ﬂusi: ismalk-inFisiensecond

Cl s e P Al LR e SERRR Rl gld ons BV

(rjrec hani cgl nopndpbgd}t uemseralﬁmhpi;twhorﬁdubtd systdlamgt dl{o“mngphealnm@nls e tetiohe tac OtS rret : c
evi ces de ne ssin i ssue or, nore inportantly,

artificial ﬁe"g?"%:na? sIgoé]Fr s%%peaeagﬁgwéﬁﬁ g}i f‘ﬁ or replace the natural

| ens of the eye AIthough medi cal inplants of this second cl ass have been

successfully used for many years, their use is not wthout problens. One of

the pridrary difficulties Is BheKERRISDPCQN THE ROBNTERUsed by the surgi cal

wel | known i1 Chgepterf AR dciirdf AL BBk oI 50 (TR @0bEme | ' ©

i nci si on epaeecheftar augmaen%on nfxiaanalénbdpparqsrvoﬂnenhd'rcel implants.r Ehuemedidal s t r aunma.

At present., reduc ur chi eved,

there. possmBES 4t PEutitkd fly ¥ Fn Bencta) BoS B hmi WP PvlsPy e puf s vel v,

recent reSﬁc&hIidéEIl toheMer sepformn isefid and @sdatisidurtionsedsediupon 4 Patiesiofe of the

surgic BSTI, T E SHEET (RULE 26 4 JUNE_200 877

PCT' /U%QQ BRSOV OPL G nFipding ?“e"ﬂ‘ﬂha%g‘ﬁ“l{‘lﬁé E’f"l‘“}"fei\/\??%ﬁ ‘Uga“‘asr‘f“’r\‘r‘dﬁscopl c or

m crosur g%waéeﬁﬁﬁmeweﬁve@,@ﬂd hrB&iSIYETRAT $he deBIHdRNEY iRGuss IgiRMRsSwiGen confi ne

t he physica |rrpact of the surgical procedure to the desired target

| ocat i on tR¢FiaUyHseiand esseptial dipchensdy amug of Yie phwicalrbans 0§ﬁﬁ|lmplaméet§ﬁréw§ reduce
much of thgyd h{:aHfZP?]ﬂRJchJab’pr@ﬁe?Qé‘s' @i(?rgplw &f*?fhw s%f}%pﬁﬁls@ #9@8&%{1& onal

| arge-incision tec resu I'sconfort, healing

time and mmpbs dragnadns amgmn wayplux@cmssmgansm@r rmecgtel mepgriaittyhargfimd! opiiqati si on

t echni earch Eas R cause t he vol une, di nensions,
SrRwEReE ol

and refati v'ésesrﬁheé‘lg&‘i 19 4B RTER ﬂc\fe AMS place practical limts
on the avai | ablgthogghusiddicarinpfanise ihis setbnd iciaes hatdigud Buccakfatiaiskd fop mamny types

of prost he)}elar% tﬁgll('j us%(l)ss rgrc}% twllt oxit r;T)Pclxb emss OnEe rc]>lf ﬁ'le %ﬁir%?rly%%ci:u?tiets }/s Lf Ih?snca?}/rauma
caused by the surgical incisions that must be made in the body to position the implants. It is
well known in the medical art that reducing the size of the surgical incision needed for the
25  implantation procedure will reduce this trauma. At present, reducing the size of the surgical
incision is best achieved, where possible, by reducing the size of the implant itself

Alternatively, recent research and development has focused on reducing the size of the surgical
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10 artificial optical Tenses, known as intraocular |enses or "l OLga. Juﬂpg@oz
artificial |enses, are inpl anted into the eye to replace or augnent the
natural fens and it ability to focus light onto the retina of the eye In
this functional context, it is the shape and volunme of the lens, in
conjunction with the refractive index of the lens material, that causes the
| i ght ent er wogomkdser eye and passing through the | ens to bepCowamedspr operly
onto the retina permtting clear vision. 15 Presently, nost practical

i ntraocul amcxlsxemﬁseifn‘rrhmntmthbthzramcemhmﬂscdpemﬂmnaoangérpcécﬁxinques amd t he eye

that is greater than 3. mllineter st cas

i nt r aocul aPSTHEHELS; EPaREHEEqnLRE één%éherpém%? mRat o e HEERALRIACRre to

cat ar act ouge Basired fakget RRSIRUROEET dnall, S rBAE BRIIORS T Phesd HRlNAIVMBreddte t he
natural lens requires an incision of at least 3 nmto 4 mm However, the
typi cal i nnpehodthedraumamermaliy pesaciated with awrgers psingpednyentionsl dige-mesioRi ng | ens
portionga n i ch
Dosi st tfeiPiuE N80 RO Gl AN FpalE B BRT cOmiRICE ol ]

foll owi ng ocrpt @nbatddoced \Wﬂmaﬂuncrsmmttbghnauw | abl e | O_s have a rri ni mum

di aneter on the.order gés ?E] 3} h lth|c A é
recently, |enses KoM a& "°f OF" egﬁy éc%’fft & LOYIme, rg?ﬂi&]s taB & ?5%‘ F%°
repl ace t hee Baiveritivhalli@plants plaveprbaiest it oh ﬁrzadaxharélrmcmmmmm saget ers
ranging from8 mnmto 13 mm and m ni nrum 25 t hi cknesses ran% g from3 nmmto
5 nm  Thus I hopel (RgARAP MaREIYRTSH PatHens andgosmetigdmplanss, this gro learl @it BY mum

di mensy@n anﬁ&h%pﬁcm leﬁs'éL ldx@@?ﬁ adhirdBédfar Qﬁse?@xd‘ioﬂ‘er'ﬁne% ﬁtn@uﬂﬁﬁnﬁés%@t
drawbacks to the use of ‘any incision in the ei/ especi a ones that are
great er t himplatedhifite thegyerin rTplacecor duemti dledaiurat eusiexdpb@:tlhtbpeéa silight onto
astigmatis | St i , t r. i ncreased
conplicati @%}g&lggghﬁggsh ggﬁﬁsfﬁ]n%dtgg% ceﬁgmwﬂstthﬁ é\ega\?lvrq ? ﬁlﬁl@rog Sé%nggmt he size
of the surgpnmbtxanmtlsthoreﬁaaiwd:ridax eﬂthwimhmatr&pélamatldagseamemghtreamugEhleeycens is
to formthe |ens fﬂﬁ{oma relatt bvgéd/‘ih‘{e?{ ible materi.al which iis folded o

rol led to PERIEIeHE N Ya'eat foditd® PO OBi 1BF '1B? PARLPYS AT viE™y ens into
the eygs Once iPr¥emiy edst ﬂribﬁcdl%ﬁottﬁarllﬂisﬂﬁ;dﬁﬂattoﬂ pedtle@ires @fdrer@tintisionti® it
ori gi nal shape Faol dabl e | enses, SUBSTTTUTE SHEET ( RULE 26%{ 04 JUNE
2002 WD 9othg geAhatprErFiRgbinRmt '(J“"a?’t(ﬁmlgjh"aﬂ’eq{’}a?‘et F"d?s EMBITROGURE lsAYiSd

pur poses, ipViated aAWRAC efoWiof theldamhdediod @hthrabtd s dalraiSdR! CLREHSI @8 sur gi cal

i mpl antation and may make theminpractical. For exanple, when folded, only
one of t heproprdeee fo the rsoyplef ﬂteh@t"mlaﬁn‘éf@wf@ra"tlw‘%thahleasééﬁ‘%@4'@H'uced and
t hen, by I

t hi cknessoﬁ%’ée\}r%gé{ees@ﬁlPgragou Il m\;\ﬂmﬁ%luﬁgs @%H?Jrlﬂgl&%gg rlr%ﬂ;%g
unchanged fhiner pnonpmnzmmctmaﬁe@tnresn(ﬂepmcs tvihish dssistivtitaghe pimmemrvaﬂiet@mot\ he

| argest di i he cas f currently.avai

confi gur at Clr’%ﬁsfensr“e"%? rlfg %e t% e o ¢ t%'é’"4wn%t ‘fu"eéﬂyrﬁhaﬂab qg)gﬁthh"% Fur t her
conpoundi n@inimirh giametef o e ogiet bfH xlnﬁnthd emyinipumdhicinepesimanans 2 ameades: or
deformation i q t.he opti cal Afﬂl?rtl on.of .the | ens si ng vi sual EI stortion

fol | owi ng TeRp%Aenses kewnes AHll-size aptics: |"Q}%“dﬁ‘ef%‘i?&‘pfeh°§¥ repzce e apfunt sPosed for
reduci ng 'Wb%é&%e%l@&dﬂwiﬁgﬁgmlm @Bnedets@hhging EdRES HHLON i RANGInkfuh enses
made of materials such as hydrogels The hydrogel |ens is desiccated prior
t 0 i nsef t i birknesses &anging frome3 Hieteal mmy dhusd syaigaldpoisiaisthgisat [Qapias E8%easi st i cs
of the len dto
rehydrate g’ngF e&%’g\r@ S'b {ﬁ%?&agﬁp&?’ﬂ@ é?gngg%\hT e %E%:’g’klﬂ%/aatrégg&eﬁzﬁinses
are capabl ® tbé ustsf snygmxmrclamhe aye,cspdcialin ondsthas heegreatdrehapirmene 4 strat e of the

{7 om 3 houret SRR PRI R € nTTaEr ok Sra PaieT edPeBit Mo " he

i mpl ant i ngpaetft@ﬁiaﬂmmamahh@chm@eﬁclehmmgﬁmgmet her the |lens : S pr oplerl y
positioned in the eye prior to conplete hydration As a resu npl anti ng
surgeo”d may bePredngibaddown foreducuigdhe pesfidhe %%h‘é‘é‘“?h@o‘?%ﬁfiﬁ’\% wai ting
prior to Cipss t.ﬁé;a PRI cARE Rhd i9 b R HRALRIRIM dflakilel) N&iIHRGRANSHRAREGs Certain
that access to the interior of the eye is no | onger necessary to reposition
the | ens. foldedior radiedhtsaredifoo thet s o§nm dlnnenmnsqrontoslmegt!rtgahe luenq;htanbwpon of

i ntraocul af,_| ens been. pr.opose th little suc n posal
2"t r anspar R BRRTSGAT e MiePAELOIR el ol YRR S e, FO IR D or Tt
into the eye through a small II’ICISIOI’I %ce inserted into the eye, 25 the
proposed balloon lens is to be filled wwth a highly refractive material to
inflate the lens to its final configuration To date, balloon | enses have

proven to be inpractical as If@é I nuf acture and inflate
wi th any degree of accuracy tgr cﬁrgﬁ$ﬁ#?¥ﬁ%%iégl antation. Further,
there are unsol ved di ff| cuI ties with mat er| aI S, the rermval of bubbl es, and
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4 such | enses because it is difficult to produce predictable optigajuneeEso2
and resolution with bioconpatible materials. A nore practical and
real i zabl e nethod for reducing the size of the surgical incision used when

i npl anti ng @ 9%4#817aocul ar | ens is disclosed in currently RSFAGIINFONNI t ed
States Patent No. 5,702,441. Wth this technique, lenses are forned froma
menory matakhaugh pddquae foraheirtimterrdedt puripases, rigve drewldskd whigh kroit eir s:kafpesmall-
transfornmabl e eatl teri bl e of

Subot ant  An B BPR BT PREY Gt eg PRt Fop el soE PRRL G o

i mpl ant ed oh&bOH@three difid@siond, i dianffer oNthe RedtRYtan USteagcea, @Em}hdn @i@t;ataﬁr,

tubul ar ejector. Follow n npl ant ation, the gelatinous |ens inplants

i mredi at elAf thesame fime R &f 31 ﬁF*’é’ IFREPSIE: té%%égesameeeﬁm Yituhied ghde the) | owi ng
the ingl ammdrtgm&uroqeaﬁhltsqmagntedr Pﬁh@hﬁ%@:ﬁﬁmﬂlcﬁ%@ﬁ@is tmdmﬁearpd Glen@iop! the

i npl antation procedure. However, even this technology can be inproved upon.
For exanpltke, lasgess dimensien, wehieh énsthe ease dbdusrentitavaiiablejtrs confignatinisrartams eabul ar

ej ector, n

surface- a?%a P%Q‘?/g?ntf?m{eoe?é&'gﬁq hdiel;?n (t@%con ?tgerﬁgfé]{jﬂgthelensm%e strong
el ast oner ipeoduce peEpareRicaréaseh dnytefbhmatndeirﬂhaephchlqmsnanmftﬂedextsmmnmgvm;aECt or as
t he deformagqrgen ltr| es o recover its original size and shape. These
forces, cANMTEeP ?%"%Wé’ﬂ“}ff'&é surface-areato-volune rati o, may cause the
def orn@d | ens Q@ alt@nalive fretholi that KasPegprépdsedfor Fatcifdiftition sid Reh@r and into
the eye. Accordl ngly, one of the objectives of the present invention is to
provi de i rBPIAHRLONIDHE HistH SHBrBIg et aradap] matgral el Pfé‘yF‘Ei’ﬁF‘éi Lhedvdregst

i nsertionae¢ dasdatdd PRbNG iMbriaR e eauceluteOAvamx Sohufie GHOMm¥RKdhas TRl | surgi cal
incisions relative to the size of the inplant wthout the use of

conpl i cat eharagterstgstf heilenst Ed"qveregqlmpqlnegomhqhrétoadtma@malrvmtgndgytgtems It is

an additi 9 hra b‘{ng(&; a% bicp??ﬁ @f%ﬂ st n‘WﬂesQ or%/alqé/rtsgs g&r gtgé:gé | mpl ant s
such as |n aocu R endes e I nser 681 Within a
pati entS t Bigoifigint eedudioys mrsexk,| the mrest Bae oﬁthabydvmet ot telqmres hapeydrealo_ne and

vol unme of the l.ant. It is not.her t t.h esent. invention to
provi de SPF%?%‘%?HE‘Y’%%IQ"F?%[ g'§$ PE‘&H@’“FH??%@%‘HF aTh'f gh%ég?tt‘ﬂ%‘f are

opti cal | y ipraéical teaatse fhk ghplingihg aGdovies inasle eedetermitd whidthker thaRndie pipedyt ched
into long, thin rogs or bl ades whi cg crystallize and stabilize at

t enper at uPESHER SN BYERECT BSETPLe faifr 45 @ Bl YPRIETHS BRERHIRER Mo r
pre-stret GRo&sn( $¢ é’de'sb&ﬁ%s@sﬂﬁ!@ﬁxse eV QuFesSwaAiNE Y & Gtk teApRRhEdH Sti Ccs

wi thin seconds after being inplanted into the eye. SUMVARY OF THE | NVENTI ON
These Znd insisipauntighesurgeoas e sertinetiiaicicesys torbe intsApoith @yads nojlpggerint s,

met hods, atus of the present invention which can

r api dl y ang&@%‘g%@ﬁggﬁggﬁ’% posi ti on 04 JUNE 2002 WO 99) 40877

PCTNS99/ 03090 cheemcthedﬁrfysmabrhallzmbblen segioal mbdtmeatrmdfmahoquhpleam Bavent o a
yatient' s body. |n C ects of the resent
Phvent i onoeronnsh BTF RIS SRERs s 3B aotiir Al BiofORR B Fapkdf P om
novel , bi defur@bdritdlseo bé rnmht 1mtd yhetegd thichiab b emal iad§ionedike iedddntalbhejeye,

silicone, with re SI cal i ch, as he. ar t ret.ched
si gni f4cantq %7°PQ§F|‘I balgon e R TBbRG Btgﬁ'éféhmte mtgiak PG e it iiRg- poi nt
nol ecul ar fRhShfEuFatidheTd @att hallsHaeREd R folainoe 8k .rt;h@dueal 8k tney glegdndaml ecul ar
structures As a result, they are capable of stretching and deformng into
st abi | i zi 150 manufacsure pncinflate with prycestes phaccrmapyoncentsol dellofingdmslapietiane nper at ur es
bel ow nor ] t | ow as to
be. oxponsi o arugepRRENA e Rl SRRELE e Rondill STRBIR, D midine, ™" R
stretched sezthnghﬁhetmste’sl ng point crystals warmand nmelt 10 cau5| ng the
- inpla to regover their i.,nal sizes properties
i m*redf%?t ely af 'é'f" ﬂ%l"ﬂ@d fps%gsd‘at%btﬁ’ah°é’f’se§2%§@ aeh%‘&"%tt’[f’; %gs T"§"accor dance
with the tvaredi QgRidgolyintee wotkDe itjeckddMMD tieQfatirdly odaiEig ls;tsroetasahcawst allizable

" elastoners_are formylated to t}ave practi cal stal nelti eratures
that al | oRPWgst 8,51 g itsEpe! Gpnfighiatien. aPs”E%h‘éF‘émP%gibEasé’P"r“é’c“éﬂe EPrRFE Usf1i zed at
near anbient tenperatures 1 S into stable small-incision configurations in
very short, convenient time periods with mnimal effort If desired, cooling
the stretched inplants will accel erate.the formation of the internal,

stretch induced m cro-cryst al s which function as transient
cross-linker-like "fillers" to nolecularly bind the defornmed inplants into
stable, yet reversible, shapsyg§PAVTESAEEFYRYLECNS These crystallized,
shape-frozen configurations can be maintained easily with sinple cooling 20
which allows the inplanting surgeon to nmani pul ate and position the inplants
wi t hout speci al tools or cooling devices or fear that the inplants wll

pr emat ur eI y rrel t" back to the| r or| gl naI confl gur ati ons. Medi cal inplants
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10 crystals during stretching which act as transient reinforcing sz't'JE'i\l?:‘zooz
Yet they exhibit 100% post stretch recovery to their original

configurations because they |ack conventional, nonstretchabl e strengthening
fillers such as the funmed silica cross-linkers found in prior art

el astoners. Inportantly) nelting recovery to original inplant

configurations occurs at body tenperature. Thus, the materials of the
present invention can be fornulated to 6rovi de stretch 15 crystallization

t enper at ur gghNeded Bdalse @ BB fobrodifee pRdictBEONRICH FoREP BRSBTS od RANI NY
from 25C to 50C. These material s produce unprecedented inplants intended

for smal | - bieeompasiplespatgrialal i npl antati on For exanple, the inplants of the

present inventi : i i di..ection
o o di mensi on (ageprfbAdheralighf SpnhEEEneReufl e dRPhROR HGEF 0
Thus, whi | esailvehendiplaeting art ingradoupr dews $s distlesed sn coreatlppendingienited States

t hr ee- di i onal ignificantly altered into stable,
i |- i o hPagR STOPAa T REh (R Pl 1578 i B By Bt al £6-
smal | i nCi glaRa] ivirgthe hbiliet6 bk BRipe aAdfbRhbRS Yichas eldbtomefit Bt gBMtihE or t .

When inpl anted through an inplantation apparatus, the stretch-crystallized
i npl ants dmatesielsegpable eof syhstantiahrecoearable Mgmra@onma;lbdlaqgapmﬂhea@lenmemm

wal I's of t i . . | e | X . h the
crystalli zEﬁpl?}gg&e&?%qgi!}%agﬁﬁ&%ﬂ?bfﬁ?ﬁ*'eo"Lsg ,a%@—ég?gt?ﬁg&g%%%ﬁeg@'nt o the
target i npFelidveihg onplsithion, THeegebatinetsclanscimpidngd ibinzaglihtel rpdassuire théir pledmplas ent

i nvention al so exhi bt recoverabl e.deformati on within_seconds after bejng
| mpl ant ed SHRCLASFOBBEYAGTS, HHiaM 6 TPRIARUIEAPTREER o GaRfiEm BroRsY placermaps and

i npl ant i ngcsHple@softhé tnplantRetindir6ceaarf i rmati on of a successful inplantation
wi t hout the need for conplex ost-inplantation mani_pul ation.or 30

t echni ques. TheHpresamven fhig ﬁmﬁoawapaﬁtmare}f%@wnwm exaplce whe puchne

pr oduct F om e o TRt BioEd PRAGR whBSE S thel1ERLAE Bbéy VY dibe

| enses into the eye for corrective purposes-or for replacenen

( pseudophakaving phigh ez ehine - tox@ipharayio.o Phiadhesk emslitions| hatesnayfbetskrongr esent

-6 SUBSTIT SHEE RULE JU 2002, 7. i nventi.on e.for from

oy ooonoar | BREOBERG LS BRI the defp i pas g wpier BriPLasdhadPirelens P one
el ast omer strag @o fe@6VER ks bilgiAGRFetMmaGRapsl tThedeBrebs @6EH1ODWitR thellnge BirgfeAtea-
invention by the polynerization of what is known in e art as an F3

th
nonomer  sufhvelemagatigymay sause thedefrpsd digs dhha Jikfiqulia pesh qub obthe ishwlas eieetpr
cis/trans baiing fhaR@d N9 from approxi mately 40160 to 100/0, into a
honmopol ymer or a copol yner with a nononmer having a higher refractive index
than the F3 nondreardinglycéneaS theghiectives fithepresant iniventiontis tospravids {raglantafjon

nmononer |ike. hexaphgn ot hisiloxane. The .resulti exe s ol r
nas & compbeiOrSRES FaY v Bl e B SRR Gy b T nesn B TR L AR o
40% a of t tieough vepnmatl sufgies éndisieisptlative ®ithediodofahy/Bipadt wdthbliethe hgesifomer
are bioconpatible opticgally ﬁSnrtags,par ent ri&ﬂ?xhi bit a refractive index on
t he order BQmPIIC.aEPdr?éR‘? (S UCHEMFANAPSA APPY R Y YR f or constructing

I OLs. The opti calis dLRRiitoRRl RS of ik pYesBR i&@aﬁbxgwﬁgvia@er%ﬁlckl-"ﬁlﬁzaa&‘gha{ws,
havi ng di ameters on the ordef of 8 mmto |3 putt ‘and center thirekness from
3 mmto 5 inweasHlaHensghthatesmbednssitod and positioaee wighinlagatipaighroggh agery small
conventi on S i g i Pl - 7-mmoptics wwth I-nmto
2-mm cent erﬂ{c! nc ﬁﬁggéstozthg%\ﬁﬁf’%&ze?’%ﬁ‘ifﬂtﬁgﬁgﬁg%Eﬁbr nmore radially’

ext endi ng hapt i it isyg posthersibjacc dithe preseit énventimsto peavidosteichsdrpgalizable he optic

| ens may be. .any .shape) |ncludin I.ano- gonvex, . bi convex, .convergi.ng b

ron scu)  SGUER e st e s tRG SRR e AR b OB Bhaped.
Broadl y spsakidiched 6 1G1ED MM FIIB br Blhddsiwificla&sasliiad Al stahiRnt thipeihtired hod of
the present invention sinply involves stretch crystallizing the elastoneric

i mpl ant at belawineppdrbady feannesaire, andayhieforeassime dpjr prensiseiekreryslellizedishape.ect | y

I nserting {0g,dehof .icialrwaf":’a@{eri'[s' Qvig'xirtl §Jc8§&s atlel 6 i}({)%]gﬁﬂl{t}ﬁé’d ﬂ?&t{h@'@ ¢.S body

For exanple, alter ing crystallized- to firma inrelatively
rigid rod, the inplant my bSUMMARYODETH/INYENT$ONgeon with forceps, or
other simlar apparatus, and inserted directly into the body through, a
el'ati vel'y ot he6Ah cbef Pl LRE At Tk ot dapRe et B * o
exposed t 0a00¢iRRH apstidtud SMRE prkétt avediiéh wiich BarrapRIGOAASImpIRenseriRh@pésition
returns to its pre-stretch-crystallizcc! size and configuration. In an
alternative enbodiment) the stretch-crystallized inplant may be | oaded into
an i nplantation device having a snall-dianeter) generally tubular outlet.
The device is inserted and positioned into a target site within the
patient's body and the inplant is pushed through the tubular outlet into
tile; target Site:. If desired tile diameter the elongate tubular outl et
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I n either enbodinent, the present invention allows an intraocul ar ghQuNE 2002
inplant to be inplanted into the eye through a very small surgical incision
that may range from1l mmto 4.5 nm QOher objects, features, and advant ages
of the pres¥@99%498§ention will become apparent 5 to those BRI/PFREA3H the art
froma consideration of the follow ng detail ed description taken in

conj unct i onstrelch-prystaiizable clefopnable meglicdl imglangsntovaipatient’s bedyt lmeesordaycewdth of
exanple, t ré nei nt .nvent | in,the context .of an
ol ar y. e iR S5l of 1 LGP B0k B RO BRL s TG Risnlh o

whi ch can iarecfotmid fenasdvelnEbconpatblé stound-crRiIlIERb DESSRNET) (obfefably TiiEordRAW NGS
10 FIG 1 is, a perspective vjew of an exenplary stretch-crystallizable

i npl ant coﬁ‘f"ihg’ﬁ‘?”éﬂipgy ical propEes yaiG- 45 ¢ eéﬂ%ergﬁﬁ‘ﬁ‘;gérﬂg“f 2Ot 051 r@\ﬁ'z 3:051’/": he
present si n\ueBichien YorMHidhe£mbiasd-Yoint! hakschilantdy8ls ik 141Bd KRl GRAAHEPSFthgur ation

of the inplant, FIG 2 is a cross-sectional view of the unstretched

exenpl ary isHgrhedimaleslanstairtgrrg s Agesolt, aheyrargrpagable of stustepmgandydgfarming into
perspectiv i . I = | ' t he

D caont i noanetl Yasly HnRLARE OF/ ko8 CHvIRlel S @pd@s BelbBRb AR b8 oot

t he i npl anttgmpera@ire, it iemperawres sdhchbant nod salowdseaboéxpetmvestr défiattad reageop| ary

I npl ant taken al o | ne 4-4 of Fl DElLG 4B s al ternative

Ccross-sect F%hvgq( W/'lﬂgvé '5F mt’ﬂi%mesdt {h&s%#%h(fg’e}%%hﬁ{ﬂ"ﬁlf'{}g P%ﬁ%%ﬁta]i‘é'%%ang(ﬁn eétl ong line
4-4 of 118l Gcaysinglths implahts t@revov@ntheit ofigin yiResastdp&NcdiXaity) lafd properties
stretch-crystalli zagl % Inplant in F\l z)tpr etched and stabilized configuration,
par ti cul ar Imegiptefy plterbeing expesqddn nigher POFLIEMBFEtESur e i n accordance with the

present inventi gfuccdrbdace Rith aleaea\éiuﬁ%g &ihe’éﬁ?@seﬁﬁﬁveﬁﬁ% BE BRI @feYch-
stretch-crystallizabie inplant of FIG 5, 25 illustrating another step of
t he i npl antcafsiabinabls dastamsrseare formglatpd fashaye pragtigab@ry st encliipg temperasienthrtar y
str et eh- Of Yad@lddidetbfindd DRl MaciBnersh CoBatrekdtl Rlaf kA BehelahefPleBbratufst N
unstretched configuration after 1nplantation and recovery of 1ts original
conf i gulsat iiwn stable spdlyistisern copfigyraions esvenfh@t, @niaicat tinopgicdewith owramalvi ew of
i g' g[‘ggeiglﬂ MegE §,fc8‘iﬁl?nrg dée”B#eﬁ;ﬂéd D1Vl §cEraROing Ff b {3 &Pl ant
stretch induced micro-crystals which function as transient cross-linker-like “fillers” to

molecularly bind the deformed implants into stable, yet reversible, shape-frozen configurations
These crystallized, shape-frozen configurations can be maintained easily with simple cooling

20 which allows the implanting surgeon to manipulate and position the implants without special
tools or cooling devices or fear that the implants will prematurely “melt” back to their original
configurations. Medical implants formed from these stretch-crystallizable materials solve the
problem of providing practical apparatus and methods for the implantation of medical devices
that significantly reduce the size of surgical incisions needed to implant the devices

25 In accordance with the teachings of the present invention, materials that exhibit stretch
crystallization are beneficial in any application in which it is desired to implant an elastomeric
medical apparatus through a passage smaller than the implant’s original dimensions. One of
the primary benefits in using the stretch-crystallizable materials of the present invention is that
the materials can be stretched and crystallized at temperatures lower than body temperature

30 (approximately 37°C). Further, the medical implants formed in accordance with the teachings
of the present invention can be implanted through very small surgical openings directly or with
the use of small-diameter, generally tubular placement devices to provide reduced trauma

access to target sites within a patient’s body
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Is a diagrammatic fragnentary cross-sectional view of an eye and an
exenplary inplantation device, illustrating a prinmary step in an exenplary

i mpl antati on procedure of the invention; FIG 10 is a diagrammtic
fragnentary cross-sectional view of the eye and the S exenplary

i npl ant ati YO 8¥49Be, illustrating an inplantation step sUBNSAFIENIN% o0 t hat
shown in FIG 9; FIG 11 is a diagrammtic fragnentary cross-sectional view
of the eye andThémovebcompbsitignsiampdsasrizied iopladevnd methodd af sher presentgnention

i mpl antation step subsequent t hat s .in F - 10 FI G Ais a

di agr am"ra{h?‘f:e T 55%%#@%‘:% rlgtrlc(gs? gg%%’éﬁf%ﬁgﬁa\{\@'is%%ug{“ %eﬂltjalpdé@é‘egﬁ'ar The Bxenpl ary

i mpl ant at iegdingle; VieGaretchlctysallizabld ddtonteric mpkaials atel bistomp&bledndsforbiizhl t 0 t hat
shown in FIG 11, FIG 12B is a di aglr anmat i c_fragrrenétar,y cross-secti onal

vi ew of t REPESRS asgfarmpuiatedto b optcally Flgds vt alptively e febiertive indiges 3naleBoms t he

i mpl anat k@ho® ofdke dabdrAhiAkA ERs | NBleBWr, the elidtrerd FrelAmd G sHRGRL | Ve Vi ew of
an assenbly for shaping or configuring an exenplary stretch-crystallizable

i mpl ant  oformmlatipn wexhibit stagtetnerywallizatiomatderparaturehincussble ranges selative bmf i gur at i on,
illustrating I | lo | , 14 is a view
simlar tg&? ﬁgﬁéﬁﬁgﬁ e%%'?é fal%rl?;s(?nrag{&%ug E? ﬁ'}éimg)gg %%{%? Fgﬁoéﬁébe? ng the

i mpl ant | A7)t Wéhasismetre hhecalasgingerd drg expable pf significaht eongataomdviReeitthéy 15 is a
cross-sect, onal. vi ew of .anot her, exenpl.ary .enbqdi nment, .of a stretch

Crystal i S56I PmsahensiBaTorst g b e rmapoT R amel RO R ance wi t h
t he pri@segiysiaR\danid @fdtchinr WhidniEE dofeatdredy Fiftdlclal filikls. FXENELARKI EMBORLYENTS

Referring nore particularly to the drawi ngs) an exenpl ary
st r et ch- cPYEEhTerPERPrdheRiieis! comfgtations hepptebgy|lecksaeneatignal. apt-ant 10

produced ist'?eté?a%%{s%%&@d%n% tghleE BRnheaeMhmassih foleiReRIaMN ih BN&QI'(! on is

illustrated in For purposes of explanation and w thout

liniting elheomesplmpsitantin mshisgsesovérnvaerigishimpisnb parifigwrptiongoleunt at body s
Lt s Y s LS B ASTRARY ) . G M RARRALRS o1
ar e cdit enpbtatliedioa senfperangesahgingfrothe-18Q°6e S07C irdeeqoivasg eerbperatures ranging

from 25°C to 50°C.

These materials produce unprecedented implants intended for small-incision surgical
implantation For example, the implants of the present invention are capable of being stretched
in at least one direction to a dimension that is on the order of 300% to 600% its original size.

20  Thus, while the volume of the implants remains constant, their three-dimensional shapes can be
significantly altered into stable, very small-dimensioned forms that will readily and easily pass
through very small incisions or small-bore implantation devices with minimal effort. When
implanted through an implantation apparatus, the stretch-crystallized implants do not exert
significant elastomeric force against the internal walls of the device. Thus, only a small force is

25  needed to push the crystallized material implant into, through, and out the device into the
target implantation site. The stretch-crystallized implants of the present invention also exhibit
recoverable deformation within seconds after being implanted and exposed to normal body
temperatures. This provides the implanting surgeon with immediate confirmation of a
successful implantation without the need for complex, post-implantation manipulation or

30 techniques.

The present invention is particularly well suited for the production and implantation of

optical lenses and implantable contact lenses into the eye for corrective purposes or for

replacement (pseudophakic) purposes The exemplary optical lens implants of the present
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,30.invention as wll be understood by those skilled in the art Tho'§§ "
skilled in the art will also appreciate that exenplary |ens inplan JHINE 2002
be optically transparent and possess an -9 SUBSTI TUTE S| 1IEEET ( RULE 26)

04 JUNE 2002 WD 99140877 PGI/ USQ@ 030|9? ﬁr‘ b ate refractive lndeg to
funct i dAVELOY afGlogmedgpailocominile *LE ot ‘k#dB'éPt“r gaNgPE S dreREint i al
to all §1lm|n@@fa oRTeRAHE $0hniel uﬁlg&f&r%@@@letl?eﬁeSé?ﬁgts%??lm rﬂ@?en?fnv[ﬂhfqnﬂffﬁ@m

i nvention Exerrp ary 1 nplant formed fromastretch-crystal

el ast on%ymwbzhnaﬁ obwhatdf kihdven exbanHas yin $ hoooner, eosipaaandthe (3 di scussed

herein en stretched significantly, these novel el astoners form nol ecul ar

or " mi cFidugiopepyl)siloxans|is apexemplaty £i5/tvasisyatin rghzemuﬁ@mamvgomxatms4<i/%mthose

of thei stretched states due to the, now ul ar._orientation of
Che. ot r Lo0flahod etinabint S eiBolibet Wi AN st RS oy R hEPL RireSioeiii !

i pl ant ;R llﬁtﬂl ﬁﬂo:”ﬁﬁérrﬁkﬁh?%l%’"&flh%%ﬁh QMY ANADKRES) mnofié lik@nd 4B
illustrate the inplant in a stretched and stabl e shape-frozen configuration
whi ch f bexiaphenytogeloirisfoxameofpe resatting ekemplanytpatyingn haha og@poathmo&fm 160%

i nci sion. Tf;‘l})Sf skilled in tEg arf W Ié},a@pre iate that si gni fi cant
degree B¥ 1007 of Hiaila gunonige pi aw;ﬂ 8 fINauE &icsldr BoRpmet: yElicéW PYOMIGn Thi's i s
conpl et elI dyn btdﬁu%ln?ﬁl%slm?\ub ar f)ﬁ def Hcan? llaﬂthalljunan(}ﬁgub ih foldable

II’Tp| ant ecause O e unl une

propert imactive e &d ﬂﬁt&di‘erfbff)l&f- ﬁh&mg ﬂQhﬁpa@ﬂn@ﬁerélBs@tfed tfds}ecdagmmg IOLs.
invention, exenplary inplant 10 is capabl e of bei ng 1 Srapidly and easily

st abi | | 7 omcalﬂmssmalnhb nuwdtc qoaligureil ps 81)1-sbzed dansbse moguﬂlagwtm pothevdrdéri n a
pr edet er j ned actlc er at ur ange |n whi ¢ is ea rk and
whi ch daglé"r% ﬁeuur DA " ‘ngrk/é%qﬁ.t’ﬁhﬁﬁ'f" r> b‘f'be{lwdw@ opae i For
exanpl e nppgnﬁrt}; EUPLEESHBES R ATRELA DR dr ANGGICERYS- A (O7-Mith b wifh %&.ﬁnd

fromte ratur 100C O0C’ Preferabl'y the tenperatufe range w
extend fog ?JmmabauEr tﬁlrcﬂeaqsmgmdavlgch mapmahid@Ghe diomad: mdiahe catuting hgtlicor near
normal body tenperature, e.g , at about 40C These exenpl ary predeterni ned
st r et chSunpPst dniciuzesn i O cseatsecional shanc petipepte lsrrwesmnﬁy dmeslawm inghedingyi t h
sinmple refrigerat UId nitro mTesng
ol ant PROSTEATER PEahis fRyrae RO RSy DB R PHRL on
t enper abpd BAlodh@halet!! | zed Wil | depend upon the physical 25 properties of
the stretch-crystallizable elastoners utilized in accordance with the
t eachi ngs of Rrixellpspesking, dmwearitodomnt Al thurbeciaat! iepkoplian matlewiedf 1bé | | cone
el astoners are di,sclosed herein with unjquely formul ated

st r et chPGs§Etiayenion Hnw it 8K ssayt i s MEE*W@: YRstsioniericdriplapy 3 as‘ﬁ'i“t’%!“é“ for
f f
t emper A SrauiftodRl BRhAeh e SE PGP RS ENR ARt B AT DrER

FI GS. 3sitdfithinch ;ﬂﬁenﬂ_hlﬁh(@o T&ir @Rahpiz aiicoBeif cysalliagd tol@rin 166y shialrdlataet)
shape-transforned form mag be acconplished within a few mnutes or within a
2]

f ew secoigttkrodf thedinplgnempobenanipulated baphﬁ Bigdoatvel iplosekys comatherdsiniémper at ur es.
It should be noted th%%donce

t
subst anePEATRYS g epeRRuURRay|8odhs bod Bowih & FRfeanTar ssiod iihidonsPace
Cool i ng it ik bEEE hCinpintils!dxpEL i TRbAR hody temperature, and, within seconds, the

implant returns to its pre-stretch-crystallized size and configuration.

In an alternative embodiment, the stretch-crystallized iinplant may be loaded into an
implantation device having a small-diameter, generally tubular outlet. The device is inserted
and positioned into a target site within the patient’s body and the implant is pushed through the
tubular outlet into the target site. 1 desired, the diameter of the clongate tubular outlet can be
sufficiently small to enable the outlet to function as a puncturing cannula analogous to a
hypodermic needle capable of forming its own access pathway. Alternatively, a small surgical

incision can be made wtilizing conventional surgical incision techniques, and the tubular outlel

can be inserted therethrough
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accel erates crystal formation within the stretched inplant and sta
the transfornmed shape nore rapidly. However, cooling is not essenti aI to

the practice of the present invention as the stabilizi ng crystals from over
time as long as the inplant is maintained in the defornmed, shapetransformed
configurati WeMMere stretch-crystallization occurs 5 Aft ePCTE39%g308¢ abi |l i zed
in the stretched shape-transforned, small-incision configuration, as
exenplified in Ikkier apbddﬁmﬂnanhe p]r@sentamvebszoxsalbmdu intraconiap Ens @gplanoto be

mani pul at ed sur w t.h.a m ninmum of di ul t d

Wt hout -1 cpafigdines (RGP hrcigh B SR Hisicht ReloBi Bhmey oty o fo 23
configuratmmn This greatly facilitates its inplantation as taught herein.
O equal inportance, inplant 10 is capable of rapidly recovering its
original unst r &¥ther objegtsifeatires @erl adyanseges Phie REasenh Inyprtiop MIlkaceme apRereRhl v by
al | owm t t eIFRe tion. -
Thi s oggurtgm\}est lxéas"ég%r? S ﬁgﬁngﬁgﬁ?(&tl on f\?\nﬁé{ﬁﬁ%ég&%gm li)"ldalmg%g ?rgn by the
i npl ant i ngcosmnqworwifhhh@acsmmg dranings ¥DBMillusttae; by wap bf extampbr thgi nal
conflguratl on. an s . ncludes. recover or| | . sjze and
shape in " e E‘? g%tgdp"r%geﬂsﬁngeﬁgm a tﬁe e gognex 'B@T‘Xﬁ@flmﬁ‘():l? ‘ﬁhﬁhg&e of

ref ract i oreqasity relptancwl otledr anplarys \blliiclamorrdiﬁileﬁsmnhﬁb fpdttongr esent 15 i nventi on,
the preferred nmelting-point tenperature of inplant 10 should range from
about 25C (slightly above anbient) to nor rral body tenperature or about 37C
Preferably, the el astoners nt 10 is nade are
stretchable to a stretch- crys@%ﬁ con ?V(G)FF]&S?O a dinmension that in
at | ealt one dikiect lscarperspecaVe tieasf aredaaupla@&&%chbry&am%b@nmptaarcohﬁgmm he
original, unstretcheﬁi nSlOI’l cIi:or exg l e, wi,th exe I.ar ZIﬂ,él | ant 10
confi gur edSA8 NfROGUAr %'BHTH%W"‘I ArRydange WiR Il Rreseirventiop, rly s nmay
have an emmktae’t%eglbmg@{o,{mﬁe et 9 nmand a central thickness T of
about 4 5 nmwhen in the unstretched configuration Wien in the stretched,
rod- or bl ade- $h&pkl 2 cKasipqcLionsbyiey ohthe ypfireriiedeiemnlary implapiiekep@lopgyinpayve a
length | of abepfg 40 mMmto 50 mmand a dianeter d of about 1 mmto 3 mm as
shown in Fl G 4A FI'G 4B shows an alternative bl ade-shaped cross 25 section
whi ch ¥ay nmi m &Fl@hkis siparspective vievs of e exemplany stedtabrerifiallizable ondans of they one

di mensi on . I I nts nearly a
350% i ncr ziésgml lﬁv %JI n@ﬁ%uﬁgat&%ﬁﬁggtgg 031/13%9 %tﬁ"toiqlghg%g%ﬁ/éi ncrease) | ens
i mpl ant 10 expeH’[GeMce& ceoss-sdrad@hviealof dectreabel dxempliry ieglsdt takes alohdlkine

di mensi on. _42 hﬁgzs’exarrple froma 4.5-mmthickness T to a 1-mmdi anmeter or
Cross- secﬁ shown in FIGS 4A and 4B This decrease represents about a
75% decrease 3@FIGME RiasitethaRE SR secliBrabyibWRO tHe Aétkhed ekdhhpiardl BEflAREReA O 2
near 1-mm di mensi on neans that inplant 10 can be inserted into a patient

t hr oughP arplngdingfort AFI€H3.i s relatively smal|l when conpared to that which
woul d be requin t { this
exanple, the i ﬁ‘?agnlftgat\ée(%(lf?ﬁ% %aggﬁﬂﬁ%é}g’éﬁg?&&& &%?rflglllzgﬁ? &;ﬂ&lﬁgﬁg{}gﬁw
rod-s hapechn&lsBE‘iTil' et dbafigukibbi, paRidulriP Bl)stratiog an] oipEanfafioR praCedasd id @& prdance

PCL’ 1U899/0 0 0 configuration of FIG 4 nmay be | ess than about 2 nmm as
opposed t o ?éﬁ‘f@g *PR%n 9-nm i nci sion necessary for the inplantation of

the unstretc hecno ngis aviewldTeeeeys Kid d@Rlplary stleRthahistallizatle idPREESHIAGES,t hat t he
vol une_of the inplant remains relatively constant between the

st r et chr- criljestrating anather stepgidheimalaaeemRIBCdYrs i gur ati on and the ori gi nal
unstret ched Comibors aiidr ke il BERRIRA MeRRld Al ANRIAL StFians( he anount
of stretching that can be inparted to the inpldnt because reduci ng one

di mensi on ilkstratingthe lnwlannmnbelsesetahedlced@urame afierhimplantAtgonaand eavery of ifs t he

di anet er d of the length I of FIG 3 becones

overly |ong® "Ial:cot“ﬂ%ur%téé‘ea”@fﬁyé‘ﬁa pﬁ?png&?éul ar lens inplant 10 as illustrated
in FIG 1, streiGhs #g ctdiesdcatifl 1iew offiCimpliintdtiof @8/tetfor iMpRntinatr sreped | npl ant
configuration th is top long 10 to fit into the intended inplantation
site wk h.w%w&a@wm'mﬁagt eP%?P“'”é‘"(‘,’?JH’\?Entl onal 6-mmintraocul ar |ens inplant
wei ghi ng approximately 20 ng, the inplant can be stretch crystallized to a
shape-transfornmed configuration approximately 20 nmlong and 1 mmin

di aneter. Conversely, for a full-size intraocular |ens inplant wei ghing
approximately 160 ng, the resultant strgtch-crystallized shape-transforned
inmplant wll have a length of approximately 20 1 S nmto 30 nmand a
corresponding dianeter of 2 Mmto 3 mm Stretching the full-sized
intraocular lens to a 1-mm d§ n inplant nearly 160 mm
| ong which could not be inpl antedﬂl(r?\t%) %lﬁ; G clﬁé@urally, for inplants
|ntended to be p05|t| oned |n ot her Iocatl ons W|th| n a pat i ent S body, these

o T 1

%002



20 invention is its functional inpact on the exenplary intraocul apsljgR& 2002
i npl ants di scl osed herein. To date, full-size intraocul ar | enses have been
difficult to inplant due to the relatively large inplantation incisions
requi red. TWO®LEITIi ated i npl antation trauna may of fset tPET/UsOIEEd
advantages of the full-sized IOL which include elimnating decentration,
tilt or m sal i gib@mtis efliagtammagaEagnpntagutrogg-secrjpha vieat df @an eydoand we exemplary i zi ng
t he teachin St of .t hae igr%ﬁgtrgtt. i nvention a 25 ful { - Si zg tI OL can nowa,?

i npl ant ed (AP BUGHP YRy S HAINE 2P R PA™ ARTIEHBrAHTREMBWCD MRTA S ST Mehi s

uni que advamteagen; of the present invention illustrates the rel evance of the
exenpl ary |1 OL enbodi nents as exenpl ary of the unprecedented features and

advant ages of t K& iVEhdipgAmmey fsmentaryrcsossyientignal yisy ohHE&YStill ng of the
exenpl arsy, eQ@fpthiyFhpthdistiondeES iIRbtrdthg ad flpldnfRbARES s BiRGeR eLMa 86w [y the
associ ated broadly applicable nethods of inplantation 30 provided in
accordance Fi5t% the teachings of the present invention will now be
illustrated wit f -] 5-7 In a broad aspegt) the.jnmplantation
met hodol ogy of tib' %%qﬁsgeig%a%‘ﬁ\z}%nﬁénﬁmfa TUFELHp 't’fleVlg‘lvrcr’;?;&é3 3 ae“%sfheof provi di ng
a str et ch- exysplady impabiteon dsvieg dluttraing oipidbtation stp) aubtequatt kethstshown in
crystalli zil_ﬁﬁ Ihe inplant into a stable, small-incision inplant

confi gur at i"oM; %nd -12 SUBSTI TUTE SHEET (RULE 26) 04 JUNE 2002 WO

991 408716 PCT/ USefd Q38902 tidg@mbafidfridhRnialy @bSRedioNs Valldrardyé maltant through
a small incision in a patient's body. This inplantation rreg'hod can_include
t he additi ¢xemplary dpplatatiosdeyiery illupeatiag protmplantation step subseauent pthairshowmin nduce
the formatigg F‘f nore stable) stronger, micro-crystals by accelerating the
stretchcrystalli’zation process. In either alternative, the

st ret ch-cryst al FIG &2B smedidgrimmitsifmpmempl amiss-sotidnagaevaci theefand e i npl ant i s
sufficiently ri,gid gnd easil. i pul gbl.e to allaw the i.npl anting surgeon
Co di rect | yeriRdh imifteGRsuts TGRS Reatohdrdne thi Bl e RER o) I her ot on
into ansi npl ant &1G.aB i ap@sectbietviewbflahiagiehble fabdpiigtor Solligiing dreRemilay Y

i npl ant 10 may be ss,gﬁched andéeor squ_eezed into the stretched, sma| |

i nci si on coHPcleaRligdiadpriptaiithe RrasspidTNeatendtow SR chreystalliped; capfiadmtints, such
as forceps jnRiatiig tRidsbdnitl SRPASiHABInP Helih@is; of the inplant away from each
other. Preferably, inplant 10 is forned of a material configured to allow

t hi s stret chi ngFadiddy 2 v smilantg that oEELA S illustratingahqassamblyaftengaping hisi ent  or
room t enper, b1 configuration (e.g., as shown in
FIG 3), | elﬁélullgtﬁr%f)ént ?r%t(gh E&gya@ééiéogﬁ%iﬁggd&?n the smal | -incision inplant
confi gwat i on sFHpIL ibycrhetdttmgali iyt effmnother exemplirg esbodineioda poséhti on unti |
stretch cr 2 tsghljzicxt%ea ltn% ?al}])t ha%x 1r§d era%cn%(raa%glqart]gnstip eccgr%ianra:te v}itkll)l%e trps%nt ransf or med
shape w || Pnral nICer NS process may take several s tohds to several
m nut es deperaiidglg on the materials, properties and vol unme Because stretch
crystallization actually raises the nelting tenperature of the crystals
above that of the non-stretched inplant material, the intended stretching
conditions are bel owgyl i i i i ..l cool the
inplant into the stggﬁ?@ﬁ?g@%@ﬁ%@f%ﬁn@(ﬁw&ﬁFg@?g |%MRJ§ Preferably, in
accordance w t hRefesirigeaat pargauloly to ke doavasgsnin éxamvplatyisoetch-tiystalfizableland nci si on

i npl ant__configuration wll. be nerally e|longated with a circular,

i 11 pt 1 %al SAPeaoaRA st i GO PRt TroghedL PSRk i e SRR oEh 45 as
not ed abov §yeséitadiehtichal ill0fira@ld i PEGS 1B ShF& piBioddsl of 2gflhnaiiainad Witdaf or med
i npl ant may be accel erated by inmrersion of the stretched inplant into an

i ce or coollimjfifiedhe saPhoRihe RIRSHEPVIEO® exerirlap EvRiant 1 displstehasge imBoaid about
4C 0 N |6 iRk AR WA AR st dTRE 0 prcky h@flh 7£mblR cbfig o7 Y5t al | ne

stretched configuration within a short perio , I's exanpl e,
about 20 seAdlerugvefuntiioniegarts areceftenpmedas bwinglv@hinshe scopé efithe drésentay  be
Inserteg though i NGHiFbOMhatdRd b3 Wose skilled in the art Those skilled in the art will also

appreciate that exemplary lens implants must be optically transparent and possess an
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sui tabl e nmet hod. For exanple, forceps |I 6 holding one of the ends OQfJUN@ZOOZ
stretched inplant may be used to push inplant 10 through the incision.
Forceps 16 nay be cooled to a tenperature 30 bel ow the nelting point of
inplant 10 to prevent inadvertent warm ng of the inplant. As nmentioned
above, inplant 10 is substantially rigid when stabilized, which enables

i npl ant 10 wosyeswasi |y mani pul ated during insertion. As EITWS9H309F G G
when the stretch-crystallized inplant 10 enters anterior chanber 18 of eye
12, i npl anappidpriats refrabjiveandex o fyoctivalas bpdy Hée8evetJBESE ddditonBhickpert{eRatemoR 6)

i.t hi ) . di 1l .
decrystal | 1ot BB Ee b Bl VeI n RIS GR prsb R ERYeRal 1 zea

configuration. Bléhplary idplendss fofmdaeidiga fttdtdhycr)stdiesabie labtBiner ®¥ieaslohe 08S Shown
in FIG 7, inplant 10 conpletely recovers to. 1ts original_non-stretched
conf i gur at 8 AXERPlant sifceneeoaipepitiers disgiseed herein dWhen Bisiched genificapipthssch as
posterior cRaRlomé fofRPhEIEdld Ir AR L Grelrt Gystdls Wik ré&t?v@l?!ﬁ?gthbﬁ’rﬁeliiﬂg’do‘?ﬁ ation
met hod enbodiment is illustrated enploying an inplantation device 22 to

pl ace i npl than thew of theisypastemchedstatapdugty thempvaigredinegiecyley paentazien pfidk udes a
cannul ar p [ 4 2 Bl. ncl n end piece 31°
which is sﬁ?{egdgg %}%Foé%glg\siecfmvr\,i&?%?ﬁsc eg\ggéfrﬂﬁgg{e e@%ﬂ%é’ﬁﬂgﬁg o 24 i ncl udes
an inner clhamrkelred 28nfignchtion) andFIGS 330\, ahdB dlustrat® tHedmplestan ¥ egetstietl Bhdr chanber

28 after being,stretch crystallized into an el ongated rod-or bl ade-shaped
Sl | - 1 nci SHUEERsoTE AN ATonAuSich afifateh Tpymeompicaled imBlEntp pa iaBILE ¢ | y

i nserting SlaleAckidnC Mysdeakilidin theShBbil appredist fHar b SRhiAht de@rdeoF AHIthidNs
incision 14 in eye 12, outlet 30 of inplantation device 22 may be directed
i Nt o posi t7esessay tchindpce seetghearyseaizadony s is epnapdesely unlikeriy Bmple.docalizedt he t ar get
site. Al te&e@&h{m‘(&'&(ﬂi %dhﬁth%lﬁ&}ﬁé piddfs cannul ar portion 24 may be configured
to be relatively smaf SO as to tunction as a puncturing cannul ar anal ogous
to a hypoder m dBepaeelbfshe wqusiyclesigred andifizertupek ghysical prbpersiecephbitetad f or mi ng
its own ingcisihon 0L access t hway. t hr. h ti,ssue t eb i mnating the
need to cur SR HeaRRaE S B LAY rhOUSL bSO BNt TeBB: [ on 24

may belXoodagidiylaed easiiy fisbilired mithegstabtd, pét refersibig) s@dtthell Qosizutdioh ovithiiant ai n t he
inmplant in the stabilized stretch-crystallized configuration. Cannul ar
port  on 2PFREFrENES PTG GRS HOH AP igH S CLBORABPE PG | vel y
warm body deguiRakadnsiv@ediprichor priteaitt Abintihesih t Bortthihple tth€prefadéraftledi s pushed
frominplantation device 22. Maintai ni ng_ inplant 10 in t%e staobl lized

st r et ch- crig@pypiureFangesey e fmalpied ko prenddipmstemperaiuigs cAmt 0 Esers®,er t i ng any
out war d f oeReBfy thd temprhbid e GHRBRE £ i I force i's
required to ptrJas tpI uﬂg%rtbzég{gﬁto cannufo?rﬁggwi?%wggégt%ogﬁgg’ forrpl ant 10

f rom o2ft | elempeatures at grawartriotmel hedyt thapératpteans , ataabgett408C t Ehespexamplane| ast i ¢
fluid suc i T Phar ' e er 28 to
pr ovi do. | et e Bl IR TR o Y maFo R PuEyRfE

punctur e ireSigeationliqas sitrpgdnhiiguyd 00,, ios sisiplyjbly ymmnersiag ireglartt B0 @ughicebasinad ih
surgical incjsion, once cannul ar portion 24 has been positioned within the
patient's BGUY* Wi th outlet 30 directed toward the inplant target site, as
shown in FIG XOpicHdiiREetystflizatfontiEifferduefe ulifded WaIREMhAipRd pr9ficat4 t O
urge |g;fp| ant 10 into the target site. As illustrated in FIGS. 9-12A the
exenpl &ty Rrapayigs othestreteh-gryigallizableslaptomersyaligsdrin aqgorgpnesyrthitbe wachingspl ant 10
is a full-gi i u i : tively,
where | mpi SRpeTs RebRER A MmboP il ovel st Moo e BRI RERR | E

i nt ended twitl emaelydomiutateal spetshciyomnllizabld temperatofes irhaking dteor pitidulany swhablehe eye,
i npl antatigon.device . 22.makes it ssible to deliver the jmlant to the
Larget oi (8 Tk GRoEH FERYTE al R BR Diedh arsPeffd st ial ERpRabettm o 4
i nci si on NQOTol 25°Clsiftechast bk smalllindisidnabAfidur 4t RADYFRIGSS3, wANgdeBsarg for the .
i npl antation, of an |nplantable contact |ens. Thus, nothing mpre than a

si mpl e3hunitabilizationof mplantdf i rystallizsd shype-tanstormee frmapay be perogwigsddiiine t he

passage of, fRRhiAfREASH il GEeohds dbkiRe ERRSEYS tké%;%ﬁ@%é Fbietefifinéd T €SUI T,
1 mmto 2 an

i npl antation incisions on the order of e achieved with

t he presenemperetaresi Brshoulder noitesithattonpesstabitizbd, theagiastammpd remainysulbssieatiallytrigid need
for post inplantatd on suturi nd_provide . the inmplanting. sur n wth
practi cal ag@ éesqgsstglmf@ ’nsartetl‘:i\;/%)gegf)nsélluﬁ |abﬁ%j s%qhg%grle Sgrg%:e'sCQ’StaﬁrzeedéP\% f‘?&l nto the
posterior chanmber 20 of eye 12 or corngal-scleral access to the anterior
chanmber 18 or posterior chanber 20 as shown in FIG 12B. Again, it should
be enphasi zed, that intraocular lens inplants are illustrative of the
principles of the present in i [?ﬂh ended to limt the
invention to intraocul ar lenggg&g@gﬁgg%@ er n%?é)ve met hod for stretch
crystallizing and shape transformng the inplants of the present invention
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WO 991 40877 PCT/ US99103090 Those skilled in the art will appreci abg JUNE‘ZOOZ
the stretching of inplant LOis not conpletely uniformthroughout the

extent of the inplant material Thus, diil'erent portions of inpl ant 10 will
be stretch® 9087 f feri ng degrees However, as shown i n FPGASYNHEN
projecting guide 42 of conpression plunger 36 has been conpletely received

i n recei visneplasdtestcr@yl farmptiomrwithinathe s;rmhgmmfpﬂanamdl syabdeéxihmdmfmm goape

el ongate, bl ade]d Hor“(/)g sha)ﬁ)led srrta tqﬁéﬁ‘ { f nt u‘ratl%P Merel y
hol di ng H%cfr 114 H?’O Nt s c%tslno urat e eIpracr’ceesou pr%se Yt On of

st ret ch- crsyabliiaing cmﬁds fivanseraine asucatglal; theiimplak Gavelsintainedinnhe dbﬁorﬁm ,&hapal of

inplant 10 faq gg stab e shaFe tran forrred stretch-crystallized inplant.
Al t ernati \}’é‘F§fI"‘}? priiggraden wheh Y Slt‘t IZaUOn QFSY"Snt 10 wi thin conpr essi on

jig 325wl aCQﬁEﬂeﬁfg&ta@iﬂﬂedﬂﬁh@@&&cﬁdﬂlsﬁap@ftﬁﬁﬂ&@ed1&1a@1€l‘]1§1d?|g:oﬁﬁ’gizr&t%n
acconpl i shed thr ough_the sinple imersion of the conpressed inplant and

conpr essi ¢f ¥ ‘@Féis‘éﬁ{ﬁ’)? intplat 1O b stokrgh tiansporiedy QFUBANIRYIatRSIbY 2pef ri ger ati on
In the ex W i and 14)
nol d cavi ?@Blﬁ'g[rnlgs onf i gure %un? veagﬁgggggh(gjetzéfgﬁg C]tl %‘ﬁ@ @S(JS’?“W dth m
of 2.5 mmstetch-eystallird canﬂwmybh Tlangleatg' fhailgape s implanwtiéOasrtmghiliergn. Of

C ot e ot A 5 s B BR P GhBhbP Pr Fh GRS ¢ v
alht elr SEE, [ \benﬁhu(l‘jﬁﬁaﬁ h:m&loms bﬁnpl&tl‘jﬂ amia\eldg a% naplpmop :Wa&ﬁ & bolly téntpesaupell: IntGS It .
and 2 has TGS e} ehel T REHEA BN B0 AR B e 2 PR RER SO ¢ e
scope of ﬂ)?@heﬂfnﬁl‘éﬁtmg shp¥@NtTHY SubRar®igiyf 1004 BcdvBS Jf kg brnfnICiestihigatloR ARd

el ements of the |lens inplants in any of a 20 wide variety of tical |lens
conf i gur atrensgics mpluesi rﬁ@vw@ﬁthp pgﬁﬂalﬁ@%m shg)en@@lhgrr@rdlmwewemf

functi on apobHidfitiudlstitex BNSHRABA nclokied Bk Y 8y stcmnc%%ath'm@&tsehﬁns shapes
or configufatfons nmay incl i convex, pi ano- convex, pi ano-concave, or
concavig- ccmw:etmnothe pmﬁsrad um:ttmgfpoinnampemmret M@mﬁlamfwcshmlmange $dan bbout ASChe art
O her aIt SS- sectlo |, 1 ens confiqgurations are also within the
scope of &%}f %eh?m VRO ?gfﬁjgtf"—‘[’ﬁef%‘ér?,or g‘f"t“ﬁ%tgh exenpl ary | ens inpl ant
10 is shovvn I NPlefdably, tetchtomeRMonSWIEIOEdemBlaiyUSDMAER) iOmadd@Pitteichabletd 1S
cont enpl at ed aﬁ being within the s ope. of the present inventi t at | ens
ool et 56 iRt ST tap o SR B " e CoR O § & e

ordi nary skodslto 600% Eﬁka@t than e GRgiv Al PRBIrétcHR@RIn G SioM RS eﬁ&ﬁpl@%ﬂﬁ&d@nm t he
stretch-crystallizable elastoners and may i nclude generally planar %I ade
hapti ¢, [BBlantHysenfigeredss aniperocynlspsasishows) akaes. lcandéuthaﬂensmar ha§g8 support
'ho. soope SR o e T AR SR G B 1
posi ti oni nigstretehed canfigeragoni ﬁMhaﬂllmmalstrgattedsnd arblddetshapdd singlrincisi®n SUBSTI TUTE

made i n aceReHien PR PR Rt RS A BB PRt BTSG be

formed as abaltliaentshaped sh@maﬂmm IFI@s4B sm@lw@laﬁ albdnasib@WIde-dhafed Grosd->
Bal | oon i npl ant 50 has .an el astoneric, skin. 52 whi.ch defines, an i nper

chambe®® cSPREQR Mhich MaY firis the shprs ahaswigica)jindision Fhhisripreass/ inoge dimspsiopliome on
the order ,afmalfitferd? thorgBOtrhﬂn%ﬁgthalﬁ‘gprE@ﬁ@Eéaﬂ a@@O‘%XvﬁBré%@é in¥hill@&meRdon. Ndex of
refraction preferably ranging fromabout 1.3 .46. Exenplary ball oon

i npl ant 5EonayTepdy with tiscHObripaease.ll¢ns euplayy 1@Pm¢gatcpmswbstarmal dasrepsedn 8l ve
deformati r I f to FIGS
13 and 149%% ?,gllgﬁﬁ % e teactﬁetxg'%plg ip(t%ﬁgysﬁgggﬂ?{nlk%\e}gﬁtaﬂoﬁﬁ Q?J"E?&%r

pr ef er r ed ctdsaseceion & mnws k1 IﬁGSZMbendei eTlof decteam repregenissibaltlai 72 Abdeerease

el ast oper .. Alt rnatlvs{{o{ Ist:hn 52 and mnemgstonerlc tterlal 54
may be madbiBrmisghc "0‘"‘&’?9%%‘31 IS A5BF3C B 24D FERGTGRPHI"E" i s not
essential ihplaftl® chi Bihieded Bio 4 PRIANBRBEH anl iRISEH WRIEh is AdativBIOSMalPthdd €d i n the
art will appreciate) the uni que functional advantages of the

st r et ch- crepEpaed tOzthwéu@wt pavirs farirapipitd 8 dnthe bpsyigishedoronfigedtiont Ihossi bl e
to manuf agfucon [ldth'erm;!ﬂméltﬁp%lcli fb%eée?él@ t§9m£lgﬁt9hjeg§re?ch§m4 sh'aﬁ'éti' sionin a

pre-fille gUratl Is e
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the problens and conplexities associated with attenpting to infl algd AUNE 2002
bal l oon lens follow ng 15 inplantation Mire specifically, the ball oonwens
50 of the present invention may be manufactured with controlled di nensions
and optical properties prior to inplantation. This is particularly

advant ageous for full-sized optics intended to conplete fill the posterior
chanber norwals$byosticcupi ed by the natural |ens. Because t hBCT/US99/03090
stretch-crystallizable elastoneric skin 52 of balloon inplant 50 can be

si gni fi candonfigudsfoarofiBI Winidydatess ehan hbogt D mnpsrapposed to the gmarathand-nicThe 20

bal | oon | enses of the_present inventjon can he inserted through relatively
snal | inci‘§?'8ﬂ%“"\ﬁf5§?ty£‘§htﬁ’5’8 Eé“‘t%&t‘f’et%“ﬁg'iegéﬁﬂ’a'ﬁerformance of the |ens

Wi || be appropringieaskiied intthearP@iita) ? tekidde tlﬁh@tHe%hﬁte'o@Mﬁ|1M§lﬁ'nt%rﬁﬁxﬁsr}@lﬁﬂl\)éﬁfl y) it
is also contenpl ated as being in the scope of the present invention to
i nsert bal $oggantbetpgershe Ftrﬁtethcremiwdoﬁhalzfetrqnatoeapdcc@nﬁaugmoatambtbe rginal, a

cur abl e; el Peri; esired
final gsonfl?g{j%gi% ?Sﬁm‘éég%ugle lt lg&%:g <'§11bf?eall %lrsttgarr"ﬁr?%? %r%@hggtslﬁgs@%e%ﬁ aetg Wi t hin
t he bi ocongabr herted wehomplantbeskisa r@zc;mg bee dlmstsloome@ssaotyprhqr@aetsmngast

oot i1 | et BT Sk uh Rl R L b RIS e B EHRAR 4 o s

52 makes itecprassovidEiond rhltltea:atewfentdmoatwsmahplmQ@eﬂlumm@fnn Figher naterial
54 with reduced concern for bl oconpat i Bi it Thus, for optical 30 pur poses
‘ odrsha W‘%yﬂ

the ref r acHictrling tgdsns &30 mufhavill Fesplt iy ay st ﬁ%{f‘ﬂ‘l‘l‘flﬁ‘e&h%'i elrngt he

bi oconmpat i if idtd/1he m&]@émpwaﬁ@t kit mmab e rnid trh dbohfliofPEhAEt bet ween
inner material 54 and dy tissues or fluids. Alternatively, for

non- opt i cahtrtqepllaelmssmphme’rm@wgrappr%tﬁway Fhingghe implanycagUBSTeTIUTEBIGIEET ( RULE
26) i O PRS00 OSSO ECINRO803090 ol KLELEN mhf dhedl (o5 v CHT

a patient rent physicdl prop as Vi scosl

density ne@ortyersdptfbrm' felbdizevintraoquiad lmeuhpdzmnwetghmg apprdirogdppad mpj the t y

pr obl ens asi z at the s e and chi ngs
bt “Che. or ceuian HOe e AR R B P e BRiskibe o

i ntraocul aﬁmlteasem ad afceﬁSspbﬁmxtgadttraeterSofAemﬁtm e yStrehﬁlngghd:mn}mzedant of the
broad scope of t present j[nventi ogpr npl ants ma nufa tured in
f

accor dancemiacHat s 1p a4RP S et ioulProfuce mm&nawﬂ%tﬁq'am Wedidni que
known in tdygidadot be ifPlan@d P 1R eydV R4t EralP PEQARPladt MitenBrolbdPbafdred (Bdthdre cast,
conpression nolded, injection nolded, die cut or the tike. The broad-based
ngn uf ?ct urlpgagoryA # patigntatbadiahgse éf'&‘ﬁtlmisf%‘?ﬁ vaped posorgiebyi cul arl y iy
advant ageous i pe

exenpl ary | ensqe%‘gag?%dg%at%& E%‘ﬁ{s@ tt gggtl?g%r@hﬁ#gé%ﬁﬁgégﬁl?e ITB.EIEI’I al s of
the pr#sernventioreinits bmctznel iwpict abthe ekemplamsitiangplares mlmm@sqlmcmlim ur i ng

ol ant - stTRATS AL PR 8RS W RIS AR SR AR B ¢ o e
i npl ant's rmmlabﬁmtrnnmdxsoéqutrlae Theassorimeddi xmpiamammumﬂmaw:ay lo fikat mermhnded

o L™ L LB TR Bl bRy S Bl

t teC htn' ﬂue&he {éh? il'ollé\hg m‘iﬂﬂzﬁ‘lta{t@ﬁchb?mfer thxhhh%tﬂ@{t@%ﬁﬁﬁs df ﬂié?'ﬂésbﬂlf'hvteﬁtgﬁta
stretch-crystallizable portion o e i ants may be fornulated to

opti mi %% si%;F-éltZeIQ%?%}@P&’FHWEB!W%WM" YR smg"@m@r‘hmweﬂlametm RGO | arity,
refractiv , recovery
s ppr opr if bk sAGHREL Yeint il OGN on W AR A S LE AL ERRRA AL

el ast oner i enbodtnenis ak exeoiplanhef tROunpressdemtedifennees and rad\dmtagcstof tlecjoMentgon.
ctrotched:  Thi VT PEIESTRESERRH S et oY AEPEFTaPER SORRRYDE CHGe LRt (ol Iy
100% r ecoVIOLyinfants dBtibsedhe@in) the assdcitted broatlg hﬁﬂtcﬂﬁ@xﬁtétﬁbﬂs&ﬁ’ irfflentatidn .

particularly inportant feature for ht focusing inplants By tuning the
for mul 3 | gioYde %éccetqamee’ﬁthcthwe%h"rw Bre@restnt Svention vl payy Be Hiagrate Vt“%. s
possi bl e t@efd,BeoliaSe st‘helnsdtlfré‘-}dcﬂpe?ci \ed idHplanGabd H&h@&@og@%‘ﬁﬂe%s&ﬁcwery 25
tenperatures to those nost appropri ate for sinplified Tnplantation. Because
it is veryincolemnclidss tl@csnmzémiewsawfyrqywrm xitgird-onstalizahie shapadrapsigrmable s or

ot her i npl e t 0 l,.a i 0 i y be
pr ef er abl e"@ggtcgr Ehg % tzhn tﬁ?‘mg)?agﬁ%‘h% cglgbrlrgl }“8[ mEt?]p " lanptcon;ﬂélr’ftgﬂ?nh%nec{rtrt?l on
to stretch crystal I | ze or freeze in theaosmallincision i rrpl ant configuration
at tenperatures between 0C and 25C (normal room 30 tenperatures).
Preferably, the nmelting tenperature of the stretch- crystal lized el astoners

wi Il be correspondingly tuneggyh ﬁr tHlﬂ@f{R g@ body tenperature,
approximately 37C Once the stretc ed crystallized el astoners begin to iose
the structural or nmol ecul ar order |nduced by stretchl ng, the rreltl ng p0| nt

. o, . o M .. o, oy



04 JUNE 2002 19 the inplant is able; to euitiltlute;ly rcsu~c its
ituit-stictclr-ciystttlli~uel cuitli~tirtttiun lulluwits~ inpl antogtt‘jucg\'r?2002
Natural ly, bioconpatibility and the absence of free nonomer that can | eech
fromthe elwevowmsri c nnterials sltrntld he fornutlttlctl Hdriusedosbdol e
111111E1111S 1 0 prevent stthsedtient conplications. Prior art

st r et ch- cripsdridig the:abt@—oeysaaﬁlzedmplam theuel A ahall mgmbmmlalp;ttimseedss Thel ons

poi nts that_ ar r.mal  bod al ur Asareslt) t hey
have not b'@g’ﬁa"g’ﬂng’&?’ietg%(?cafnd?é gheaf@d'f‘r%'m o Xf Ir%rff'%“beec AL IR | not
retain, easiihduceenifgrhafénadiintore attaé)lseongshap@brca,@afsw altRRra3iRE tHe siroeh-Si on
confi guratl ons NMoreover, where the intended i nplant use includes the
function offyftalligstion precess. g Fithes altgrpasing the strstchienstallicedymallingisien imalegt i al s have
been i mpr a&;nﬁgt?fhttéﬁ%?w&pIﬁmqysuﬁfcﬁznr&a%%d Qfﬂfjeagtﬁprkanﬁﬂlaﬁﬁ% QIW\»I b ﬁ'n;flﬁi(n'h ctive

i ndex to function as a |ens inplant ecause ‘the natural |ens of eye
has a ref r sgeopéo diragdinesnt thhé\am ~tensfopediimplani through theemalt inision e an
stretch-cr) I terials utilized for lens inplants in
accor dance HI%L %épdteg%{%ﬁ “2‘”%54‘%?1‘%°§%sent i nvention have refractive

i ndi ces on the Medehwoﬁplintaotrﬁnybe&r@theﬂilmﬂbxesrqueelztd ibtoahe statdhad imalle i ndi ci es
wi || reduce the si.ze, .thicknes and vol Eme of .the |l ens nec ssary to obtain

S,
the desi r efici§pY F%‘qurf“é ysimp{gmaniplation it mediggl impiemens, Syrhias foIesPsiby with a
ref ractg vepdlig@pp&inglpottioal ohe Mphint SRFH RS edch BthbOrITBEIBY, infplaf( fdik cal | enses
havi ng di opters fgreater than ?(). |,owcr refractive indices

st r et ch- cripemed 9fianmirial spabie pdhiogliew Hisareishing apder Wueeeng PFﬁCF‘éﬁ%@s*alfﬁaw ng

di ~ptcrs o I I f as’ 1 Ot the
inthlattt géela?ltg ?ﬁé‘gﬁéqtgt {dggﬁseﬂ ?rgﬁ%§ Oﬁ%qufréest&g%hégrcé@?%kitlﬁ)ga e rrat erial
shoul d be ﬂmwntut FIGaPB)k tens mnpllannéﬂ maylee stabdizer iptthehsnablymcisadnlinplect covfiguratignpoi nt

e |
Lo ST ol T PO PR B PR BT

can beifor Isra@beuai taclwodamaethmtaimfctrhed tlape iingantah itkdie tmtsqﬁe@ts haymeled | on
fromltntcthctlyners ctr 50 hol y ctf what are know Ft nmononers.

Such pol yni¥'F3egeudsitsrus mipss dgpradiag PRiREmalgriise APYEBIE YONES) ot o © ¢
ntatcrial SBafa@see,zfamptﬂyitmmnbryadwty(an@t Y bleRing tetdefanfrk HOhe ByQRY hicvk kigxane) .

Pr ef er abl y) these exe matertals will have a cis/trans ratio ranbing

| ront ~1(19fthg nanestrete 'mp'anfrnttgﬂwtq intspdsd SERIChingEnditipns are below ftt pe¥. ubl ¢
strctcl t- Cﬁ]é’&}HeIuh% Poxhtl which Wil lcBbilthe ifip lahﬁﬁtto%é?!titﬁé ElIa"p@%aanorHeH' bi.itt~1lltc
tcttcltirt~s c~f resc; nt |nven€|on been found tlutt tltc cis
fi~rttg0coemmfigraticns meerhbly én sqcp@mcletmtbrtl}estwtﬂngs efab¢ present iaveyion, ithersafallr e,

hi bl rcr nt r C ns rlttio
is 4U &U tg’h%%?@lﬁﬁéﬁﬁﬁu n%&lﬁbéé‘%e aﬁtgﬁyé hetd i adcs"{turﬂ%'% %‘Lgtécgglé{bkld?l zed

mel ti n6 poshapedmpdsesecabs acshowh & FIGE Nk d Aland 4B sttsmgtetjlaeoxe] sdtilizath ofalid 0 t o
rati os on the orde (LGO/4O er |ntende use aof th

stretch- cr%etcarqfts Brdshapsietns “I'?E{“e't‘?yaqe e et”ﬁ% yo'PI‘Iﬁfsl'%’rPfélIe a |ight
focusi ng i grtchBd im atm ieyanh&e d}e@a&a@errmatmvmhﬁuymmrd @fpéraRrotwerobeed f,

04 JUNE 2002 WD 99/ 40877 PCTI ZJS99/ 03090 nononer with a conpati bl e nononer
havi ng2& hingribput4ee ingthis ieyaanplany embodiragnt. cbenplast £ stebiigsbinibrscrrsiallins stretchede art

as D nonOgggrhidhl it ¥sBAEr8d eifile, hEhL BGHPKCHIEIERSodhan FS monomers.

bi phenyl Da) al so known as hexap henyl cycl otr| siloxane is such a high
refractive i ndeXitimspeoifrerefer¢rge ta K. &, impload meheﬁnﬁm@immmmlmg%y@ﬁy an F3

TheCmer ansimt Hefda CEeraRimald Brplos 18 Fofkiie SROGHRY ot SVl SRertndRGp s by 0! 11

resul tant keped yopakh impat MDtheoulls tHFdivsear Forepy angtiedoblsd oo 4 RMperapad ymer )
t he hi gher the refractive index As those. skilled in the art wll
appr ecPat ebelaw themelting paint ofimplapt 1040 prrueit pfvrentarming REHeADDEYs Afhe D3

nmonomer | ”ﬁ:&tfohé‘d dbBbE 'ﬂgﬁ%t &6 Eos.hys@ﬁ'tlalfmtgﬁ Wik stablfizy, t»)ﬂircft Bbiey Rene hepAi ng of

the present Invention Wil be accordedto those skilled in the art froma
consi der at bmsxiyfmatniwlatadlduom mg:rtmo rf\s| show/n mngI;Ge&avtph e strathleserstelkmdpl es

|1 f f th
physr cal o b P aRe e | Lt B DGR a T s Bl e

mat eri als. Before proceeding, |t shoul dizbe enphasi zed that t hese exanpl es
are illustrative of the principles of the present invention and are not
intended to 15 limt the scope of the invention to the exenplary

el astoneric materials al one s@ﬁsﬁﬁﬁ'ﬂ:'srﬁﬁ'rijﬁﬂzﬁﬁu—E 26) 04 JUNE 2002
21 BEx;rniplc 1 As a prelimnary step int on~i ati on of exenplary

stret ch- crystallizable elastaners in accordance with tl~e teachi ngs of the
present inve:rrtiurr, a dilunctiunal initiator is prepared ir use in the
for ITB.tI on of subseduent hormpol ynmers and copol yners. For pur poses of

. e s o o



04: JUNE 2002 22 "I'Ilis produced a crosslinked poly(irlclllyl (3,3,

" -trifluoropropyl)siloxane) 1.3 collynmer with a cis/trans ratio of 6hJUNE2002
approximately 60/40, and a refractive index of 1.383 The silicone el astoner
was optically clear with excellent nechanical strength and exhibited a
superior elongation in one dlt'1:d1W1 U rnorc; than GUO% 'I1'hc pol yner
was easily stretch crystrtlli~ed into a stable transforned shape at

t enper atempssatiess Bithome 19adererdinghh énplantdsiscrypipBizes aridhegingiq eeoveritso a

t enper at ur f [LOX| ely [ I i N erkal .r ering; its
origi naIO%gi%?ﬁBgﬁﬁﬁ%ﬁ@fl?égﬁoggggﬁ@ %?ﬁng ecnou%1 ?8{:%1% i smsgft%/llnzoee to form
pl at e st1p| & shbivh iuBPIRI7uimplend 6K oitdplelel prebevei’ Wits ctfzinal AoestrédtHedt chi ng; these
| enses int9o a |ong;, thin rqd approximtely 40 nmin |lenbth and cooling the
stretc héanﬁ?%ﬁgw B lapg%ﬁlweaa@m Bg?s!lfggt‘af%% BHORICHAEE BPSFTRE opanﬁ%_lsr oduced a
stabl e) rel atRe‘f’é%ﬁﬂ{g RdW PRI, W&%tib%ﬁﬁﬁtatﬁ&%etﬁ@& e@BS&diln¥nt 8 NI pul ated by
band or with forceps. Warm ng; the shape-frozen rod to a tenperature

bet ween iB@@ated et PO yingsanl itmpthntation [devico 2 togtlapenmplpnt B0 inteyed2i ikeraplagyl at e

i ntraocul a ns ,confjguration in.under five seconds., . The optd cal

Fesol ¢ 1 dmBRmERR AEARAEH Ble TP By IREES 26 BOuBB2eaRNS of (e
rel ati vehynd piwce 8f wakthiiy gidabgadceivdRvitid ciaalbet 28.r gl hotiAL4Mhdliidea G M~
optical zone utilizing; this exenplary material_ would have an upper diopter

limit ofenapnsy ehanher 88 pnd arputied 36 Leplarid 0 ipgeesived wihinichambes 28| aflsy Deinghs  user s
require I i Jolg i gher

re19 ract is\%gda;ﬁg gé%ﬁl\sét% (?g}téglﬁrp@%g at%%#{afi-tzoggiagégﬁf gg%%éﬁcégﬁﬁnﬁ&gﬁaﬁe\gsg. pr epar ed
by copol yner iAsishown ithEICh @noytiel yhae direét]yEx sampdgest@toht-dripstaliadgnet]-ineisioact | ve

i ndex nono di scussed in,the Li~llownhg;. cxan.lplc.. | x;:Inihlc 3 Tn
ordoer t gUBEBHHERraRe &y axeion 14 by eve e utPUAT S implaitarioR dFtics 2RV beyi ng a

hi gher  ragfetg frity BoditiétEwithiA e patientOBERIRed Meposit AhplantxEd e tdigesdight ($) O;
ranls of the f~, nononer of anple 2 (with cis content about 60% and traps
cont ent Adgymﬁtlvqugygw gmpeger@,f SFRnuigE pefition ﬁway@g);ogﬁgured to be relatively small so

hexaphe I I S| = [ f ried at
1700 underd YEE0tT <0 RERGe LR, SRR R Subpledlio hEAE.' Al Wt

t cnl pcr glottian) 24 i§\espabR)offbrmafg 8 dWn arikididornibcens pathwvhy themphcehierthaeby
(Cl~1zCL2) .were addeq to the cool.ed solution and stirred fur a few m nutes
until t FEMHR3SNG AR nees 1o Gl or NPQIFIOn FIBSSERAIYE SKPS ni of the difuncti onal
initiator of caeanmgy dﬁor&omn@w@@o&léﬁ b1ew FRARSIAYpdihesiinpRe: 1he dHtyt ure
rctluxcd at 45C under argon Qg;as. AfTcr i U flours, tyre reaction was

t crnt i r tmainteih thy inplaiitiin the stabilizefl sireieh-cptpilicedeaniiguration Cromtder pagiondd: 0. 2
mL of vinyldinetlryl chl si | tr I.ne ieng. wWth
distill erﬁ‘%/yv\?gfogﬁ n%th%' t? (l)rfsﬁgaancelmfﬁ%%%g?%bn %‘IF g%%t%%l@?% %oyd@tﬁ%alﬁ eﬁxeil,ﬁlsé fg% ans of
col | ynerimpieatioh sitc@initil thelinfplant Gaisleteforéiaplahtaieon ddvéeer22wiMdintainidg of 50, 000
and a refractive index_of | 408 if desired, the 04 JUNE 2002, WO 991 40877
PCT/ US997 0o b0 tdhe sippilizedsirstoher it Uaadi cRRIAGIT P RIGYSRE the {aP Eré;fmg? ans of the
copol y ' ' t28(c0 NedRts bhigdd Of
2.5%, mgerxa n%? n%%ﬁwgﬂ %)?C,emerllﬁcgé %mjpég?ih ?irﬁ?g%tf;&(lg?@ Skllﬁpga Iﬁ%xy) Ej I ane
crossl i rkenstaplungte da 416 napnukae poitien 3d ¢o pyshdmplant 1Ufdmeutles3lintorpositianpt e 2,

an el astpneric strip.wa roduced, by curi the co yier of Exanple 3 at a
t enper attg? Bopjantrrest Sitﬁoz ‘&?Oi&ﬁfquli# S%Cg‘\?é ?%Ptoﬁi ﬁmﬂ(%gl.e tﬁ%‘ gﬁmﬂagga an

opti cal Ipg 4daadRRALSABEr 28%b Posvidd 18BficaBibh et ch-crystal | i zabl e el ast oner

exhi biting excellent nechanical strength and superior elongation of nore

t han 600% i n Ragerdliss eE whesherthidete} s nthzedite punctere italowanakedss pahway et e,

stretch cryst.allization and,shape,transf j t es bel ow 4C.
V\r m ng ?rﬁélsyslf‘sregf % -r%urggl/lsatsgf aIHi e caé né’%’fOglﬁgé&%tghrgggaproéﬁscﬁ{?ﬁﬁ(ﬁ?ogéﬂ he materi al
recover i pigitionsd ahiarth@pairht’ shedyevith sihienl@direredsiowaridtie infflentopbetait, asl arity

and high refractive index of this exenplary stretch-crystallizabl e
el ast oneP¥ iR i Ifeplupgss 20iig @F‘éﬂ“sﬁﬁim&? CAPTIEIRT BOTHGR 2%%%%3? 4pptentd0inige ut ar

enses hay g dih OALHIRsHAIPINEGREIMERINE Sxdrpl 2y argboSitd hAhE pdatl R

i ntraocul ar Tenses were no 5@ rom t he exerpl ary copol yner el ast oner of
Exanpl e ¢habpentll afiayg 12tand #yQarftdO if & fl-sizeduinteaoculfhtend Snplpnti cal resol uti ons
of these experinental |enses were neasured using conventional techniques
and found to be conparable to conmercially avail able intraocuiar | enses
made with conventional, non-stretch-crystallizable materials. In contrast
to the prior art |lenses, the exenplary stretch-crystailizable | enses were
capabl e of being stretched to at least 5 times their original |ength and,
following cooling in an ice water bath, remained stably shaped transforned
20 in their stretch-crystallized el ongated shapes D pping the
stretch-crystallized |l enses in warmwater at approximately 35C resulted in

o o o, N o o p—



 formation protocol of Exanple 3 was conducted. 30 Exanple 4 The reglg;t'g&% 2of
Exanpl e 3 above was carried out wwth a reaction tinme of 21 hours r ! 002
than the original 10 hours. As before, the reaction was term nated by
cooling to room -23 SUBSTI TUTE SHEET (RULE 26) 04 JUNE 2002 WO 99140877
PCTNS99/ 03090 tenperature and then atkding 0.2 ml of

vi nyl di met hyl chl orosil ane and triethylamne. After washing with distilled
wat er and t opdemativehy vhescimnlan d P éncopfigwed sninctongsapdmplantaglsgopier  wer e

col | ect : rer 0t i Vi ' o .ght (M)
of 53,000 irt e ARG inisfith i Bbhdor SRl 1k ‘gﬁ@%&ﬁ%‘:’#@@ i ndex
makes i tleyos2d mhlkestitopassibleita deliter shepmptant tol the tatget sitd thtdugh aokeryt dmeallexenpl ary

stretch:crystall.izable c | ymer in intraocul ar, | enses havi ng thinner cross
sect | ondCiI o FEFCASF M B ASYB, nCisinh EoBBlEAROCRES "B SRRt by an
associ at@kbvdPRuBAGRsdaly fob theTRBRANLIEARLS & MnMHidbl@ShtRt RASATh@) n&hinghi S
exenplary material. Upon cross linking this exenplary el astoneric materi al

utilizi myre then psivedel Duectufe paminiaal incision o Feffigient sige tp afsampnodate g hi bi t ed an
el ongat | e . %: [ t. nef | ' wi.th the
hi ghgr P%%%é? ﬁa?bggaggggeﬁwﬁgz @Boetﬁlg %g%l;s |“F{L§Sa?’g §% %eetsglgfq%:n%agl?a é%i ze the

mat er i alincishorisiva thxséreat ofalcimete @dnmichi be hehievep eodishntae prebenEkaventian. 3.

Nonet hel ess) the eri al be suitable . for stretch-crystallizable
i mpl ant Cbsc‘%fgrt&ts BRA WWP&B’BTH@)‘ a‘foéﬁfg’éﬁe for pag implepighipn sutyring and ¢ yni ng or

adj st | BeidianPRRilrsStrgn LG pRRERlass ldrRkivhs thoaMESERL haall e

el astonmers of the present” invention were conducted by nodifying the
r eact i odirealypetodhepestaror thdnmten20 ot e cBrthlesclesd @tdesntoghe Exempl e 3 was

r epeat ed, onl he t erat ure.of the oil s.raj sed, firom45C to 70C.
Afver 1onaBt 48 8F oo SaRF B A8 s GO b VBEE 3 SRR R ng 1o
20 r oomHa¢inpRbatlaH1ensAfflanticird gludtrdiviglof eHe prindipledioMetietbsehd iavasiohan¢arnd
triethylamne. After washing with distilled water and tol uene and

preci pi et nfsgded toianihthe invenfon fpsintsaocylsp ngsseionger e obt ai ned. The copol ymer
was gl ass cl gar, )M I ' : d : i ve
I ndex of 1. 4%.3 ”\é\%‘rég‘(‘?aﬁgﬁhg?‘#ﬁg&?gg I y%@?dﬁé@d%&%ﬁrgﬂ%ﬁggé& én%iz{ngsg%ﬂoner
wi t h nedtiegreseat ins¢ntiongs Hlustrated BIGS 83 tinh14. oRathorahgl smBlyAntlongdingplpysing hi s

| | ast i 5 st h- talli | | i al
exh i ¢ @SFoR 51 i 10 SR Eta Bt ESTpR 28 Bt BIEAGH APl yse as
medi cal 10 mlydRistetch elyd@ilgd ifé b doithel, stabRs&8all-Neldiohii@PRht sodightatied | ons of

the exenplary fornulation protocols are provided by the follow ng
non- | i mitithriCompaepsioadiggsnerAllpindicaigd by nefersase 32, | Grpaprassionizol2 inpladessi ity to

modi 1y "i*é}galF hidfa 3450 4 i%?nﬂ%@s)éﬁ:ingﬁ%\g@{‘ﬂﬁé "RAGRAYY i€ BlovRIARGFH d £28eifhg b13E38

exenpl ary el astoneric nateri al
defining mold cavity 40. Compression plunger 36 is provided with a projecting guide 42

dimensioned to slidingly fit within receiving slot 38. Projecting guide 42 itself is provided
with a mating face 44 which is dimensioned to engage with and complete the configuration
of mold cavity 40 to define a small-incision implant configuration when projecting guide 42
is fully inserted into receiving slot 38. In use, a stretch-crystallizable implant, such as
exemplary implant 10, is positioned within receiving slot 38 and projecting guide 42 of
compression plunger 36 is pressed into receiving slot 38, driving implant 10 into mold cavity
40. This process compresses implant 10 into mold cavity 40 with a squeezing action causing
implant 10 to stretch along the longitudinal axis defined by mold cavity 40. Water or a
viscoelastic fluid may be used to facilitate the squeezing of implant 10 into mold cavity 40.
Mold 34 and plunger 36 may include structure for guiding projecting guide 42 into receiving

slot 38 in a consistent and controlled manner.



30 present invention. Exanple 6 -24 SUBSTI TUTE SHEET ( RULE 26) QﬁlJUM_EZOOZ
2002 2~ The reaction of Exanple 3 was carried out as before wth the -
reaction tenperature decreased from45C to roomtenperature and the

reaction time increased from 10 hours to 21 hours. After 21 hours of

reaction tine, a small anmount of the material was renoved fromthe

reacti on, arybdoyesmrefractive i ndex was neasured to be 1. 3petusimsdgeacti on
was term nated after 48 hours by cooling to roomtenperature and addi ng 0.2
m of vinyldi metiiayd gdile@i0mt handl Aipckclatd hicitd @tichRe ofdpfint YRERLNG W th
distilled water and toluene and precipitating by %exane, 7/ grans of

copol yrer ommnleteliy uaiforedhroquheutibp extonvef thgempleit avteriel daws, Wifferentiportipnsofil ar

wei ght ( M=; j i ; laking this
mat eri al p%“@%&ggwg&gtsﬁgg }(1: té(ra{/s?ﬁ'g% ?e:égegk)Plgg&es?}ag];’taoﬂné%t%gcpggh‘%%}st ed weaker
mechani cal pjecenpguidet4d af corigatssoh plnger|3i6 aSbeeil borspleteg ctivahinirecevmisiact | ve

i ndex and chani . strenqgth Bke this eri al suitable for use as
i nt raocﬂl a?ga’l"gﬂgntﬁﬁﬁ S%WF?%M%?@MM gﬁgabiaﬂﬁ'r?f&)#g}age‘i %‘_?allﬂ'?‘ilféq“ i npl ant
pur poses. fmpMiPthfigurdfiéh. &6l heldin@ imPBRxa TP hiethis cORRRMRIBRNIICRE iR theOUt as

before, except that the solvent was changed from nethylene chloride to THF.

A total of formatign of piretghneryyalizgd itrangiang stebilizing tpadsyithimihe mptesipleof dmplent it @ e

sol vent of I i i t i . | ess

Vi soous. _ TRENAZ AN shalh ihstimb ooy LRA AP, AR, OBPERR, o

t hen addi ngy§allizedlimplint\ii0 rwyrthihi cveiptessiarhjigod2osill laeceerandhdtenhantdihisgmocess. Af t er
washi ng, w t.h distilled ter,.and .t ol uene .and precgjpitating, b t hanol ,
subst aﬂ?i a{:??}mﬁgarb%ﬁ Vﬁ%'\?l\ﬁ\ﬂ%egt Spa] ‘ﬁ%éff"ﬁ’@%{%ﬁs@"é’ﬂf‘ﬁy'}’%‘aﬁgﬁ* B%I%QEa'ExaHpI e 7
above was edwipressidn figihssanblpBtd @atet bdih bhrdughEigpRIireffigerffont Methe @ediplapn
reduced to roomtenperature. After 2 hours of reaction, the solution becane

| ess vi sco%@?“*l’?Fé“? B’cpfeéﬁ"%”( %‘PWFH’aEI@é Eﬁ/a'lf’_dd} mAlg Cﬁ‘ﬁtYr“S.dﬁ‘fQ“éﬁﬁ@j.r'Qt ure
and then agfleR@rdis-decibnaPliavéByddligmtnyt £H e Qéss 3Rt 18R tankRL R¥30THHE-
After wasing with distilled water and toluene and precipitating by nethanol
essent i al | {p ¥gnpoThisentiguestinis apitable. forrthe priateh aysrallizatianeaf fik-gizedntraocular
stretchecr al | l.za Aast: | i . : utilizing
he. pr ot ochl AP RSl TR i b SRE P BEIEE ABRiarSEHERS !t no
phenyl met hytilizBBas appropri8e.5- phenyl - 2, 4, 6- net hyl cycl osi | oxane for di phenyl D3.

As before, eighf, (8) ar f. the F noner of anpl e 3 ith a cis
content about G‘%to}cgué?ﬁa'g%ﬁgfoﬁﬁsbe@(gﬁfjéﬁat‘ %859 exfﬁ%a%gﬁ?f "?glé?talﬁ?\\g%%‘?" n

phenyl et hFpiG3? ane? Basadie@@dvéxded eledfeni]it iy @tehiptifedfas 8&ikg wilkih @i sadpe@Ofheunder
vacuum 04 JUNE 2002 WO ﬁs?' 4({18%7 PCTI ,US?Q/ 03090 for 30 m putes an? cool ed
to 45C (oi Preffat HYanUnah iy copliguss thefighi-fogusingjlens elemppts ofifhe lgnsimppts iAmi of Bne
chloride (idéChdaty vedpticatae donfieBdtibdiQleS@UME LPsh MAABfoRhdide REdS Riintehdb®W
mnutes. 0.5 of the difunctional initiator was added to the reaction flask
and the ni kpufuBctipg and Brgensied Exemplarg aliprgetive sragopectional legssbapeapt er 10 hours of
reaction, Ut L0 J N t r L ) 1 nat ed by
cool i ng towrhg m Jtldé‘trsrphg?é’?ﬁgggg% egg)%ﬁgcm&% é‘r&oo%ﬁ(\g/a}/%&lpaeﬁﬁg\t]iﬁnc orosi | ane
and tri et hpemiscunas kidvineto thuas bf ordinaiytskilldn gieiatt] ©dhenalteeratismciossedectend lenad
precipitating with nmethanol ol was obtained with a refractive index
of 1 583 | FAREUETTHS e e Bp Siop el ths BERORNEER bl ace. Exanpl e 10 10 The
reacti gf of Exampiher, Athoash &@fblaBOleUimpRfit 196§ SHodn\d FIG 1 Rethberaagauppote of the
reaction increased to 110C (oil bath tenperature). After 5 hours of
reaction) ‘Etﬁ‘é?“’é?f'l%th@ﬁ%e‘é&rﬁ’@"‘\?ingléﬁﬂés Bee VHEN PMESRAPF SHIGRESTR IFTHAR ed by
cooling t Ortf e ipRRSI0HYif RSP AS Brofeaths 1@ knothirts LiteBE fiuh&loan gsi | ane
and trieihylam ne After washing with distilled water and tol uené and

preci pi t at thagrtwiSu¢h syppdrbrrpkics neep ndtypgmradeabthe Bres¢hnaystalizeble glasterhersand ve i ndex

'n the a7y PPIAEERLAR DA} pFe AR KIRRMARL DOhRE-DV BhRy IRERE "0 (e

pr esens0 i nflange suppon haptice eOtheealfeanar dabapda sdpport bonfignaticnsakd Asoneithinges and

nmodi fications t ﬁreto. These ot her di &i cations are al so g\n tth#'ln t he scope:
of the pr e@RT O Y BISTLRYERTAmES AStpGiRy (e SUBRO IO RN REERA S i t at i on
the stret cidpididtpadidnt dAlRhSIekippl ants of the present 20 invention may be
configured to function as cosnetic inplants for reconstructive or

augnent ati on purposes. Such inplants would include artificial chins,
cheekbones, noses, ears and other body _p?a_rts i ncludi ng breasts and penile
inplants Simlarly) alternative inplantation devices may be used to
function with such inpiants in accordance with the principles and teachings

of the present invention. '“sﬂﬂssn%‘}%eém&‘?ﬁﬂilg"z%{i ety of inplants nay be

surgically



25 inserted and positioned through mninal) relatively atraumati GfWiQE2ab2
I nci sions Accordingly, the present invention is not limted to that

preci sely as shown and described in the present invention. -26 SUBSTTTUTE
SHEET ( RULQ@®§087704 JUNE 2002 27 C 1.r11 N15 W clai m BCT/BP0HPE oved

medi cal inplant formed of a stretch-crystallizable, shape-transfornable

el astomer. 2. irensimplants mede in pgspedanceoriththeieashings of thy preseabimpention may alsp

addi t i 0“f""be?Aﬁ@@%baf}?&a%@;ze‘a&ﬁ?es%@ﬁ 34 gFaﬁ{'SoC{hX\%R  FiZ PP $alTBY Siptadl s0 3- The
medi cal inplant of claim ereln sald elastoner is a

st r et ch- chysimadidsionmhit ekis$3 whichndefinés. anTiver dediberadonfatipiganiorefluid natefiniFdwher ei n
said stretch-cryst.allizahle silicone,is selected fromt, rQup consi stinb
o hommpoEAmaRY Sk saGr br o1 s oifeaOtabost CE TG, SeEs S Dy e on

CUpUl ylsl | jhdepofFefrigiibh ﬂ&k&&g&ﬁggﬂéd} HBUPPBORY 1 A6 1 ERXANS, teliddrGhplahd S0
7CsilllT1C . Ityl (cye; TGl ISITTTXitI1C 5 "fhe medical TI11T1)I11nt

uCcl ~I i n~ mey\RE staqteh grysialljzed bynelengatign grdy sompressive|dgformaion pyacreridpsg Mt has a

ci s/trans Ll ' f: I : ' I.npl ant
of *Cl b m AP Rkt ih AR AROM FIEY PPadeOht (e rcodiifns R Hehiéscd: TP
crystal | i zmventam, it srppderstduha ar leasyskirgST beomade b 6@ t¢hocrpddllizable elistemeredi cal
ill~lttl~t,.~f clai w rc;.in ~tticl.slrcl -cl-ysli~l.lizttl~lc

5111 cont - Atetnatiu PO sl 5755 by b sd iy befede ot i1 1 Souc 1o
SU'(: 1oi | chlstaizable etassetniel alyholigh dhiSs @it Wésential @l thdpractie bf epRcent véien. 8. ' fhe
medi cal inplant of claim5 wherein said stretch-crystallirahle silic~l~e is
optical |y tranépHiosntkilsd i the agwilh apprecipie; thepigee fupgtippsk advaptagesiof ths 11 o 1 |

.38 to 1-sf}gf'ch-g?'_stmhﬁbﬁpe%t%ﬁﬂkrsio%'e%F@serﬁnv@rlltﬁ)in%aﬁe WhessBldto Hhdkacture and
stretch-crystallizable silicone stretch crystallizes at elon~atiolis of

about 3009@plent baipen lep SO thnenghe dinglhincisiap ingarpre-ifleddoafignrgiog o his gliminatest o
‘; ggﬁtcieg” . ?rze ﬁngblgl:n'?ns;) ng‘r%?g{:%tri]ésga%cifﬂgg &itﬁ@ﬂg&&ﬁ&?@%h@% bhifBBh At tefiGRn 9ur ed for
15  implantation More specifically, the balloon lens 50 of the present invention may be
manufactured with controlled dimensions and optical properties prior to implantation. This is
particularly advantageous for full-sized optics intended to complete fill the posterior chamber
normally occupied by the natural lens. Because the stretch-crystallizable elastomeric skin 52 of
balloon implant S0 can be significantly deformed without tearing or permanent deformation the
20  balloon lenses of the present invention can be inserted through relatively small incisions with
confidence that the optical performance of the lens will be appropriate for the particular
patients involved
Alternatively, it is also contemplated as being within the scope of the present invention
to insert balloon lens 50 in an empty or deflated configuration Then, a curable elastomer can
25  be injected to inflate the implant to the desired final configuration. Because the curable inner
material 54 is sealed within the biocompatible elastomeric skin 52, the risk of a complicating
physiological reaction is avoided As with the previously discussed pre-filled embodiment of
batloon implant 50, the use of biocompatible skin 52 makes it possible to fine tune the physical
properties of inner material 54 with reduced concerm for biocompatibility. Thus, for optical
30  purposes the refractive index of inner material 54 may be maximized without the

biocompatibility concerns normally associated with direct contact between inner material 54

and body tissues or fluids. Alternatively, for non-optical implants intended for positioning in
-17-
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15 place using conventional manufacturing techniques.

Utilizing the teachings of the present invention, the stretch-crystallizable portion of the
implants may be formulated to optimize stretch-crystallization and melting temperatures,
optical clarity, refractive index, density, resiliency, volume, and post-stretching recovery as
appropriate for the intended purpose of the implant Because the elastomeric materials of the

20  present invention do not require cross-linked fillers for strength, they resist permanent
deformation when stretched. This allows the elastomeric materials to exhibit essentially 100%
recovery of their original, non-stretched configurations, a particularly important feature for
light focusing implants By tuning the formulation of the stretch-crystallizable elastomeric
materials, it is possible to fine tune the stretch-crystallization and melting recovery

25  temperatures to those most appropriate for simplified implantation.

Because it is very common for contemporary physicians to store lens implants or other
implants in refrigerated conditions prior to implantation, it may be preferable to configure the
elastomeric implants of the present invention to stretch crystallize or freeze in the small-
incision implant configuration at temperatures between 0°C and 25°C (normal room

30 temperatures). Preferably, the melting temperature of the stretch-crystallized elastomers will
be correspondingly tuned to a point near normal body temperature, approximately 37°C Once
the stretched crystallized elastomers begin to lose the structural or molecular order induced by

stretching, the melting point will drop relative to the stretched crystallized melting point so that

-18-
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appropriate, tunuble stretch-crystallizable melting temperatures. Utilizing the teachings of the
present invention, it has been found that the cis form contributes to the streteh crystallization,
and, therefore, higher melting-point materials can be formed il the cis/trans ratio is 40/60 to
100/0. Accordingly, relatively higher stretch-crystallized melting point materials can be formed
by raising the cis/trans ratio to ratios on the order of 60/40

Where the intended use of the stretch-crystallizable elastomeric material is the

formation of a light focusing implant, it may be necessary to copolymerize the polymerized Fy
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10 A further understanding of the present invention will be accorded to those skilled in the
art from a consideration of the following, non-limiting examples. These examples illustrate the
formulation and fine tuning chemical manipulation of the physical properties of exemplary
stretch-crystallizable elastomeric materials. Before proceeding, it should be emphasized that
these examples are illustrative of the principles of the present invention and are not intended to

15  limit the scope of the invention to the exemplary elastomeric materials alone
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illustration, exemplary stretch-crystallizable materials are silicone elastomers Accordingly,
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two (2) grams of diphenyl silancdiol were dried at 110°C under vacuum for 30 minutes. Afler
cooling to room temperature and purging with argon (Ar) gas, 7.5 milliliters (ml) of toluene
and 7.5 ml of THF were added to obtain a clear solution. Ten (10) microliters (ul) of styrene
were then added as an indicator. Approximately 8 ml of butyl lithium (with a concentration of
about 2 5 M in hexane) were added drop-wise until the solution just turned slightly yellow to
form a solution of difunctional initiator for use in forming the exemplary stretch-crystallizable

elastomers.

Fxample 2

To form an exemplary streteh-crystallizable elastomeric homopolymer, ten (10) grams
(about 8 ml) of F; monomer, i.e., methyl(3,3,3-trifluoropropyl)siloxane, with a cis content of
about 60% and trans content of about 40%, were added to a 125 ml reaction flask, dried at
80°C under vacuum for 30 minutes, and then cooled to room temperature  The cis/trans ratio
of 60/40 was chosen to fine tune the melting-point tcmﬁéﬁlltﬂ& of the material, following
stretch crystallization, to near normal body temperature. Lower cis/trans ratios produce a
material whose melting point would be lower than normal body temperature,

One (1) ml of THF and 7 m! of methylene chloride (CH,Cl,) were then added and
stirred for a few minutes. One (1) ml of the difunctional initiator of Example 1 was added to
initinte reaction at room temperature under Argon (Ar) gas. Aller 4 hours the reaction way
terminated by adding 0.5 m! of vinyldimethylchlorosilane and triethylamine. Afler washing
with distilled water, dissolving the THF, and precipitating with methanol, more than 8 grams of
F; polymer were collected. The hompolymer was glass clear with a number average molecular
weight, M,, of 40,000, a polydispersity of 1.1, and a refractive index of 1.383

The F3; homopolymer can be crosslinked by mixing S grams of the 3 homopolymer
with 2 pl of platinum (Pt) catalyst (with a Pt concentration of 2.5%), 8 jul of inhibitor, and 45

ul of tetrekis(dimethylsiloxy)silane crosslinker and degassing the viscous liquid by centrifuging
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into a stable transformed shape at temperatures below 20°C. Warming the stretch-crystallized
material to a temperature of approximately 35°C resulted in the material recovering its original
shape within a few seconds. This material was utilized to form plate style intraocular lenses
with a 6-mm optical zone. Stretching these lenses into a long, thin rod approximately 40 mm
in length and cooling the stretched Iexluses in a cold water bath at approximately 0°C 10 4°C
produced a stable, relatively rigid rod shaped implant that was easily manipulated by hand or
with forceps. Warming the shape-frozen rod to a temperature between 30°C to 40°C resulted
in the rod returning to its original plate intraocular lens configuration in under five seconds.
The optical resolution of the lens remained unchanged by this pracess. Because of the
relatively low refractive index, a practical intraocular lens with a 6-mm oplical zone ulilizing
this exemplary material would have an upper diopter limit of approximately 15.

Because the majority of intraocular lens users require lenses having diopters on the

order of 20 or greater, a higher refractive index stretch-crystallizable clastomeric material was
-prepared by copolymerizing the homopolymer of Example 2 with a higher refractive index

monomer as discussed in the following example.

Example 3

In order to produce an exemplary stretch-crystallizable elastomer having a higher
refractive index than the homopolymer of Example 2, eight (8) grams of the Fy monomer of
Example 2 (with cis content about 60% and trans content about 40%) and 2 grams of diphenyl
D3, or hexaphenylcyclotrisiloxane, were added to a 125-ml reaction flask, dried at 110°C under
vacuum for 30 minutes, and cooled to 45°C (oil bath temperature). Two (2) ml of TIF and 14
ml of methylene chloride (C1,CL;) were added to the cooled solution and stirred for a few
minutes until the diphenyl D; was completely dissolved. 0.5 ml of the difunctional initiator of
Example 1 was added to the reaction flask and the mixture reflluxed at 45°C under argon gas.
Afler 10 hours, the reaction was terminated by cooling to room temperature and then adding
0.2 ml of vinyldimethylchlorosilane and triethylamine. Afler washing with distilled water and
toluene and being precipitated by hexane, 6 grams of copolymer were obtained The

copolymer was glass clear with a M,, of 50,000 and a refractive index of 1 408 I desired, the
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Warming the stretch-crystallized elastomer to 35°C resulted in the material recovering its
10 original shape within a few seconds.

The optical clarity and high refractive index of this exemplary stretch-crystallizable
elastomeric copolymer facilitated the production of exemplary intraocular lenses having
dipoters ranging between 20 to 25. Six plate style intraocular lenses were molded from the
exemplary copolymer elastomer of Example 3 by molding at 140°C for five minutes. The

15  optical resolutions of these experimental lenses were measured using conventional techniques
and found to be comparable to commercially available intraocular lenses made with
conventional, non-stretch-crystallizable materials. In contrast to the prior art lenses, the
exemplary stretch-crystallizable lenses were capable of being stretched to at least 5 times their
original length and, following cooling in an ice water bath, remained stably shaped transformed

20  in their stretch-crystallized elongated shapes Dipping the stretch-crystallized lenses in warm
water at approximately 35°C resulted in the lenses immediately recovering their original
shapes. Following shape recovery, the optical resolution of the lenses was again measured and
compared with their pre-stretch-crystallization values. The post-stretching and recovery
resolutions were the same or better than before the lenses were stretch crystallized.

25  Additionaily, a difference of less than 0.2% was measured between the dimensions of the pre-
stretched crystallized and post-stretched crystallized lenses

To demonstrate the ability to fine tune the physical properties of the exemplary stretch-

crystallizable elastomers through modified formulation techniques, a variation of the copolymer

formation protocol of Example 3 was conducted.

30 Example 4
The reaction of Example 3 above was carried out with a reaction time of 21 hours

rather than the original 10 hours. As before, the reaction was terminated by cooling to room

23
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5 This higher refractive index makes it possible to utilize this particular formulation of the

exemplary stretch-crystallizable copolymer in intraocular lenses having thinner cross sections

and smaller volumes. However, this benefit may be offset by an associated decrease in the

mechanical strength and elongation of this exemplary material. Upon cross linking this

exemplary elastomeric material utilizing the procedure detailed in Example 3, the polymer

10 exhibited an elongation less than 200%. As a result, the benefit achieved with the higher index

may be offset by the inability to stretch crystallize the material to the extent achieved with the

copolymer of Example 3. Nonetheless, the material may be suitable for stretch-crystallizable

implants other than intraocular lenses.

Further efforts at fine tuning or adjusting the properties of the exemplary stretch-
15  crystallizable elastomers of the present invention were conducted by modifying the reaction

temperature as follows.

Example 5
The reaction of Example 3 was repeated only the temperature of the oil bath was raised
from 45°C to 70°C. After 10 hours of reaction time, the reaction was terminated by cooling to
20  room temperature and adding 0.2 ml of vinyldimethylchlorosilane and triethylamine. After
washing with distilled water and toluene and precipitating by hexane, 7 grams of copolymer
were obtained. The copolymer was glass clear with a molecular weight (M,) of 54,000 and a
refractive index of 1.40. Crosslinking the copolymer as before yielded an elastomer with
mechanical strength similar to that of Example 3 Accordingly, this exemplary elastomeric
25  stretch-crystallizable copolymer material exhibited physical and mechanical properties that are
suitable for use as medical implants including intraocular lenses.
Additional modifications of the exemplary formulation protocols are provided by the
following non-limiting examples which provide further illustration of the ability to modify and
fine tune the physical and mechanical properties of the exemplary elastomeric materials of the

30 present invention.

Example 6
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The reaction of Example 3 was carried out as before with the reaction temperature
decreased from 45°C to room temperature and the reaction time increased from 10 hours to

21 hours. After 21 hours of reaction time, a small amount of the material was removed from

the reaction, and the refractive index was measured to be 1.390. The reaction was terminated

after 48 hours by cooling to room temperature and adding 0.2 ml of
vinyldimethylchlorosilane and triethylamine. After washing with distilled water and toluene
and precipitating by hexane, 7 grams of copolymer were obtained. The copolymer was glass
clear with a molecular weight (M,) of 36,000 and a refractive index of 1.392. Crosslinking
this material produced a stretch-crystallizable elastomer that exhibited weaker mechanical
strength than that of Example 3. This reduction in refractive index and mechanical strength
may make this material unsuitable for use as intraocular lens implants. However, it may be
appropriate for other implant purposes.

Example 7

The reaction of Example 4 above was carried out as before, except that the solvent

was changed from methylene chloride to THF. A total of 16 ml THF was used in place of
the THF methylene chloride solvent of Example 3. After 2 hours of reaction, the solution
became less viscous. The reaction was terminated by cooling to room temperature and then
adding 0.2 ml of vinyldimethlychlorosilane and triethylamine. After washing with distilled
water and toluene and precipitating by methanol, substantially no polymer was obtained.

Example 8

The reaction of Example 7 above was carried out as before with the temperature of

the reaction reduced to room temperature. After 2 hours of reaction, the solution became less

viscous. The reaction was terminated by cooling to room temperature and then adding 0.2 ml

of vinyldimethylchlorosilane and triethylamine. After wasing with distilled water and
toluene and precipitating by methanol essentially no polymer was obtained.
Example 9

An alternative stretch-crystallizable elastomeric silicone copolymer was formed
utilizing the protocol of Example 3 with an alternative comonomer by substituting
phenylmethyl D3, or 1,3,5-phenyl-2,4,6-methylcyclosiloxane for diphenyl D;. As before,
eight (8) grams of the F3 monomer of Example 3 (with a cis content about 60% and a trans
content about 40%) and 2 grams of phenylmethyl D3 were added to a 125 ml reaction flask,

dried at 80°C under vacuum

L& é) -
JINGR002
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109v& ()-!ff#109M& ()-!S10%VM& () - &LO%VE: () -
10/ >bkuV7#XEosnderargon (doogag per 1P s pf)faestion, the solution became viscous and the

10MM +#1078NM&. (e 10tt 10tt
10tt!,)#10% t é‘:@aﬁ Tﬁg‘%&&g %3°T#%§’f%{§?? &m%y‘{, %%gﬁt]h%/@%"ﬁ@%’ YErPLl | 210%
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S?dE*P §f1]do /%/mpltatmg with methanol, a polymer was obtained with a refractive index of 1 383

indicating that no copolymerization took place.

Example 10
10 The reaction of Example 9 was carried out as before with the temperature of the
reaction increased to 110°C (oil bath temperature). After S hours of reaction, the solution
became viscous and the reaction was terminated by cooling to room temperature and adding
0.2 mi of vinyldimethylchlorosilane and triethylamine After washing with distilled water and
toluene and precipitating with methanol, a polymer was obtained with a refractive index of

15 1.383, indicating that no copolymerization took place.

Those skilled in the art will understand that the preceding exemplary embodiments of
the present invention provide the foundation for numerous alternatives and modifications
thereto. These other modifications are also within the scope of the present invention. Thus, by
way of example, but not of limitation, the stretch-crystallizable implants of the present

20 invention may be configured to function as cosmetic implants for reconstructive or
augmentation purposes. Such implants would include artificial chins, cheekbones, noses, ears
and other body parts including breasts and penile implants Similarly, alternative implantation
devices may be used to function with such implants in accordance with the principles and
teachings of the present invention. In this manner, a wide variety of implants may be surgically

25 inserted and positioned through minimal, relatively atraumatic surgical incisions Accordingly,
the present invention is not limited to that precisely as shown and described in the present

invention.
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4. The medical implant of claim 3 wherein said stretch-crystallizable silicone is selected

from the group consisting of homopolymers of methyl(3,3,3 -trifluoropropyl)siloxane and

copolymers of methyl(3,3,3-trifluoropropyl)siloxane and hexaphenyleyclotrisiloxane.

5. The medical implant of claim 4 wherein said methyl(3,3,3 -trifluoropropyl)siloxane

has a cis/trans ratio ranging from about 40/60 to 100/0.

6. The medical implant of claim 5§ wherein said stretch-crystallizable silicone has a

crystallization temperature ranging from -100°C to 50°C.

7. The medical implant of claim § wherein said stretch-crystallizable silicon has a
crystallization temperature ranging [rom =20"C to 50°C and a recovery temperature ranging

from 0°C to 50°C.

8. The medical implant of claim § wherein said stretch-crystaltizable silicone is

optically transparent and had a refractive index ranging from 1.38 (o 1.40.

9. The medical implant of claim § wherein said stretch-crystallizable silicone stretch

crystallizes at elongations of about 300% to 600%.
10. The medical implant of claim 9 configured to function as an intraocular lens.

I1. Anintraocular implant configured for reduced trawma implantation and having a
light focusing optical portion formed ol a stretch-crystallizable, shape-transformable silicone

clagtomer having u refructive index ranging from about 138 1o 1 46
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14. The intraocular implant of claim 12 further comprising a haptic.

15. The intraocular implant of claim 11 wherein said implant is an inplantable contact

lens.

16. The intraocular implant of claim [T whercin said stretch-crystallizable silicone is
selected from the group consisting of homopolymers of methyl(3,3,3 -trifluoropropyl)siloxane

and copolymers of methyl(3,3,3-trifluoropropyl)siloxane and hexaphenylcyclotrisiloxane.

17. The intraocular implant of claim 16 wherein said methyl(3,3,3-

trifluoropropyl)siloxane has a cis/trans ratio ranging from about 40/60 to 100/0.

18. The intraocular implant of claim 16 wherein said stretch-crystallizable silicone has

a crystallization temperature ranging from ~100°C to 50°C.

19. The intraocular implant of claim 16 wherein said stretch-crystallizable silicon has a
crystallization temperature ranging [rom =20°C to 50°C and a recovery temperature ranging

from 0°C to 50°C.

20. The intraocular implant of claim 16 wherein said streteh-crystallizable silicone

stretch crystallizes at elongations of about 300% to 600%.

21. A reduced trauma surgical implantation method comprising the steps of:
providing a stretch-crystallizable, shape-transformable implant;
stretch crystallizing said implant into a stable, small-incision implant
configuration; and
inserting said stretch-crystallized implant through a small incision into a

patient’s body.

22. The surgical implantation method of claim 21 further comprising the additional

step of cooling said implant (ollowing said stretch-crystatlization step
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2 implant conﬁguranon 1S an elongated rod or blade.

1 24. The surgical implantation method of claim 23 further comprising the additional
2 step of loading said stretch-crystallized small-incision configuration implant into and

3  implantation device having an outlet end prior to said inserting step.
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