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Bi ol ogi cal polysiloxanes Field of the invention The

present invention relates to sil oxane macronononers
war@7pedogsrer s fornmed therefrom suitabl e for useCEHAU2007/000586

bi onedi cal devices. In particular, the siloxane

macr onononers are suitable precursors for form ng

injectable, in situ curable]l accomodating intraocul ar

| enses. Background of the invention Currently known

i ntraocul ar | enses (1ﬁ%§% kﬁﬂa% on- def or mabl e,

f ol dabl e and expansi bl ékgé ch may be forned

frommaterials such as acrylics, hydrogels ‘or

pol ysi | oxanes. These |1 OLs are inplanted by maki ng an

incision in the corrralchefithdiitieintiocn a prefornmed | OL.
To m nimse trauma during inplantation, foldable and

The m@é té?ét%s't@a%éiﬁ\é?e t{%%‘ﬂm@ﬁi/ﬁicﬂﬁﬁfﬁ’g t@%&ﬁaéeﬁﬁémﬁoﬂtﬁ& lens of an
rolled up and inSerted through smal | tube, ch
eye wmln |mﬁmcalracbemm¢datmgomtmculerm It @anhbee weﬁeépr example to
treat exan‘pl e, dehydrated hydrogels can be used with
rea pgqﬁhyp tthci si on techni gues. Hydrogel |enses are
dehydrat ed before insertion and naturally rehydrated
once inside the |table as | Qs,
t hese def or mabl ecégﬁig% WEGB” Hﬁ'%q% a appropriate
optical properties, but also chani cal properti
The higieh oy 1613 GG SPRRANYAMEgn ot NHARS PAGEa,Y Japrpyter tissue

which ?%F?é'&t% ‘?iﬁﬂ??é%fsr%rﬁj PS8 Qo @ Haph adn ﬁfé @Hﬁ;ht drdiS g/ Size of the pupil

ape’in vivo. However, such I OLs are not
thus regplakihg tbe auoun’mﬂd;ghh@mwm e \eiyeo,andue kepstwaich focuses the

ol BB B R TR SELILIRD i fo have

portlor'iseWe@lH EU@Iéhs' é‘%bﬂbﬁra?rotlﬁd e Pvclbus emﬂ ahQﬁm ersstilar region.
I'ising injectable IOLs have been sugg

In the mpadewtbelruc@uﬁo@nds 5@ benfpardat anddias) eﬁelaﬂwlvmgstﬂnf sectional
refracre];érléwgwﬁﬁpeca%dﬂ{ Ffrge’{i\;er &@‘Fotpgr ?Bﬁéx iLNkSHAR B exhibit a

gradleﬂl(tAﬂFb@Qtruﬂﬁdrﬁot fess mncslaﬂ’qulﬂhla meeelsi&u:itdnrearqadsed}scattermg or
framework i s maintai ned. %?4 ntact |lens capsule is
absorgtigamok light raysyresyilting is Hmjshed Wi scosity materi al
into the enpty capsul ar bag. The material nmay then be
' &%s fraRsparehcPathé Aatural flexibilit
Wit e B B B Y s Y
of theeleastis cdgsgntial fardfocesing| ligh andie dhe aeting yuaf process Irgferred to as

sccorkRSsald ASBRBOTREp S B SRS T B o R st rocus ror

wsual'dﬂ'@ctsg?rﬁf@é’r‘éﬁf‘ﬁlﬁanc%ecm ESInBSrRbbRdifbe khbwreds présbyopia results
accomm ate in vivo. Apart fromproblens with in sjituy

from diminished silexibility ebﬁhedenSn@UiSh@ Bk INeAk | igjopr aedlys Presbyopia

sosa S LB RSP RS, ORI, toso neer

vision W@I@I@msi arensliehidted 9thaglassgseort ediitacti IGhses.| nj ect abl e
IOL materials need to have a suitable vi scosnty for

injection, a suitable refr ctlve suit
Anothg ERESE @&phrew o s cetgrpcls wh 'ﬁgaS%OC@?eﬁ#Mh\ @doss of lens
b I Vighgoval of th
i) [ e S N e o
naturgdlem=erAn aetl,flcsah insas thes eesiley to resforaivisioni Three types of prosthetic

extr act f.or n inject u r abl
lenses, A6 mAIZD Eh PR ar e | e Rufadt sfébfogld toLs. Cataract
glasséseﬁékvé il Férns@@fékfémﬁ&cﬂnﬂoﬂably W\@e@narﬁd%e vmbﬁrar@lfacts such as
useful in deformable | OLs are % no nmeans suitable

central dmage mag@fj@@tmreangisgde Nisiore di ign. Contact lenses reso?ve many of

the pﬁog}lérﬂ n?&%l&f’tb{j §g|gr5’£@d45 %Q@nz%@ﬁ?e? ({éHZHIIQ% ?E@Sdlﬁicuﬁ to handle

injectable | OL context t hough, PDMS has been found to
have a relatively |low viscosity and thereby a tendency
to leak out of the injection site (i.e. the capsul ar
bag) before curlng To address thls def|C|ency, hi gh

o e R o o M NS AN
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Al ternative pol ysil oxanes, produced by polynerisation

of aromatic-based sil oxane macronononers, for use as
wa@ledoonesabd e 1 OLs are di scl osed i n WO 03/ 040154PCTABU2007/000586

03/ 040154 teaches that the polysil oxanes described in

that specification have a relatively high Rl of 1.45

or greater and are bioconpati bl e. However, such

pol ysi | oxanes woul d not be suitable for use as an

(espedialiyefor @datly patiepits With %ﬁ%t@ms@ﬁ% gﬁtdrf%rjleﬁot suited for persons

Thedescri bed pol ysil oxanes have a
who hgyer @Stﬁptﬂﬂetﬂartm@mthnaMormmtlelsladydcamut msffbomestorlng vision

o 1600 (38e 88T ok TR S bk ST e i pover

requwetdavSu@ ghickgbortbctt lerisedr &reC QORBORRSHY e 3ar§j lcRRBE dellver sufficient
nd a silica reinforcer. The silicone poly

onygeff 0 SlpoRlebngsim amiarhoeiiy |osoar soest ttlnlenmajorlty of cases to
overcoH‘iéMPrY@rafor’eme'?blgﬂ’e&rdlf%umglé%saglfaée)de g@t@m bl T q?@)ss%sé?and contact

as an injecta in srtu cura
lensesThe met hods for synt hesi si ng the pol ysil oxanes
described in US 2005/ 0070626 require the materials to

o Tk el SRS it may o
formed fromumateridief Slich beadrfic, 'I@Jdr s'dH ﬁ&l&?ﬁ)ﬁéaﬁég ‘lﬂgaﬁthLs are

‘%{jsul ar bag. Further, t he esis ta
implan{gg by nPﬁJf'”%rQﬂd'Oé@'QEUWﬁh@l @omeg mtdm‘gertmgsa préfrinadsiaLe To treat

I addi ti on,
cataradts, BAENT AL SHAICHR B ther L. A4 Eymesrocecres,
the capwlejsdefthlydiam folibvaingdens e’hetists THe IR hER im Ianted inside the
ISh2S nk the macronmpnoner. H{yrosu yl ation reag
capsule, via Elp,%mp{su'ome@o@ hefanitypies ohérfemormrnrraydnamw@emade at the
anteriof Bﬁpwérﬂﬂgﬁgbm”h@'c%tp%gio‘?ﬂex& Isc'gjlée Ses{oI él%&d Ctar(? %@Hr]]@goﬁom which

Sit I n tiron e cure pr

the coru@ntamrtep;rambsucleus;) ofethel leas dahebénremage@fddrmg the procedure To
faor the reaction

dth
m'”'m's%oa %&%%%’gﬁgﬂ Erﬂglralgﬂa%’té‘loﬂ Qdabla endi expapsihist rlahs have been
develop!dd Cthdge (asestmby®eTtolledr Gp idHdCin %Qﬁeﬁatﬂcctﬂqq{ee ﬁﬁgff Wbe, which

make any adjustnments to ensure t e corre
allows pefmalleh dngision blee he amadevind theAcot ez asoWentamfa smaller diameter

capsul oA R IR b BsPEoser € indisore i Bexenerovide uicker

post-opsiecaverygouesl dscidfiroved bosfbSividtial bRtdmed Hﬁéq Slséég'hkellhood of
q then react to formfurther cross ﬂ

IStOFtIO%bPK@'@] Cphe%gﬁﬁro%ﬁmﬁ@r slehydrajed dyjidrogelal can be used with these
small lnéfsgﬁgiécﬁhk{;@g'cgl Glode etr{s%gla% g%ﬁ%%%@:bgfogﬁgrhs{q{@én %H(Sj naturally

rehydr. atﬁ;@nﬂceslnsfdeaﬂ;e @apedlapdiagrET & b euitamer 48N0Ls, these deformable
irable to fornmulate an inj ect a%

d
lenses %re%%i ﬂokwgﬁpb?o%{g%rﬂ%'dal PrRparies bldirc'#ﬁﬂgnﬁalumlcadl propertles
such asfstﬁJYVétQﬁEIIYﬁﬂeEﬁiSﬁ ﬁée‘@bltg@nﬁ%@ﬂ EI’?%#‘?B &éran%: L gpptlrrpgantatlon

i ndex and desired ne
and theg (5egg|nttbetf<ﬁh1§petllmtve/Oalh'laymvemd:uwemﬂ)aamlble fors bRestill relatively
e to fornul ate

much m?ﬁ'e ﬁbﬂi tﬁgfﬂﬁeg{ou&g {Iﬁ)g{) ke u?ej?lerggt DS, s Qiss ereenot capable

of acconmhcmatﬂdg wheadinugiabbad %o b?é“?‘ﬁ)@' t a
¢ tgrrors such as pi a or per o alﬁwa%BnHé? Solilﬁ{ 8& tﬁgy do not
restore fag ness visiomeppakil da@eoramp%npo) ofithe matutdi goung eye.
specification is not, and should not be taken as, an

t f t t hat th
To furthGe Vel HIROES ekl ribe; S, AAISRRSloePaloWe n furigdechniques

rior art forns
utilising wmemtabter HLs hawedreemsmgesteml En@bciébl@nlOUs %ﬁId bBiifplanted by
be

coul d reasonably be_expected to
lens f'”"“jéég §f"h'é%|> PIRRFEVESSD ot dsreﬁﬁ?%gdsaig irelseiehna rgcedure the
person skilled in the art. As used herein, the term
"conprise" and variations of the term such as
‘conprising”, "conprises" and "conprised", are not
|ntended to excl ude other addltlves conponents,

- Y a1

.
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pol ynmer can be raised by: increasing phenyl/aromatic
ring content; increasing halogen (Br, I, C) content;

WO p@ra286ng sul phur content; and/or reduci ng PEEFAU2007/000586
fluorinated content of the polymer,and generally

| onered by: increasing the fluorinated content of the
pol ymer; decreasing phenyl /aromatic ring content;
decreasi ng hal ogen (Br, I, C) content; and/or

naturaﬁi%?ys?gfﬁhg%éfékigmf th%ol%gri% %(ﬁ?%ﬁe\;vhﬂé Iﬂ'?e !E?La#%qs)yledéonule-ciliary

ercentages oOr varil ous uents canno

body ﬂraimewsleth mairttainedaTae |ﬁ@calemtdewsu&f iscthehsefillddby injecting a low
si | géanes cont ai nin rLgI ar percent ages

wscosgy rﬁ%{eﬁ@p Inge §8e iampty sapswiar g 8 mhp@g@etpb capsulorhexis.

The nEARR| ) pba EIeL el | IBESBE, EITA KRG e p fom o
shapet ¢fethgollensi Poxddes the efesticityr gf thee nefillirgy maibhal is@uffidently low, the

o sk EFLIR BT GRS e g ocoms i
the na‘iU@‘léﬁéﬂG(ﬂ{hda@éﬁﬂﬁ' SuchNinfdctaanet.sadye Q&Q%S%Bfﬂrﬁodate in vivo.

the resultin at can be achi eved. Accor
By replaging the har@m@ Iaeecnnatenalmﬂqlslrelsbxanle@amnt mth@ S@ft gel injectable

oL trifapefi h PG REpRands ol beoriat RnRogaE RaF Bdislor e

present invention provides a nacronnnoner of t he
Apart frommtcﬂ)léms (wiith W‘sﬁuecblrrlri@l Klucls a8 dostrotinigi the dr@@kﬂihklng process and

8 grou leafreeradlcally pol ynmeri sabl e
findingy, lmgaﬂ@. SCKepR r CopYlipns. L thereodiasorherard sisuggle to develop
poborgifsio it 8ieimaSof iy LAY SAPRISARbY 5L IAETOR materls

need pmrhae/et agsuitdble hescrmxﬂyofmrinjm:tiomhiac lsu1tablbnrdfiwtlvangéex suitable

of fromO to is a nolar rcent age, of t
mechahiealoakBALRRRELENer | RS NhodnBIulsora8od o tghSparency, be
biocorg\’/ﬁéﬁ’éle Clnbﬁ,ldﬂ’lq:ﬁé‘ﬂhg PRhFEASGRcRIbIES Snd B SERRAIBIS.

Is in the range of fromO to 2 nol% and d is a

mol ar percentage of the nmacronononmer which is in the
The propggliessuchoas viscesily, mavdylusand exieagialles sdiffenfrontthose required

for deﬁU@argrEag'orI%ﬂg)rlr_%?t(Eas < eng/$/ t%ﬁ%l% {é}h ﬁ’fﬂ?}% strﬁg&flé IHT_% are by no

meang Baitalsle €for sibe & injectabled OllsaFoweixahiplé, npélb@lrﬂiahglsllc@fane (PDMS)
from 20,000 to 400, 00Q, preferably in the ran

of
has begry gMRIOYRSH2E @ PEEETHRIAN feldablensiedpfoamablgn|GLs. Anithe injectable 1L

f
contoX IARRIFPOLTHEGLA0A fpd 1019982 0 1 R gsA B reroy
tendenay tddealaroys mffth‘ef injedtiotl stte (1.e5,theocapsulaat bag)olbgfom curing. To
the .range.of from 1.421 t . 444  and nost preferably
addregs, T etieevoidh Jincesin@obisTexands hala et agded Joftne PDMS
reactidh ﬁ\lrbp HGWevsl) aQiraWbb@k%*f h%fi §cé§ﬁﬁ§ﬁcdﬁ?ést i8 thétnl‘leeWaﬂ entrap air
preferably 1 Z group 0 or nore siloxane repeat
bubblagniwkich can sm@alrttgxe alptmlbquebtv efhthe neswIitoeo postyct. Also, they are

s § 5l S SR et AR BRI, Jbf reaing

substantibbforoe.| IBLadditiymEt hag beedUbusd Qhat35@ybr?éﬁobﬁtﬂ(an'é@¢%mg a high
preferably | ess than 10kPa and nore ably | ess

fractlova RAAiRibyIsilpxane BNis may haveepr HB@ﬁ@EPRIablé! Igw;sp@.cﬁn@;grawty with the
undesfréd® P4t Pt 'ffgéjp'géfdt g Iér{bemgjt i VJ"hﬂange %Hg%%ggﬁuﬁ:ﬂe{ present in

I nst ance, I on may Pe A'C
the capsulaqbagallnesﬂchmaba@b n’ewtli)besdllffwcwtrte fitlkthe Q:@ipeulaie bagAompletely and
t he of the nm rormno

will regiygs gg%.SHgg i Brars W FXPRRSRINtrace awaﬁrwnwger to maintain
the coﬁb@lqEHQ%h%@%ﬂuﬁ)‘ugh@%ﬁflﬁgtm bidckys! ease the R of

macr ononomner e groups wth ower
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el ectron density have a tendency to reduce the R or
t he macronononmer. The RIM nay be a substituted or
wa@p®ahstoss ut ed aromatic group, a fluorinated grOUAP2@7/000586
group containing bromne, iodine, or chlorine aton(s)
or a sul phur containing group. Use of substituted or
unsubstituted aromatic gr ouﬁg sul phur contai ni ng
groups or brom ne, iodine or chlorine containing
u j ' | .
TherofliE B33 SoslrapRote ot BroedeiRs, R rClEe e Aurgl ens with an
acconfmodaiingai@t ’gl;\ad)lmowdles optieal rdsuiltseinr aivoi \Furthedeit i8f desirable to

he .s The su |tute unsubsti t ut ed
formuigfi BlecftiF GaBS i SRR o povsioxdtss [ BAL fias @ suitable
refrac%irﬁ@i%cﬂff@@é@?ecﬁh%ﬁhahﬁ:a‘ BAd RJJ)QIE%' qﬂélﬂ%s"%?%ag% constitute an
used, such as a fused aromati c vative as

optimajdphiasament fordhe mediehlensiH phenal ene etc, or clusters
of aromatic rings attached to a central carbon or

Reter3idd RP8ng'90 U, MRTBRERGRKAHR BY, G, G A4 58 o s, on

acknowlengment oroahwfnrrrﬁoi seggdstivarthal #yd pribong forhk paw ofaRé common

0X Preferably, the substltut ed or
ge“er%'nge%‘é’%deﬁtéu%%ﬁﬁ%&r ghyuhes jurisstieion of ithgt this prior art could
A
reaso Rl 2Bk BBl e ARACBIUR) [0 o rolevart by
persomekﬂledmtheaamd O to C 2 alkyl. For exanple, a partly
or whol ly fluorinat ed C-4-C8-cycl oal kyl or a group of

f l gwi for " - " e

As usbd erBl, B4 fm KaBibecrand yerations of thaserm, suphyasyiapmerising’,
"comppises'l td I'temprisdd®, ardhetirteddB oK ciude b@%?zaddmves components,

oC(O - or -N(RS)C( O-, R3 is hydrogen or CrC 4-al kyl,
mtegeﬁs P5SigRSi nteger of Cor 1, a is an int eger from1 to

15, bis an integer fromQo 6, and c is an integer

from1l to 20. Sul phur containing groups include

t hi oester or thi oeBHEIMaR) ef thesinvemtiosxanpl e, groups

of the followng fornulas: The RIMis preferably a
When ghadycting experiméntsio refll the satisalilens wuthca soft gel, it was surprlsmgly

o AR Lo Bt v o
(hypergpizl in el RarhalsOBiknasesuis Wede (obgaiRBg W&F@iﬁ%{mﬁéntg‘bonducted with

forma polyner in vivo. Preferably, IS an
ex vive hHinasheyes. I was sxpectadetthagifdbe COBtﬂrttalmlf ¢hgynatussl lens is replaced

with a éib%rﬁgﬁ]oﬁg{é' EQ re:}% ﬂﬁ% d%ée%{/ﬁﬁgﬁ‘;okgquf%f)@aé:nr’ 3 581 be induced.
Conveahouélanpﬁbmlrhaiasurﬁmm raHdamdéi@zﬂlrJQYFrO\ﬁdéé )éﬂ?gtébrébiglrﬂlalues for the
ursors -

hacryl oxyal kyl . Further, sui
averaqeorvefrﬁc Fﬁl\éXéHHh? ngm@hl@wmgamres g% bepy befvesa 1.40 and 1.42.
azl act ones, isocyanatoethyl nethacrylate (I EM,
acryl oyl chlorlde met hacrylic anhydride or
It has P@ﬁﬁé&'ﬂm\@ed dhatorif the, lopsr@fi auleyel i ewasvated asdl theasapsular bag
r " ‘ ent
refled T BERARGTE wih St RNAARE O 1BRPREQETARGE for the eye, such s

dimethiyh dmpeaméerihdzwn@@rﬁmf dfito4ogi ihel ﬁeﬁuﬁkgepé\ﬁé}-ba@!f and power-stretch
i nkin he refractive i ndex nodif

c bl e of
Cuwesgﬁ?@%“?foo'%'}ﬁ@nér‘% EeTERGliNg GheNIR Innfie Bie abwtua{@aa departure from
I | |
e et i bAIE BN Ul B A i cvare
power gwitls, changburrctlemmadlaglewmofsachabsal Hnns nipt cohtrasiedwhen higher

ha ar.bonat e oester

refractv@jnge ffaterills 2 5o FRILRIRS Pohayen bag Bg Ml der57), the
refilledblend YeHpCElo88H! ninfisd 1! Fhatits refPadtiveOktdid M E ‘i‘h% oacicommodatlve

ester, am de, "urethane, carbonate, thioester,
responge @b g naturaliens. Pref er abl y, when Kis a li near,

branched, or cyclic lower alkyl, K bonds to the

silicon atom of the siloxane group via a carbon atom

Preferably Kis a lower alkyl of the forrmula -(Ch™n-

vvhereln n |s an |nteger 1, 2 3 4 or 5. l\/bre

Y T T . — 1
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Lower al kyl has, in particular, up to 10 carbon atons,
preferably up to 4 carbon atons which may be strai ght

W@ b@irn2865 br anched. Such groups for exanple, |iPCI/AUZ007/000586
nmet hyl , ethyl, propyl, butyl and pentyl groups. Lower
al kenyl has, in parti cul ar, up to 10 carbon atons,
preferably up to 4 carbon atforrs whi ch may be straight
chain or branched. Such groups for exanple, include

Accorft). inFcRV bt ATRRRYRRTGY et B ich SRt B I'a, departure

from theelgreha@rigial f dptivab @oiner Frasrsubprisingly tredre feumdy to rbd lhngher than
range _of from5to 70 m)IZ rtgge r ferabl int@f}e[,

expectathdqeind Detwaen 142 15antol- 450nthaRa ! g BrdeTal f9rr lingsthe lens of

rhesu% jﬂgﬁa % %Iﬁgm%éﬂtélﬁlfé |t§“?%p({jt %&?2@ d?‘r’gré} 9eM§em1.426 and

1.444y aoge poéfefaiynb@tweerl 1r35and 1| 4344oaatﬂ enadi grefemabltyeabout 1.440. For

humaﬁgggge%}clly; r@ﬁkg {%niatﬁgggé rrefi E;ﬁganﬂ{ sdqnﬁ'{q?rlglﬂtrci)éhc{irbge a change

in poWéW %nt‘yb%ll?/ %réétér RRgRaMENGhy I§§é Qﬁér?‘ébbbﬂmﬂzl\/' MofE usually, it is

| ower form ng t t he ends of he macr onononer,
betwegny1 ﬂaﬁgam 3. %@pabbaecﬁmb@dlmaﬂ@ lénﬁjageuuwmafowumans over the

age of 15 e RCorel el GRS BB dfet® WiBSuRERino ahange n power

is typl@éllﬁ gpsatet ithdh NUZE ahbdesBehsriabonEN 442 Moy asually, it is between
Sui t abl e reagents for i ntrodum%([:]éend groups i ncl ude

1.426 padahréBRylnamms pewadEneeitazehguidl-427 oxane,
t et ranet hyl di si |l oxane, 1, 3 b| s(3-am nopropyl)-1, 1

di
Conse%lygﬁgbﬁﬁgaﬁ@r y|t§§’ ntvg{\trl%n %VIF%IS am )’Eg%de of determining
the IOL Befbactive- mdbkdoopnoqqular repladement materlal for replacmg tissue in the

copsuld ) G ATER LS 2Lne BBl S0 Bl AP 0BVl v inces
(“NRRI’% &H PiREht bk QRN ¢ 4800with a refractive index correction factor (“RICF”)

di'vinyl tetramet hyl di sil oxane. As will be apguem at ed, S
ascertainachdyf asefmmarmel lotthe Refractive rower aiequiredr tousomest the patlent

ctrac i s R BRARLH S sEOHSRARS IS HRENERLpps surprisaly

been Vwﬂc{jtcﬁbéf(ﬁﬁeﬂim foit FrfesiBCHIRBIREERd MRiyndres, Siésbhésotheﬂ substantial
substituti ng two or nore different -K-Rl M -K-R

similag%/es whicky haygsleg nioothenhesius ok et Rpwidely accepted model for the
numafE B Xpollital She b1 456 20 £854) 6 s BHEE Ko the
NRRI e cassesseido .bel betwaerr dM2toand 1m4!4 optaredikelyy 11485 and 1.444 and

iely g bevapgsiof b HhSBEl teP Bohiier Gehadn e siegsand f'be between
1.421 'aLnahi ahp ﬁ%‘réhke&?'@éﬂﬁééﬁ AT ahd i LR éﬁ&nkag@@b@sabout 1.427. The

00|n|t|ators hermal Initiators or redo
NRRI rfcmn buragos over ths age:gf d8lis ypsbessad walppibetvepnd 26 and 1.442, more

ety G 4680 T3P ERBBER Bhe Sboflor e ctut t ant

pol ynmer. The groups may bei ncorporated into the
The rehecOV®NPOREr Meqairdd r arly hendssesgediini kRABwWAL aEyer by optometric

l'inking through the -L-Z, -K-RIMZ or -K-R M groups or
examipatont Hée selpiathIRIGRetRYIPe IGrlGHdeRein dawsa wayse Using suitable
formuldeesent i nvention provides a conposition curable into

eb| onedi cal device including a macronononmer as

descri bed above. The bi onedi cal device is preferably

By adpustinglibé atfiractivitendex of e polymeralsedctodefill tiee temg dapsatar bag, one

can ogiro RRMVE 5SS (e re YA Y RETRB%< TR thegived Measuring
the patRI®shiefbelidd sYatetdiR] BRIEcHBI Rsaarﬁaté?fia‘ﬁ%ﬁ‘rb{h% chiedti fOL refractive
curabl e, accommodating 1O.. Accordingly, a preferred
enbodi nent of the present invention is a conposition
curable in situ to forman accommodating | OL incl uding
a macronononer as described above. A further preferred
enbodi rrent |s an | nJ ectabl e, | n S|tu curabl e IO_

o " o o o o
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to be tailored to the particular application required.

Typically the R will be higher than that normally
wore@3nesess f or the natural | ens which the | OL i BCT/AU2007/000586

replacing. The ICL may replace the natural lens, or a

previously |nplanted IOL in the eye. The R of the QL

is adjusted or. "tuned' to tlat required for treating

the eye by altering the nolar percentage of Rl M groups

. gh I bly the 10L formed fromthe
|ndexg%ﬁ%gﬁaﬁg%ﬁﬁﬁggﬂgﬁﬁe(§§QHL$%|Cal characteristics to a

heal thy natural lens, particularly elasticity. The
Furtherpby meplagmgrmeatesrdepe@fnmtebblyoﬂ?we%sbydptcnatural lbﬂé with a soft gel

curing tha rmts injection o e cr onpnoner
having 4 Ftreel p Ty BREOMMAGANATS B8yt G K etenabpy SHigs! suffering
twesb§éyﬂi 150 OOO cSt, nore preferably I ess than 80 000

t. |l n anot her aspect the present invention provides a

met hod of inplanting an I OL including introducing a

Accordiogtye enother aapeategtgtebpr@sabbwenmrm isaalnagihodagfdraating presbyopia

of & sqliGR il i ind Yo 88 SHBIRESS bRl bAB, iyt the steps of.

refractive error including inplanting an ICL as

(a) daAsinirgesh abole replacomentimpeaial htalvmg avefrddtive indet egeisalent to a
the use of the conposition in the manufacture of an

Mﬁ%a%t?ﬁgepmg)f sferehee detragiye Edexceh hetwaenod-424 and 1.450;
%ﬁ' or maintaining the refracti ve power of an eye.
e |nvent|on further extends to an eye having an I CL
formed froma conposition as descri bed above. The
(b) iraplesingotheatissue:in ¢hel ssubjecd sneapsedarobagd avith tlye @cular replacement
nedlca[ device or prosthesis, including an 1COL, with a
FBFENEL i ve index of more than 1.33 by pol yneri sing
macr onononer s as descri bed above. Preferably the

In ste@@éyrtm INRIR| i@rpneserebmménlmgts tand Baiaffod gssbusRirireates, more
he dravmglgl5 ur e is a plot of refractive index

prefergblymeg@a'l k@%ewﬂ(ﬂ gpp@npr@ferably about 1.440. For humans
generanfé}l, W?ﬁ!e sféggifaﬁtgﬂfett\ﬁgéﬁa%% %h fgﬁgsf\/‘o%%?ally it is between
1.426 aaﬂr'laéBaB vla cbm{iemb@tjlrﬁéﬂtcnagaboat 11427 . Eond:tan’(armt ot thé age of 40,

the NiRE] 45 FRoI4Ry BEACBPOR 40and o 442 gMBEE usUabARdnbesPen 1420 and

1.438. rlﬁrtﬂfe é@BBdiﬁh&Wﬁléabgutgﬂﬁﬁﬁ is a plot of the molar
ratio tetranet hyltetrapropyl benzene

cyclotetrasil oxane in feed against the nolar ratio of
A further raspecbpsfi e zwasenti inyeatien upiovidesn at neethed upt |tte@tlng myopia,

nyperdfi BF BRAEFRRC S Bl BT ePaclih BRIk o6 8Kt S bBBsutar bag

comprizM@ iRl steps dPet ai | ed description of the enbodi ments
The macronmononers of the present invention offer the

ad antage that they y not onI fornthlgh refractiyve
M?éa index ERMPSaN RSIOF dASs: RANAD FStiate of the

t e
AR, S o 1 St A tmon e
Exatrieatian ef thehsubjedtisaaye; ve i ndex of the nmacronononers

may becontrolled during synthesis to enable

) PeFbRingOe ot of MerRiol R oL @il S o) if any with

iUkl GRoMEosidcBRE) r@@é@hb@@@fr@&t%ﬁn&@ﬂobbeﬂﬁéﬂ‘pmgﬂ and 1.450;
bl ock type nmacronononers. Typically, the macronononers

are random nmacr onononers. Macronononers of the present
(c)  ohfRiRNgAn rﬁapwlqrrataolapqm@cmaa@ﬂaté"wg ignraffactivarigdesof the sum

0, preferably in the range of
f%%%?ﬁ@,gggs%%)@gb, 0, and nore preferably in the
range of from 50,000 to 100, 000. The macronononers of
the present invention may be synt hesi sed by any
suitabl e method known in the art. An advant ageous
met hod by which refractive i ndex nodi fyi ng groups
and/or polynerlsable group nay be attached to a

o o o o o - a o o "

(a)
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The addition of refractive index nodifying groups and
free radically polynerisable groups using
Whgarosiosy| ation reactions nay be either to  PCI/AU2007/000586
macr onononers, which are silane functionalized, or to
silane functionalized cyclic siloxane i nt er medi at es
before they are subjected td ring opening
pol ynmerisation to formthe nmacronononer. Suitable
(d) Eréfiﬁ'gﬁ’lgﬁiﬂeoﬁgﬁf% g@ﬁﬁ%%%gsce{&ruﬁruﬁ% "R kAS BURR replacement
trebdteniget hyl cycl ot etrasi |l oxane (D 1),
trimethylcyclotrisiloxane (D3 H)

T T —
prefergﬁlgclﬁétWe'eﬂm angd éﬁdl‘el"@ﬂ d?ﬁ(‘} ThE§ MrafbrRvhy QBBGP?}QQR)S(J*& humans

Stltutln? ree radical ypo yrrerlsab roups an
generalif, the tNRBI awde&lrahixmbeywe@ Jré2handal Mau!g{lmre hxsually it is between

ex I rel ate CIfIC y ntainin
1.426 BYATTAEE T SorREheE Rgs hpon T A2 For Bt &r the age of 4o,
the NRRﬂ@aéélVa\tﬂ Ib@Mé@@qt4mandI1n44216|\néﬁéla§a§uy e between 1.426 and
figures such as "a=80, b=20" are provided, these are
1.438. Hﬁl%&@nbédlm%ﬂ ltliﬁaab@ﬂtl b#d7.substituents indicated. In
the schenes, a, b, ¢ and d etc do not necessarily

Profry i 68 EBERBIor 8l O 8951 P oolah kb tton: matera

for repduahcpngmesm? mrr]m cdpsutardtag hevirag Bﬁwmm@wtles mlgéaacmnmodating
t he use of the tter in t react roduct

lons. 1R BETGH SR AB° st it BRIESEMANy Marol fha SIpRate polymer, such

as oné Gféﬁhé@rin RicRefHes dr@sé-ﬁ%bl@@ﬂbﬁéhcﬂ'?na&@ﬁf&fo%@n The polymer is
hr ought he reactions 11l ustrated ere
deSIrabh/e\n yanensattde siomsita hisndlae i capsuan bagt i Suitahle poculanrreplacement
: ubsti t ted si ] axane,bhackbone ¢ nents, One ..
maten%&p Cilt@e kfﬁet%o }Smgﬁsa S %%é“fb.lﬁ:tsPSHﬁnB@% and co-pending PCT
applicatisr enttstEBiolgidal polysilex&ids” By BRT CW@QH&T‘@{ altfﬂeéi @®n the same
al l ow i ntroduction of both the phenyl oups and
date g8 {Her srediicatipnoansl GlRiMing s PEALY, f'tqli% us" afevisional patent no
60/79(§ gggtl onal i sed macronononer is sequentially
‘unctionalized as depicted in scheme 2. For exanple
the silane nmacronmononer is firstly nodified with allyl
The materizinell Havel apeedetendinederefrbctivd irnfex caledlatéd to be the sum of (i)

nd allyl derivat,ve ch a | yl al cohol. The
the NRRY 166 ikss-pEBRIAS. druiale DRodalbi ahulicis Pusriitaage of 40, as
describ&d YaFdveS ath® (HY & RsreQ¥ter@fidd rF@IC\f”I tal%cértéfr'l'eﬂaBgereference to the

subst ance contalnlng pol ynmeri sabl e group such
refractivel a@weh@qul@dc@m@étthglraﬁaﬁa@r grlrcam d r(el EM}F raay Peadro e.g. for

the caff it Enthe JEPERIEL R e PR Bt Bfunied #Bastng paprection). In

prefernwd@hmﬁm@ﬁrsalthgl p.fed@cérhﬁn@d irefbte wéi@@fqh@dmamenal may be
xture of all derivati ves ma

1421 A G AR AT, AT ek 1 2 s SR ONER, h486e1 427, 1.427-
F | f 1
1.428,4 8Bg £ %9 SXATBLEa36 Maxhii AaP) TUANTUzs HidaRTAad, (¥haa-1.434,

1 434-om&5 t1h¢35341 (486 mswmﬂmmemw)msr h13488010111@9 11]!4!399’5440 1.440-
t he 1?‘ggenol are further used to introd
r\-

10 R AT T G B R i TR s, 1.440-1.447,
1.447-39088 A0ER-F0B Mo RO | sabl e oroup such as

azl act one, acry chloride or nethyacryl oyl
anhydride. Two exanples of Z are given as Z1 and Z2.
In oneysmhbodimenty\the refracwmdemofr tree oelbari replacenientamaterial is 1.440

when (TR (10,35 BRJVRELRT 1 2400 i eRu Blimleh el Aoty Blmans.

For exanple, as shown in Scheme 4, controlling the
feed ratio of allyl benzene to eugenol gi ves

macr onononers with predictable and controll able nol %
rati os. Schene 4 Instead of parallel functionalization
vv| t h m xt ures of SI m I ar phenyl functl onal | sed al | yI

L, . L, o oy o
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pol ymeri sabl e groups as descri bed above. Alternatively
they can be capped with inert groups, for exanple as
walepraesess i n Scheme 6. Capping a portion of theCPanz®nnoosse

al cohol groups with inert groups assists in further

controlling the crosslinking density of the final

cured polyner, by reducing 8he nunber of free

radi cally pol yneri sable groups that are introduced.

Furthermore, in sonme biological, applicatipns it .i . .
Preferatiy.hag AN dn¥aRia 4t WPSRa A thg deuiat TRpREERANt siaigpa! used in
step (eﬁ'!réélﬁfs”iﬁratn HRPodSRF|dL, M ni m se any potentially

i Sadvant ageous i nteractions when in vivo.

Al ternatively, such hydroxyl groups are useful sites ,

In yet Bdurthiendispgcihtie presest dgyetionyprayidaseag eeplaidgpiacempiy material

for renifs e o S BR800, AARRGR! L RLAGHL B the sum o
(a) a iRl (AoAboRRctingPrdt8rerdériiradlle Soderef Getween flu42hend 1.450;
alternative nmethod of introducing phep

. | and .
and ()@ yefsactiveoindeyreufastion Tackar| ageeriainfd Pyiiferenge to the refractive
r. 0 j j 0 ri sabl e groups
power?%&%géﬁ’g)r made (fthﬁg(;ﬁgg%t& g%%%%ﬁg}e\?\:ﬁfr{(ﬁ’ 'tf)tég? i ntroduction
of the phenyl groups. Such a nethod is depicted in )
In a fuBhbeeepéctties presehtieolion Exbddesian accomitedating 1®le for replacing

i hydrosi.lylati on m xture to.introduge th ri
tissue g & LIRS FemIar prd Samitsiith 1% 9B0Ye siEbdd BeliRE Pafjacement
materidl. Si | ane functional i sed macronononer af orenentioned, a

cyclic internedi ate nononmer nmay be first

functionalised with phenyl or polynerizable

Furtherhihe ivBnien em\ides En@eﬁmpﬁgrwoy?@anﬁﬁqlaf%{e%ﬁlgs%ggﬁ material
or LRGSR T SIGHBLG1 T 238 gl of pporopia) o

presby@piddomppising4 H) or a similar silane functionalised
cycl osiloxane, (e.g. DHand D6 H) is firstly

fupctionalized w th, phenyl rings_ and/qr ' ymer i sahl

(@) &?lﬁ%!ngTﬁeﬁefqué'VPuH@le?(oﬁ%rlr?ggg‘ é?@% qs%@aﬁgsalargsk}lrﬁate of the
rréﬂgcﬁ}%?ﬁ%%etro%d?gcﬁiioﬂ FWUIRRST i SphyTRSdrREBINBYEMeasurement and/or
cont al ni ng bot nodi fyi ng and pol yneri zabl e groups.

Axasinaiidreobé subjest's eygcheme 8 whi ch shows the
synthesis of eugenol functionalised D4 (D4 E). D4 E is

t hen .| en Ept ; : : :
©)  seidriioR BFIEY of e R URE PR rreston fagi el stop (e i any with

faunsltraINabheerecaihg praféienicerefratibte insdiek of detwédd 1481 and 1.450;

and end group hexanet hyl di si |l oxane (HVDS) to give the

cronononer (20). Polynerisable groups are

attached to the al cohol groups of the eugenol by

r5868Gé& ' i fi ( he sum
(©)  FEPElE S bR B B R R dNiopptex of the

aletganindd )in stepo(bexanpl es of Z are given as Z1 and

Z2.Scheme 8 A variety of phenyl functionalised cyclic

Si | oxanes may al so_be_pr d. 9.S ;
The ByRTHaL: 9ot CaRviReBers S afla oL TiiRaRTe, A pypdfimodating 0L
compriging tntestRldirne en Ol asidpcumeeritDhafiBichmdving Avefractive index of the
respecti Velkl . A conbi nati on approach may al so_be used

sum ofo(a)rapapirat tnondexTecingy ireterainee pIIgGivesndex of gtweem 1.421 and
i cLi ' Ind: Y .
450} g WA R BIHABY EORSLAY Blfor Bbcorid BYJ61LLRod W refracive
poweri retjuivdd ¢e dotract d eefrativerarrmTinio ygapsular bagof agubject.
pol yneri sati on and pol yneri sabl e groups are introduced

by, functionalizati on of silane qr s in the .
Proferabi Hhf ABHEF reRBCH DAL TATaSA et 2BIe A the Bethed furthgr comprises
the sféxﬁ D RUANG OtHe® Douldte régihyamiehs alpkeriil O8RS ahtoducing the ocular

Introduced”in one or nmultiple steps. Two exanples of Z

are given as Z1 and Z2.1 EM or Azl actone Schene 10

Al ternatively, the introduction of phenyl and

pol ynmeri sabl e groups to the , macronononers is
performed in one step by ring opening a phenyl

L,
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cycl osi | oxane and a pol yneri sable group functionalised
cyclosiloxane in a mxture wwth an end group bl ocker,
we@oditzsony| t et r anet hyl di si | oxane (DVIMDS), as BODWI2G0M/000586

Schenme 11. Advantageously, the ratios of the

conmponents in the final product are able to be

controlled by controlling tie feed ratio of the

conmponents in the ring opening polymerisation

hht : heme 12 illustrates another
replac%xanp%gﬁéé%oﬁ% S eb"jla}sbé hesi s. | EM eugenol adduct

(26) is first prepared then reacted with D The
AnothéEbspeaiexfdhe Pledend émventibh e thes us@ ef ani oxulamepetemdrit material for

replacy) (R5uie 10407 ISP SEamRIAA% BB RV iR o e sy of: (a)
neutral t(‘r‘i’cﬁi‘cﬁreéi%g’)' réfdreRle 'be%&ﬁ/g‘?n%%x E‘F Eﬁﬂﬁe?ﬁ A.Stf?lv‘én@ 1.450; and (b)

wo step’ synthesis. Anot eny erivative

a refractive indax eoregetiondablor agdedsined |yt ieferente 4o Ir¢fragtivermmwer required
i H.wth allvyl,phenol. .The functionalize .

to cortéh & Bk o e ot o B R rep S s ieacdiioBiag inypocular lens

for use@lttréatireehyBpRY Pypdtid BEPAIshyopidr oxyl s are capped

with IEMto afford a pol ynmeri sabl e sil oxane of high

rﬁf ractive index, Pt Catalyst Schenme 13 In an

The ogylaraplaceraenignatsiial gt thecpresentinyertien is rreferablyes macromonomer
_ et . . i .

having mé';) i d}(/)igﬁ Hgf@%pﬂﬂ(@m%fwggﬁy‘fﬁg%%g\ lgﬁg?@qgéz,zp}referably 1,000 to

80,00q o8hanhd medreqprafarably 19060 ¢ B0 BONEt. Prefebabl aherstutardeplacement

mator] 'SP BlsSeb RePph iF 5Bk e 2 pURE & et g a moduius
at 37°CWIGEsLMRN SEUPA beférdb‘F)f [RGlth¥g 108X mRdhbyd E%ﬁfa‘%@less than
(eg phenyl or fluoroal kyl group) or a polynerisable

5 kPa.group. The resulting compound is then reacted with a
1, 3-di hydroxyt etranet hyl -di sil oxane to forma

f Iis ' : risiloxane. . . . .
in profBFEG fGOU BRGNS BPECEIRORH i SERlRubnBRaelf Biatsuet s a sioxane
macromemohest. Wi t h di chl oronet hyl silane to
f or mpent anet hyl cycl otri si |l oxane, which is subsequently
functionaljised with henyl  or pol ynmeri sabl e group.

To betjgr '@Pﬁté%tﬁvf@wnﬁ%mmﬁbg iy t'%wﬁ'o@%\pf%dﬁ@&rah%iswv%gyeference to
. y I . » . . .
P e s BB Ie®: hieh, do Nt it the eope of the invention

descrilled- di hydr oxyt et r anet hyl di si | oxane in the above
reaction schenme. In addition, difunctional derivatives
may be prepared by using dichlorosilane instead of -
di chl or onet hyl sBriefidesttiptionhef thiecoinawiags
pol yneri sabl e functionalized cycl osil oxanes are ring

In the ageompanying figurgsesence of D4 to obtain the desired
macr onononer contai ning both R nodifying and

. pol yneri zabl e groups. An exanple of this |s schene 14.
Flgureécﬁ@@rqpimﬁsw%r@@enwaleﬁ&@ -8f thenwphasicabroweREPMeanent from a
messuBSTLATSOHASH AR SILE ARl oA A 09 RSP Erporimona
eyes of a NHE (reesusirsubjest containing theit hatuedlileinses, dhat is before evacuation
ngr havli(gtg?ﬁsi | ane groups the relative ratio

[ 0pQNo
and reﬁmﬁgﬂ SPIRETG ¥ex nodi fying group reagents and
the free radically polynerisable group reagents can be

Figure @[¥ a@rbphl df spbledicaldeg@valends eigaimst tingy ®r &dntrol and experimental
refractive index nodifying group substituent in the

eyes qfalfioyrbninesus) @Hhﬁc}/m flouipeh gavan eaysyafter the lens of the
exponif i LOBSS SRS S Ry B8 Aol POMS) basec

polymermcmateriab imewingegn Réof 0id€d. by adj usting the
concentration of the refractive index nodifying group
substituent in the ring opening reaction m xture.
Figures 1 and 2 show the relationship between the D4
AB nolar ratio in the reaction feed and the refractive
i ndex of the resultant macronononer at 370C. The

-, Y a1 - o, .
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ICL, to reliably produce a polyner having a particul ar
desired refractive index. This is particularly
wa@edaanzsageous in optical applications. FurtherPCT/AU2007/000586
order to finely control the nolar ratio of the
refractive index nodifying group and thus the .
refractive index of the macrhononer, efficiency of
the ring opening polynerization nay be accounted for.
: r.e [
Figure 33s qrfeiA ¥ouferd2) st Bber i (B fhd it EVAS Tedfho.on an eve
containérge fildt ,itsi natural Ieas dngtual),zeadonld, ke dg¢nsunefillddewith| uicured PDMS

atio of the refractive i ndex, npdifyi roup, AB, .
based BoRsTiedbR GHERBRING @ Gitaciss Oaey? 1 40s LHBried) anf hird the lens
' | é‘r@% ' roup i ncorporated in
aﬁertﬁ%f%@%ﬁ%ﬁ?ﬁéﬁ%; e g)e!?g'%r%g'nedpby Nl\/RpanaI ysi s.

. The macronononers of the present invention may be
Figure: drig gna@hfcpfelwnea@plcaﬂhlfpblgyaéva@ws experimeotalenses that had been

evam@iéédz 5&1@ Qé@%%p\&hli '@l@§ Swe%&gﬁeyﬁgﬁét%ﬁﬁﬁgﬁngaay rek?r%ctive index of

1.405CagEinsti thsi faverr PCaidptres for ele irifdiynatardl ilets adasufed Wefing EVAS
a way that the resulting network polyner is free or

testingssentially free of undesired constituents. A
particul ar undesired constituent is starting
Figurd'BGé SMBHABRRI Hot i iRG PR IEX RS |
igureTB 3% BOIARMTN bobie? (DY AUBIISH ool rEbyg o EXTRS tedinlo®on an eye
contaimingefitst dbInatesal terest @isiteral)y secordy thedehs ireffledewitlouncured siloxane

ol r.after_cure..lpn the c f photo .
macrdipe BBinfiq AGTSHIve indi i B 7, BndhiSdhand thirdtpe lens after the
siloxahBirgécrofmef dPabtedl @Urdd)i tiating free-radical
crosslinking. It is preferred that the initiators are

i activated by light in the visible spectrumrather than
Figure & is gngfaphgetating thrdsfrastivenindgxcosrectipn Jaeiee te the efractive power

Y, [ harnful to the eye or
correc{i@bﬁﬁgbﬁgg&r{p@e%%@@g& F:naf;raci_\%ﬁ'known to the person
skilled in the art; suitable photoinitiators which may

be nentioned D%?gi‘féc? Hggémsgg eoﬁ‘?n'ézeq@%.b'ﬁ%@ﬁ?f et her ,

benzoi n, benzZoin é uch as ben

In tes@ﬁﬁfﬁi %fﬂg%&:bf gtalgﬁtreg(—?lqgﬂésoégﬁifi\oiﬁf%%tl?lgﬁ@!ﬂ? {hea{%%entors conducted
expering@its PHIE NRSIERUNTIAC Brifsatas SINHIPETAHESus: ! these experiments, each

_ dinethoxyacetq henone and 1, 1-di chl or oacet ophenone;
subjegidiad the lgas Afitskightl eye evagvaied sadzefilled mithhg Isotegedimade from a

i Qi . o C 0 i,AgN .
POV RSB e kP bBlooCATR S B T0 g wer and ampttude o
acconimetihjdranf thadeftnaaturalidrer and Uight aréfiledaexpetigentdt lens of each
chl or oant hr aqui none ~and, 2- apyl ant hr aqui none;

subjeqt \WaR eiNePr EOMPRAL R | FHISHh M valse RSt PRRAGINAIYAThe amplitude of

i e . . .
2o B BB e 4o GPlor RUATRRSRIon G ore sybgonjunctival
adminisjurabﬂoogoéq)ils’uarpim iedaces the Pey@xtionacctuseoddag@m itsndear focus,
reroo B P SO Sy U R TS Pl st of
eye), &ﬁh@@ﬁé@l@%ﬁa@ﬂﬁ, %BRIRPAES oulBhi idieefe bbYcﬁ’Eiéfﬁﬁ%fter pilocarpine

_ phenazine derivatives; quinoxaline derivatives an
administrstieny | The  diffenencpaine dhenkefiactibensteld afxaneegye before and after

. 1-am.no n ket ones .and 1-h 0 enyl ketonpes, . .

acminf B0 0K af B SN e PR IRGIY e mBHaNH achieved by the
lens. 1- hydroxyi sopropyl ketone, 4-isopropyl phenyl

1- hydr oxyi sopropyl 1-hydroxyi sopropyl ketone,

2- hydr oxy-1-[4-2(-hydroxyet hoxy) phenyl ] -
Figure2t,nihioh i9aepaph bf 8pRerical equivalence against time, shows a comparison of

| - phenyl - 2-'hydr oxy- 2- net hyl propan- 1-one, and 2,

2-di met hoxy- 1, 2-di phenyl et hanone, all of which are

known compounds. Particularly suitable

photoinitiators, which are usually used with visible

i ght sources are | RGACURE(r) 819, Eosi n honol ogues

o ~—~ ~ p— o o o s e
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wi se. Alternatively, the macronononers nmay be cured in
situ, as for exanple in the case of an injectable IQOL.
WO poovh2®sTase the nacronononer is cured or cr oRBGI/ADR®A 000586

in the |l ens capsule after injection. The

cross-1linkabl e macronononmers which are suitable in

accordance with the inventioh can be crosslinked by

irradiation with ionising or actinic radiation, for

f )

the Ieﬁ)(egﬂtﬁk(ghghnet h?'@eﬁ%?fgitﬁergéf) aorftL% e raguﬂgtelﬁgfr)]efo'r@ the right lens
was earamaatekieam refillect Adner apigerldal muakadmﬂceZ&Otheomm power of the eye

when & Efasiod F thediesenisutt Boy akemetpas e edeligyays the plot that
starts 'B%'é 'nﬁ’érbﬁ%ll?rlﬂgh@rn%erldal lequivam dtothkheamestStife (10:40), and the

he“art that each selected |i1ght source
line thﬁqaﬁaﬁesrrwg@atly dowands the exparimenta] eyensing yattioah byoken lines

oo Sy =€ EA OB 1t BEFBBRIRA RS, g

accontraddatiorPandna® indreasé 98 pdvdrk atheeintpsdsanim power andhé heye due to
rate of curing are in direct correlation wth the

accomypeeatian dransies ite antappwierio MyeRid-shiftorl 1e wye's refractive state.
Hencegﬂﬂghg'ylghheﬁééir eq%a'lé"rgzem\%ﬂﬁe Sahé&eﬁggé‘CWlthVQﬂ #e;ésmlg 4 amount  of

one or re of
acconhmgbatlod fThI@swoqﬂotstehle effeetmellwkupenmpnsedi swhioh indicates that the
ni t er mal I It shoul d be hasi sed. t
refracii Yeo§ pﬁ iob apf fperimentals ssqqgﬂelntr]g,,tine;rﬁwatural lenses

was 6@9@&1@‘?\? CBeftdrd N Pﬂ&?arPi?\\ée :Hﬂ)rﬁlhlstlfa%nexpﬂﬁh@r 'tﬁl—‘hl &3inistration of

an twel ve hours, efe y in l'ess than’ an
pilocarpine te ke ey%ayapmob(maiemwmzcandl Hubesnduged s;mlian ghanges in the

refrac{]\).(qee ﬁg%%ymc%hlgf?q cr ﬁgp oegg\hqmm egl%{cﬁgl uciae(%n of each of the

eyes WORDAISORONBRYeRe | ncI uded. While generally the
pol ymers of the present invention do not usually

i nvol ve the use of other macronononers, thesemay be
FlguréJPZ | AN YtHeN GledBsitke %efp?lbégl‘p‘fné hﬁdrﬂﬁhé‘tf@cf& CHRRe S€ontrol and

| east 50% nore preferably at |east 80% by weight
experlmentabem@éﬁlm subject loé FpgweehtsaVﬁmedﬂySOaﬁer evacuation of the lens

capou SRR g 5 VALY LB K38t H84 i mator

havinglevi RE®f 14T t¢l @yt e acsnwsiedbiihg IOC_Ol’ﬂh@auppér' [M&s represents the
corneal onlays, contact |enses, and artificial

experiginiah gye | soriaiping éhe dolappd i that lover ling reprssenis: éhebfcontrol eye
naving e D b€ A oMk Reh Iy BT s ot whic
pilocat;ﬂlee veash adimi@isteasdl Dipd irestinga(wmbh&ﬁodﬁted) eefraction of ’Ehe control

f the noners are ferably sel ected
and e? M?Et??cﬁyeﬁe% esﬁeg%wsreoayrtef’%ﬁe@mtﬁée fapgrigental eye has
about Eg%gﬁ%bﬁéﬂ refkaoh ﬂ{ar?fhet Shitdt e, AR |f1@|c%‘t’@§‘fhat refilling of the lens

cal property Os isthe flexib
with theuEPMS bakedyolynseric aiateridllivcudss & hyperopid elsufttdfapprommately 6D

which Sncarft el e tome Ret e/ i R 80k Randhe orire! efeupe

of alens filled with the material, thus providing

SR R THIN R  —
shift M“Bﬁ’él Ir&flldcs eﬁpérﬁhéﬁt@ﬂ eQéOWN dr |r{d'@éte§‘%blatbﬁ1e"rpwg eb%sed polymeric

al so. Both can be neaSured as force required
lens digenetrprosidersudiicient paveer tasreatqreme lensrindis naturah power
pol ymer by neasuring stress against strain. The E
nodul us of the polymer of the invention may be
Regargingsamptitude of adcommadaiione as Rhewvtmdndrigure Bdheiaverall change in the
controlled stress rheoneter may al so be used. For an
injectable, in situ curable, acconodating |Iens
application of this invention, the E nodul us neasured
by a Mcro Fourier Rheoneter is preferably |ess than
10 kPa and nore preferably Iess than 5 kPa The E
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conveniently used for viscosity neasurenents. It wll
be appreciated that while the nmacronononers of this
WO pwentdosh nay be used al one to formthe | enseBCEHAU2007/000586
ot her bi oconpati ble materials, other materials may
al so be present in conpositigns used to formthe
bi onedi cal devi ces. For exa e, diluents may be
present as well as other nononers, including other

refracf%%é\ﬁ@ﬂ@ﬂﬁésexpﬁlnﬁ’érﬁépéﬁféllé adrﬁﬂ?ﬁ?atflﬁ%ft bl}b%ﬁrﬂlﬂe indicates

he nacr onononer precursor, wnhi C
that tbeanfé@doH@mﬁtlaecgpalylﬁelof bammwmedabmx |hluwem the results from

oxperle 2R SheioRP” B Sy BRR BARToh, BRSNS amptude o

acconﬂﬁbdi@tmssﬂcoﬁlyedbmult r@30"';’/€3Q)f( st of ithe CoRGA %yes Accordlngly, the
CE?CI fication VWhen used as an injectable, in
amplity QBPECOFH iga achieyabla by theePBdlp besed @nlylnnmmnagsless than

thatoﬂﬂérr{é s of the invention may be introduced into
ens u3| hg an operation that is in many respects
identical to a current cataract extraction and | QL

The dFRERELEL 1 Rol B 814 AR BRI HES S rs wer

confnrmmizldsmg)an&ad vivo Gicsbatmodativhdsinillatoh eEVASH: Thi%’qfr\bchme simulates
rovi de access to the anterior segne

accomﬁd%&nﬁ@s B0 164 ¥ lestoeenEY ﬁ\ﬁause%m%@t@ct ciliary body and zonules of
the cQ@a‘\VéFa%ﬂ)e%g'tﬁalmé‘ﬁﬁEUfalt?ucaps 6{10&’ ntﬂ cadayer lenses, so that

cycl opentol ate exi s
accommnon idli eeninéetveed) ini the restes rmanmalrlas for o li\& ops.i IDbl@ﬂig/ ndnipulation

o solld 5 e e i 1 e o
dlamet@ﬁ f(fftalé’de'ﬁlciouﬂ‘\e,n @rﬂdﬂﬁlt ORNIERX sBBEEH] O@ﬁ%‘r? be%ﬁﬁt’éh%@ﬁél?%easured

onposi tion including macrono
When ?rﬁﬁéiﬂvebﬁYBs!S iptgasst incthierft\VAShthe powet-stretch axraprswéleload curves of

e 0008 B IRURSE 938 Bbelg b T Ao Becusten an
refllleddw e@bctmciu@@lényna&x@m%me@é ahBerefcasufed. Thd hfachs 890mers in

ultra violet light. , Follow ng such techni ques an
the capyylarhag ganshen %\:tr@d phyaf?lm@m yeerrisstion aad the pRwesred the cured

TR S, e B0 RRELETBONRIS) n O, PG ana v

(rhesus)gaetavpr ey&s.anpl es Exarrpl e 1 - Preparati on of
functional cyclic siloxanes by hydrosilylation of
1,3,5,7-tetranmet hyl cycl otetrasil oxane (D 1) The
VarlouaMdch(the:ﬂmlsémndd1Waﬂﬂ)&@éQWér§é|tééﬂe@lmélﬁg%é BEVAS by measurlng the

si | oxane d represented by the foll owi ng sChene:
Changeei{hﬁﬁW€r P&?Qﬁ@‘ 2 ﬁ NPt H‘Q:%M@ @sed faeior @igln@ increase in load

U Rt |
oplo o1t 081 LB g 5 e .
the Iendm@psUlaedbagrreﬂm%ﬂ b;afamltur)curedi WMSI rased polpehebietrhat@rial having an

Rl of afgb?s kw%’gigﬂ@nﬁlqﬁ%l gé&jg &asggré(;ﬂg&eng material was
cured. Claie%leyﬁésté[ﬁdwecﬁ tl"télra@e %f"&'\érﬁﬂé ofTI%ﬁ ﬁ%r X@g«:zommfodatlon or

shrouded in alumniumfoil to exclude
disaccomanodatien) givep anghanger in thee ammonfemuecolawfemef emrted by the

e condenser. The solution was then heated
Clllaw%@t%ﬁ%ﬁ%%gr 18 hours. Analysis by NMR showed the
reaction to be conplete. The sol vent and resi dual

he roBbl by B T e 5 M S RARANC et
having eh R gf 1 dl0gGene d@vdn i FiRfed. T %‘5 hléllld\v‘l)éfe the work (load) required
OpIC ata for A|\/|I own in Ta

spectros

by the @E%i’%d?c@y zonules ghHieyin Qjﬂeétfbs)b&imeﬁheapm\}Vekaheach type of lens.
nmonomer functionalized by allyl benzene (D4 AB)9. 746g
of D4 H was dissolved in 10m of dry toluene in a
round bottom fl ask equi pped with an air condenser and
a drying tube. To this solution was added 0.202g of
Karstedt s catalyst ([Pt]— 3 4x1 O 5 nmol/m). The

. ™ NN N e o e

o o R
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obtain the crude product that was then re-dissolved in
10m of dry toluene and precipitated by pouring into
WQB®m128085 met hanol with stirring. Then the prePCPAUA102/000586

was allowed to settle and the supernatant was

decanted. The precipitate \N?l dried to constant nass

to obtain the product as a ourless oil (15.91 1g).

1H NMR spectroscopic data for 4 AB is shown in Table

It alsolshdi&@tfm diffetdhdeoinlbdWel éh@%bo%ﬁ&idt%ﬂaﬂésg gcﬂ’&h'tﬁﬁreflllmg of

noners are shown in Table 1. Those of or
the 'e\"?l Gapsule: ¢ Thg dioht-kasd, Qﬁ@fnltm@f,éhgrreeulﬁ toveartis ebeboad of 8 g) is

enlo 2, 1549, Y8 St o) 5L, R “rhWrosans

restmg‘ (mracconmmdaidd):[seﬂaouvmmm?ehwr% pTﬁ‘@%ﬁﬁ:a'l Blsplacement of the

lots 34 ne léo gﬁa tﬁ[la ﬁxcess of the allyl derivati

P a(t 58 doaq, shows fRatthe g filled fans @vhen cures @ndmngl@)i)dmas less power
el

than th® eRtiraMsehuaR G&GSW g&@@%@&ﬁﬁ E@ ting, @ hyperopic

(usually a Pt catal yst su

" shift hggtm%mducaéat@emfﬂllngrTlaaa(aetdI&isIe‘risl hasl Idsk yener (i.e. is relatively

hypero‘i?)r @pﬂfgﬁdﬁﬂ Pﬁ‘se%ﬁkqgg‘ﬁ %%?ﬁllrlaé:%\tﬁh foﬁ’]ola@ﬁg]%su%eﬁgure 3
lndlcatErthbrr@Ite @f dcdorithodRidh3eNHe Ién’é fé)'rciﬁlf erfﬁ’ﬁ?trg‘l]%ngf E&Q@é of ciliary

was added dropwi se to the solution o ani s

body/zppuigedoad. Thesoraslignts ef the refiled riems@n(m (555!37@ andhi .53 h?aig uncured
and cuP@c?Peéii&ltl@éil E 8re Ié@ %:%r:"u F‘B‘%&ﬂra tl%n§ ggré)gab/g) lndlcatlng that

reaction m % ure
the amphiqdesaiflaceommbdﬁtiolhrcﬁdhé P&filRd IBﬁ§é§ we?'—é‘ fodd tfﬂéld r’cﬁat"lﬁ‘sthe natural
lens THI | ut ed Ivvl th dichl oronmet hane (20m ) then coo
- Thegeresilis are soasisterd with thedNHBddalsm car bonat e soI ut| on
and adjusted the pHto 7-8, water (30m) was added to

aid mxjing, The m xture was extracted wth

In add'ﬁ?'& ﬁﬁ@%&r&? Hasts indigaieg| thatthegiesulisl ohther NHR éihesms) tiihle and tests
d

prov R iEBEISE 1B A5RS04 o BLHR! e 3 aon n Fiowre o

I ori

shows fan tappeaianatiely olinesnt relationshib thetgeas wHar 5nﬁiu@|‘({j\”bf?hi/per8plc shift
product s’ an

3% Th d t d 2
attnbut%%l%%ﬂrqr} %;%ﬁrfrgéng%g < m S e_vS%;Qﬁatlhggnglabnatural lens. This almost
d t ¢ t 1 r' i . n | for
et TS O Y 3 e S
expermqqr@ghqaxtra}ml@t}/qﬁ off Umeselpmenm)esmhmddnsl to a solution of

eugenol (5.00g, 0.0305npl) and
i socyanat oet hyl net hacryl ate (4.74g, 0.0305nol) in
This sutpisirg discoverty, ofdan edomreﬂweCprQér and Bnpliaais bD@chr?m%Stlon of a

rofled Y6, SbUi skl o8 B P o fa%tq‘}‘é‘%ﬁglﬁéf&mq fesis shape,

Rt S e

modulusg 0f; theyPINGSi h@s%mMmem@m&mhasrﬂmt Eefrzfctlve index of the PDMS
based ézd'lgr‘h%h ?ﬁ%ﬂﬁggp rR/‘hé)il I%%SI l ot Eck o g etertgg‘q%g%lge}s H"tgsl,gx across

the refillegdens.eat nent i ncl udi ng the repl acement of the | ens of
an eye with an artificial accommodating intraocul ar

lens. It can be used, for exanple, to treat

Wlthoutme&s@mahd byE@n)kmédr‘?d)rQﬁoéé‘%f 'aBﬁSHtfh%ncaU%ee Sf‘%nre‘?r%ﬁtlve error

npl ex sensory organ. I ncl’'ud€s a cor nea, '
seen in Eh%BF'"b'ﬁ? é\nth\ééﬁeemnmﬁnteﬁs bxtpcsthbsglad todyesdes to aLrhSmatch of
h I rol.s, the size of th
the refradthe IR e TPRMS Sl Rl TnGlAL \Srch e SoRfatmaleN fet1, and
the equegedaentamiramw@nsd@mlrehu‘f@tlﬂ@&%sid?é théc@ﬁﬁcﬂﬂ nderBFtl es, %)ower and
s

vitreoys to the retina. The
accomnboé?g ngroigﬁ? de'ﬂ%s% % peturalostate. tHiiel l‘yymﬂm&is dsisupgorted by the
cortex around the nucleus and an outer capsul ar
region. In the adult lens, the nucleus tends to be
harder and has a relatively constant sectiona
refractive index, whereas the refractive index of the
cortex |s knomn to exhlblt a gradlent Amy obstructlon
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vision problens are alleviated with gl asses or contact
| enses. Anot her cause of dimnished vision is

W@ a60anz8065 which is associated with a | oss of PENaU2007/000586
transparency in the aging eye. Sone treatnents involve
the surgical renoval of the natural lens. An
artificial lens is then needdd to restore vision.
Three types of prosthetic | enses are avail abl e:

vendG8 145hof) 38 e . g1 VDB s By oo

1.445hpeoducernd i@ pavinigssimilanpbeenehng @vplituds sfesdcoPimodation to that
e magni fication and side vision distortion.
of a n@b&ﬁ%‘é@ﬂsr Ehagasylissef k¥ ARaliipiopsingdhpriighent! aslypreria waterial are
it S ffi
showrw'gnlﬂpgté;‘g pgﬁbrh}fli)wfl %gﬁxﬂllelf’g rﬁsﬁgz!ﬁ??,evr% Ssg ndCrHE%\sﬁr%ments were
taken &dr thet rlmrtutalsiens dhd leme capsulan bagdefrldnfd byrarourscumbd shlaxane based

o i 5 W S i
polymeR® AsdteAal was gu Sugﬁﬁar?] Mtet'Hé r‘e'ﬁ"rl‘éﬂé lEHCat HOthrtﬁst%hSQ focus (4 g

power require cont act nses are
load) amd:oeﬁbfocarsl ® artebd)ds rampr@bemat@y emm\ralemtetc»tthemmr ofothe natural

ens, TigERrg, BR°blediel’ RS pterdl melterevely o nEaleiE iog yperopic. shit

previodéll/ e rhltﬁé NS Qpider BAStidiies AisfHpte [Blvas FRe matefals. Further, the
contact | enses. Known | OLs include non-def or mabl e

similar; gragkgnts ofthe dhtrenplots indicaie dbat thiei eaturaly ua@une@rmftr cured lenses
r hydr ogei s or
all havfe ?qm"HF rlr@s(]%s‘]#gb &%Irde [ rrpl anted by naking an
| ncision in the cornea and inserting a prefornmed |1QOL.
TheseTr:estulteaindthartzhrat dhet frefractiveirindiex esquired rtenmstoreb ¢ mower and
I.OL is inplante proce

accon]ngoqlgﬂn Rl lé%ee %o %ﬁolﬁ?‘ﬁ‘ ?q digsnalura aéﬁ?%rf %HESFE’L‘#SWOUH be

predrcfé&ieﬂoh'FWhéf‘@EraUW@hQﬁ’y tﬂlﬁrg‘?ﬁﬁé LHeeth‘él éqr!ubslent refractive index of the
capsui or hexi s; a € typically of a few nm i

lens. di aneter made at the anterior capsul e surface The
capsui orhexis is made to provide an opening from which

sccordy R Sl SR bl URe Buf AR 1421 e

1.450.dvé NRRIfpl evsaisi primattelisl absesseacdoeep avdsred MQBSaHma’V @44, more
n devel oped. These |l enses nmay be rolled up

likely f) ﬁ%éﬁ%ﬁ“ﬂﬂo@@%"'&elg faibe akgid 1 40 cRhaUNFIRL fax @rfﬁam?egenerally is
assesécgbc't@b%nbét%e%% %zxr 1 th%f%a?lrﬁélyvlﬁett/veéﬁ P4588dFY.438 and

ter capsul or capsul e
likely tBnipe ladoout o4 Z4. oftse NRRIrfw*&BnamsmvdletrtﬂJagkmf 4;!1)135 asgessed to be

vetwel S5 Kol MFAL e B LGB 3L 98 "1 T AR o b abou

1.427. F‘Pﬁe@WPvaﬁ@%yﬁr’ 29t S8V AMEE QAR b‘éa[]s&? |H3rﬁgth‘8'd%hof the present

these small incision techni'ques.” Hydrogel |enses are
inventigs Hpd maeearing: materialssfor tticonmanetatingulQlls $hatedrgdsuitable for use in

i.n capsul ar bag. To be suitable as ICLs,
humar%q Qeaétgfﬁﬁaggﬁ | enses require not just appropriate
optical properties, but also nechanical properties,
For instarede, d8e NRREmayde usddiora method of tesrintiny thé FOResfadtive index
themto deformduring inplantatign and then regain
for an ogular replasementynateriaHiteipplacing, fissia Iy the, saPsiae bagicpmprising

f h
combiffif 2 biral i b ot B TR TBRES (RApt e ek Bl 1.421 and
1.450 with sc rafraabivetindex wberaction factar, asoedtaiechby refererase to the refractive
opti.mal, sol ution 0, not restore t he near
power\r/ﬁg%li"fﬁd an(boif)?cftﬂ@aw&fét@%‘ﬁ M9 of the natural young
eye. To further develop I1QOs and reduce surgi cal
incisions to below 1.5 mm techniques utilising
i njectable | OLs have been suggested. Injectable I1O.s
woul d be inplanted by lens filling (or refilling)

procedures, such as Phaco-Ersatz. In such a procedure
thenatural crystal I [ ne rraterl aI of the Iens |s

o, o o s o s o - o



10

15

20

25

The properties, such as viscosity, nodulus and
extractables, differ fromthose required for
waledoonesabd e |1 OLs. Consequently, material s usefRCT/AL2007/000586
defornmable 1O.s are by no neans suitable for use as
i njectable 1 OLs. For exanpl e, polydinethyl sil oxane
(PDM5) has been enpl oyed as ® material in fol dable or
defornmable 1OLs. In the injectable I OL context though,
The RRMELIVESHARER reqURdd | ViR! JaREOBY! i
o (SRIIZ RpREL, oURt TR, 2eSErfE, i, KaofH MeRORY! Sptometic
examigatien.( Forinstarees dpas Wistanba ggfractiver stata of magpafientardy desassessed
. this deficie hi.gh. vi.scosi t ol ysi l.oxanes hav ,
using e el rialfviie oAt ioie suel 4% subieghiss i achon (employing e.g.
a lettéf IMBACKNAT tri2ll HPavieSBAR! {rikl-fdrlskSOBE Varidus NBOWERSYof 8h objective
entrap air bubbles, which can inpair the optical
refracieral istigh o@s teéinpeeanyt i ey 3 rroeigc tmogdersio autdresfragtemeter. The near

i { L4 rageon physical | inlect in a,ver
refracfii e ey % pacteR g b Boint kit Bh St unGsdopy.

force. In addition, it has been found that
The rplatgod rRIGFOshayXan ealdudatedginakhowh vagstusing oduitable formulae. For
. di met hyl si | oxa]ne units may have an unacceptably | ow
'”Stangﬁeé’?f'g‘és gradeieymayt e tassulieded) osdeT & @eiculalgt ap HRICF from the

iraHe n t esd al A f e @k ayer :
easBSGUelhS Brr, SiC pokle 1000, SRAICHOFIRLT® I wil be
undergtoodithéi any bnewffa humbkee o diffené e eymnmotietptenld he ased as a basis

1l 1. reguire phe surgeon t ual |y .express Y
for caltyatin fs IFaio oty SR een dRICH dPialetfBrtivor seor drinar, it will be
under$tobd thbep&ridtion mImblelsl whlildn@saR 9n SHEhiN different relationships being

process. Therefore, it is desirable to flormul ate
calculgiedeesses for replacing the natural lens with an
accommodating I CL that provides optimal results in

o oS8 g 3y 5o AR Syt 35 BREAS g and
imprecise iratheclirdtalasgtting amdeproxidatehrileési calduleting ROFabased on the

and tical qualities so as, to constitute an opti nmal
same Fﬂ?&egg% HW”ﬂB?'QW@ genPg dafiprd WhereBYence to any

prior art in the specification is not, and shoul d not
For Mf$pdsaken ag|cen= pokpovdeipment or any form of
suggestion that this prior art forns part of the
common general know edge in Australia or any other
For Hypgreres:ct i GICHr= Riax Ot(?QQSpri or art coul d reasonably
be expected to be ascertained, understood and regarded
as re ] ] d.i used
her ei n%\é?ﬁ t§>?}ésr ﬁeﬂ%@r‘%%frﬂ\(e: étl.rbtlﬁ)dcé}gerc%t Ert? Fg)ﬂ;rp tstreof )h e
term such as "conprising”, "conprises" and
As the RIGHT deed"notahavanat linedar nelationshig xwithudefratthar error, the rules for
addi tives, co nent i Nt egers or ,steps. Summary of
myope ] hRRTOPER AR 10 ARER BE51G BSRBIThent s to ref] |
the natural lens with a soft gel, it was surprisingly
When f @8l ih hirethdd) T eBBRg PHiedBY&Sial rASia) of NSyperopia, the ocular
repl acenent induced a refractive error (hyperopla? I n
replacgmenimatarial meiynbe dntreduaad inteuthe eyt usingda flens refilling operation,

T N e -
proceduep | (aae dextid-bapsulat ertractidn phecetiur®). refwcitd ibee unbdemstood how to
. RI) no refractjve erraor woul d be induced. o

'“’fmdbﬁ?@n&@nmaé%a' topthecayenkas @ &Atelineereen| ingision and a small
capsulief] idgre Fe: Q%E'gp‘(/ﬁr{ibﬁﬁw %rnstéb‘?egl’ﬁ%ﬁ@ﬂ?b%[ﬁéﬁ‘f% %ﬁd nucleus)

ex of the hatur uman 1 ens as being
are extradtetl. 4 oculanaepleemeatitsoatesiabis irjedtedi ihtd ke lirgast s capsule

. an.eye i s _evacua and .the capsul ar hag refilled with
using 3o ff¥epalr (&4 apPaa oy dnpRasanTe; Aed: Swingendeietom the lens.
range for the eye, such as dinethyl siloxanes having
an R of 1.407, the resulting power-|oad and
power -stretch curves show not only an induced
refractive change in the eye, but also a departure

o o o o, a1



is typically greater than 1.426 and | ess than about

1.442. More usually, it is between 1.426 and 1.438. In
wor®7ardostli ment, it is about 1.427. ConsequentPgI/AUEN07/000586

one aspect, the present invention provides a nethod of

determining the I1OL refractive index for an ocul ar

repl acement material for redlfacing tissue in the

capsul ar bag conprising conbining a neutra

OntolgBFRBETEL A3heS R FREEHA AP 5o SR R B orposuro o

visiblec®r 0gdighen factor ("RICF') ascertained by reference to
the refractive power required to correct the patient's

ctive error (i, edne
The ”&ﬁ#@t‘@ %ﬁfﬁt%@f&;&e w%awﬁdpﬁhgg waﬁg@ aggamonomer of the
e different for rhesus prlnates and humans,
struct} ggﬁ?gﬁo?her substantial simlarities which have |ed
to the rhesus eye being a widely accepted nodel for
the human eye. In this specification, [gone of the data

i s based on rhesus eyes, skere t is assessed to
] pre i . 435 and
b 1. 440 The NRRI f or

be between 1.426 and 1.

1.444 and likely to be

humans generally is assessSed t be en 1.421 and

1.442, nore |likely between 1.436 and 11438 and likely

to be about 1ﬁ427 The NRRI huna over e age of
t

40 i s assesse bet n| .4 6 nd nDre

likely begwe d.4 shod |1 a s;kely bout

1.427. TﬁL\(ﬁﬂ tlvd pe \ be a essed
5 in known wa by optonetric exantnatlon T rel at ed

RICF may be cal culated i n known ways using suitable
fornmul ae. By adjusting the refractive index of the
pol yner used to refill tHeOM¥HAR lcapsul ar bag, one can
correct refractive errors (such as nyopia and

wherdily %%ORJ Pmolthi 5 id Qg@ oM His 0026 %I?atthe‘hha%r%monomer had
refractive state an prescribing a mat er i al th the

the folbawingathar&dieristicsact i vei ndex to 'neutralise 1the
refractive condition Further, by replacing t he
har deneg—rateri of—a—ptresby frattuf-al—ens—wth a
soft gel“h & ‘@ a correct NR?p71ggconnDdat|on may be
rest or e< Lect suffering pr nch\/nm a.

|t o a-subj

Accor di éﬂj@@§ﬁ@@her aspect )ﬂ 445? present i nventipn
is a nethod of treating preshyopia of a subject by
repl aci nYisdasiiMe i n t he subj ¢8298 cSpsul ar bag
conprisiing the steps of: (a)!obtaining an ocular
repl acemiit material having a1Bg74acti ve i ndex
equi val ent to a neutral (non{jcorrecting) reference
refractijyg i ndex of between 11484 and 1.450; and (b)
replacing the tissue in the subject's capsul ar bag
with theocular replacenment naterial. In step (a), the
NRRI is preferably between 1.426 and 1.444 for rhesus
pri mtes, nore preferably between 1.435 and 1.444, and

10 The mamompnefrar@tﬁleerutmt mayihe syrthestsedsrsage auitableynethad known in

the a RRI is desirably between 1.421 and 1.442. Nore

sually it is between 1.426 and 1.438. In one

enbodi nent, it is about 1.427. For humans over the age

An adOént‘é@eoUb@nétRBU byswﬂlehIthelﬁhﬁnbbammetﬁaég&t@@ﬁbdpéé& attached to
More usually it is betmeen and 1.438. In one

42
a siloxgpgdimasiemonome) iHo 4. MOS' I#tipn HeaCHepediorofnsigce, using
hydro§} }ﬁ’étﬁiht oh%vﬁl%btd?ﬂoﬁélﬂét e t?as'fﬁlrﬁgﬁwy%ub dn%rmlnal silicons, the
opi a, hyperopia, or presbyopia of "a su | ect
15 phenyl epdanetimarylateugroupstdre attaghedttodhe sgilsxaae blaagbone using the allyl-

conprising the steps of: (a) calculating a refractive
i ndex correction factor based on an estimte of the
refractive power correction required, if any, derived
by neasurenment and/or exam nation of the subject's
eye; (b) determining the sumof the refractive index
correctlon factor of step (a) i f any mnth a neutra

Y2 L ¥ o . I T .




the NRRI is desirably between 1.426 and 1.442. More
usually it is between 1.426 and 1.438. In one

wepdvodzseent , it is about 1.427. Preferably theP@OUAU2007/000586
repl acenent material of step (c) is an ocul ar
repl acenent material for repHgC|ng tissue in the
capsul ar bag havi ng sui t abl € properties for an
accommodating | ens. In one enbodi nent, the ocul ar

precufsops, aéll%/!“b’éhz@ﬁé Qiﬁdabllyl-ﬁnéthébr‘y@tén?l ﬁfé‘t%@i kn&WhtodPose skilled in

one formed in situ froma cross-1inkabl e siloxane
the ariv@ohems b iflstratesa hydyosilylation deaetiaibl y pol yneri sabl e
in situin the capsular bag. Suitable ocul ar

repl acenent materi Is [ 3Au e Jners descri bed
in this speC|f|cam CT appl i cation
entitled Blologlcaﬁ'p |§él| ne UVeEx T C Hughes

et al filed on thét Mespe0|f|cat|on and
claimng priority fron1US pHBV|S|8naI pat ent no

60/ 796, 936. The material w |l have a predeterm ned
refractive i ndex cal cul at ed ge the sumof (i) the
NRRI for rhesus primates, hu “ﬁégerally or hunmans
over the age of 40, as descrlbe aQove and (ii) a

predeterm ned Rl CF ascert ai néd Feference to the
refractive power required to correct the refractive
error. The RICF nay be zero . r the case of an
emmet ropic eye (i. Q}e%r‘o MF’@ ui¥¢ ng any
refractive correctiony pr SENBOdIﬂEﬂtS t he
pr edet er m ned refraMﬁlve |Mﬂ hMenaterlaI may be

1.421-1 .422, 1.422-1 .423, 1M 2 -1 424, 1.424-1

. 425, 1. 425 1 .426, 1. 426 1 427Ph1.427- 1. 428,
1.428-1 . 429, 1.429-1 . 430, 1.430-1 .431 , 1.431-1

. 432, 1.432-1 .433, 1.43 ~A34, 1.434-1 . 435,
1.435-1 .436, 1.436-1. 43%%‘&%?- 1 .438, 1.438-1 .439,
1.439-1 .440, 1.440- 1.441 , 1.441-1 .442, 1.442-1

5 The addifidn oI tmahénylélaﬁti niethdetylate §rupslugidg-hidrabiiGlation reactions may

10

15

447, 447-1 . 448, 49 or 1.449-1 . .
be eﬂh@é@ T gAY S arg $ilariedinaianalgopoaeto Sfanerunctionalized
oyl gRate RIREABS by lrd Bt e b fly ieton o
form f the humassrrerdeenbl Wuitahlen tayelic i ngilaxaopi a intermediates  include

totrarf AR BreSTRRER Secomidtd i ng 1Enery el tichRefier T (@),
penta&itdycldpgentasipxant (I g‘ioemtnéxanfétnw&,@ﬁ:magweﬁwe (Dg").
replacenent mat eri al replacing tissue in

subj ect's capsul ar bag having a refractive index of
In thetfﬁ'@vg'uaﬁphenzeas, vherefiguies sHeR -asoia=80: birgd” pee previded, these are
(V)

mol% SEERTbF e SO SHICHBANEER, And B A declifiy A0 ddbbnd ith o,
and(:DEFeanad.to the refractive power required to correct

the subject's refractive error, if any. In a further

ec t he resent nyenti on.provi des an . - .

One a3 PFPReE HBRe TUNtaORIREY MATaMeRomes it spfigient silane
functltﬁﬁﬂﬁu*t@rall@ﬁ\g |ﬁl@6@u¢tﬁinn@ftﬂiﬁh ath@VEhQﬁﬁC{;f RpR apd! ﬂfe methacrylate

repl'acenent material. Furt e inventron provides
groups het Haatabmepraacml@nﬁgfmtloaalmd m«mrammmem@aer bal sequentially

ropia (i.e. a refractive
funcho&n%!%é?d %gc gcét m%&gerﬂg%n yper opi a) or presbyopi a

conprising: (a) calculating a refractive index
correction factor based on an estimate of the
refractive power correction required, if any, derived
by nmeasurenment and/or exam nation of a subject's eye;
(b) determining the sumof the refractive index
correction factor of step (a) if any with a neutra
(non-correcting) reference refractive i ndex of between
1.421 and 1.450; and (c) produci ng an ocul ar

repl acenent material having a refractive index of the
sun1detern1ned |n step (b) The |nvent|on al so

o o Y T L T ™y



neutral (non-correcting) reference refractive index of

between 1.421 and 1.450; and (b) a refractive index
we@enrazdosn factor ascertained by reference toPCT/AU2007/000586

refractive power required to correct a refractive

error, for the manufacture of an acconmodati ng

intraocul ar lens for use in'?}eating nmyopi a, hyperopi a

or presbyopia. The ocul ar replacenent nmaterial of the
\gtesent invghéion is preferably a macropononer havi ng
o

ik cosit g bekiare awmpeg of bet wéen/ 1, 990 Fand \150, 000

fs'icsti'\pfef /e\gLabI_,gi 1-666—t6—80, 005 zan e O o

H pyséf erabl'y 97800 t o BOHO00 cSt. Pheflerapl \ th ocUl%ar
repl acement material of the present invénti'on R
curable into a polynmeric material having a nodul us at
37C of ~kess than 50 kPa, preferably |less than 10 kPa

an preferably less than 5 kPa. In preferred
enbodi ments of the ipvention, the gcul ar repl acemen®

materjal is atmsd neol@¢r 0 . To\better
illustrate the iﬁaéﬁgso , ggEﬁ éng NTwrilis now be ©
desgcihdgd Wi th referencéato) pa tldular odi mentms camigst
exanpl es, which do not lini{t the scope of the

i nvention described. Brief description of the draw ngs
In the acconpanying fig , Figure 1 is a graph of

spheri cal equival ence (i t he spherical power
conmponent from a neasurenent of the refractive state

ms&f q@/ :ag i ti for control and experinment al
e ot i Rj ect containing their
nat ur al/ d\enseg¢ \t\nat i/g before evacuati on and

refillingf thesexperinental eye. Figure 2 is a graph
of spherical equi\val ence against time for control and
experi al ey of the NHP (rhesus) subject of

Fi gure even after the |l ens of the experinental
eye was evacu d and refilled with a

pol ydi nmet hyl si | oxane (PDVS) based polyneric materia
havi ng an R of 1.407.Figure 3 is a graph of power (D)
agai nst load (g) resultifbghémeR EVAS testing on an eye
containing first its natural lens (natural), second,

i S [ ke P sed. pol.ynmer i
AttermeI8ly; S Tofc; hidhlin®, BRRELRE RRst Tarcuatunta) phenyt or
methacyidte fgrodps fend éven aUbjrctédrgo RING opesity PBlyRhéMatioh. Scheme 3
h ur ed Cur%%). Figure 4 is a graph of hyperopic shift H
s OWS?*ES? Sypthesis @%Q%@F%%ﬁnglally matkylaemiate funetianalised D", which
would fd | ased polyneric

'ﬁgﬁgﬁﬁgﬁﬂﬁgsﬁﬁgﬁéh%gﬁﬁ%P?pﬁgﬁggggﬁ'of 1. 405 agai nst

the power in dioptres for the initial natural |ens

measured during EVAS testing. Figure 5 is a graph of

power (D) against load (g) resulting fromEVAS testing

on an eye containing first its natural lens (natural),

second, the lens refilled with uncured sil oxane

macroner having a refractive index of 1.4457 (uncured)

and third the lens after the siloxane macroner is

cured (cured). Figure 6 is a graph relating the

refractive index correction factor to the refractive

power correction required for one exenplary nodel.

Det ai | ed description of the enbodi nents In testing the

efficacy of a soft gel for use as an injectable 10O,

the inventors conducted experinents on non- human

primates (NHP) (rhesus). In these experinents, each

subject had the lens of its right eye evacuated and

refilled with a soft gel made froma PDMS based

pol yneric material having an R of 1.407. The power

and anplitude of accommodation of the left, natura

lens and right, refilled experinental |ens of each

subj ect was then conpared at various intervals

post - operatively. The anplitude of accommobdati on of

the | enses was tested pharmacol ogically. In short,

s T o, N L R o, o T N
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was evacuated and refilled. The spherical equival ence

is the nean power of the eye when averagi ng out the
w@e@3aesoss of any astigmati sm The control eye PGI/ALZ007/000586

plot that starts at a marginally higher spherica

equi val ent at the earliest t{qne (10:40), and the line

that starts marginally |lower'ls the experinental eye.

The vertical broken lines indicate the tines at which

pilocarpine is admnistered to the eyes,~~nduci ng

accommodati on and an increase in power. i ncrease

in power in the eye due to accommopdation tkanslates to

an apparent nyopic-shift of the eye's refractive

state,, Hence, the spherical equival ence value

deckgéges pﬁth ngégffgpg anount of acc dation. T

two piobs /are e |y superinposed, W i‘@h_/é/\/@

i ndPcat e§rhat the rgf ractive state~of-bath

congitol @nd experinental eyes ﬂ:ﬁ ai ni ng
| efisé¥¥ias consi st Britatalyeif or e pihgcar pi ne

admi ni §trBtion. Further, the admi nistration>of (19)

pi | oqay piine to the eyes at approxi mately 10{47 an&

11: 00 i ndyced simlar changes in the refractjve state,

whi ch indigates that the . anplitude of acco at i on of

of the e¥gamm%{e al sg.cofisi stent. Figure 2 shows
0 ocar pi nejadntni strati on of the

nat ur al
~

I gﬂg experimental eyes of the subject of Figure
1 seven days alNter evacuati of the | ens capsul ar bag
of the experinental eye and fnjection of a PDMS based
polymeric materi al having anN\R of 1.407 to form an
accommodating I OL. The upper/line represents the
experimental eyeOcont ai ni ng/t'h ICL andd he /l ower |ine
represents t t ret\eywa lhavi he~hat | ens.
Agai n, the verticaP broke hg indicatec}he times at
whi ch pil ocar pine was adm ni syered. The resting
(unaccommodat ed) refraction ofNthe control and
experimental eyes of the subject wer&@Wuite different.
The experinental eye has about\ +6 D hi gher refraction
than the control eye. This indiTates that refilling of
the lens wth the PDMS base lymeric materia
i nduces a hyperopic shift a oximately 6 D which
nmeans that the experinmental eye has | ess power than
the control eye. The inv Q%%rs di scovered that each of
t he subj ects consi stentl& Hl?r?enced a hyperopic
shift in the refilled experinental eye, which
Using tielnfabRalstdid nidiBodNPHRA PRSP it BRibR, Ferﬂétéilia‘ﬁ_ ‘a higher (or
provide sufficient power to restore the l'ens to its
lower) fiefragtive ipdermayRbgpradueedimpbrdenteinoiuce e eframtise ipomer change in

o e R RoE G o PO Bh R8I0 W ergrespiny nc o o

same @68 praducat bogelohawhd G ufficiehtiyNdine AidRfulid) s de8cribed herein, to
refilled | ens is ca accomodat i ng. However,

able o

allow gqgomnagdatian 7 ¥fae e FPkuwths ingreasach Rbfaccaeding bp dbe snvention as

_ ! oy . o
soscSRPHEEE SR, ANIREYSo Lt B R ATERBIASIMAN ucn s
illustratect br Bigugé 4, fdrhe narmabl eyeleAdjisintentsrazmhathepnb & efade abl required in
propariiihidnatenal farige 18he Far priraaiban NRRIShabouha-427 wolld be used
as a staft AetdrRNtheh SRIRES Br hdd'8s Pélﬁﬁr'é ors were

confirnmed using an ex vivo acconmodation simul ator

EVAS). This nmachi ne sinul ates accommbdati on using ex
The following| exasaples pwhishuillasiratadhaw the methodsiof tHeopisesentiinvention may

. he. VEr. ey, ipul ate the shape of
be"np%ﬁﬂgﬁgﬁagé%h?§H§@E§C)Jh?ﬁ%%pggggﬁgﬁﬁgpﬁBH'is,achieved
in the sane nmanner as for a live eye. During
mani pul ati on or stretching, the forces on the |ens,
the refractive power of the lens and the | ens dianeter
(related to the amount of |ens stretching) can be
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di saccommopdati on) given a change in the anount of
muscul ar force exerted by the ciliary body and
waQ@oemwalizess The results for a rhesus |ens refil | BOI/AY2@M000586
uncured PDVS based polyneric material having an R of
1. 405 are given in Figure 3. The graph shows the work
(load) required by the cili a0y body/zonul es of the eye
in order to change the power of each type of lens.It
al so shows the differenc r and accommodati on
resulting fromthe reﬂlfﬁ¢%ﬁ€@&$he | ens capsul e. The
E \ 5t hand extremty of the results (towards a | oad of
xamg% i s anal ogous to the maxi num di sacconmodat ed state
of the lens. This represents the resting

A 47 eppoAdpatidat @fdsdrits rtecan \eyesaaéepret:tmidmrl @)g. anhsphthalmologist)
vertical displacenent of the plots at 8 | oad shows

complaising oheliffiedlty with neading mﬁtwrwrawauatnteﬁk%ﬁuqthgs threading a
h

needld e Mgk il 4 8t theaiBlt & Thasaphnifg Benvertional

methdugeof neﬁndmhed bychr ebi dubjeciive Tiedractidm |(Ersybldyéms ehgtsa lletter chart and

wiol (BGAE ekl 1FaRaS SFb e, MRS s el PRHAER, such as

re‘uno%:éﬂisjf €oP énﬂ#d‘rét Enddém’ aatu?o-?éfré’étéﬂé‘f@daés! QEhd@‘rst*oB@ by eye-care
for the sane rate of change of ciliary

practitiogrs.zirialfesnd daat theh patjentdiseemmedfopit é.e. ed¢es agt require a visual

53 Ey
correqig I3 R Ar9Y af BSraRe); HaWeyh ry el RlaRlion (i Brappte. using a
near-goidt farb/dd)dynafslc ¢é‘ﬁhd§é:ob?{iﬁt it H@umattthd etieht is experlencmg the
accommdatl on of the refi | enses were | ess tha
near yigign probleras it am farlyepresbypee.craseling fogr éhe Mdertleatcrysta"me

on. ek S 34 ksl PSR R O3 55 g veration

order atpd reestablishow denst (a@asobnbivhichr adli ctestorbothe patient’s ability to
appl.ication to the human | ens. The graph in Figure 4
accomnyRedatean approximately linear relationship between the
anount of hyperopic shift attributable to an
The Iei‘-?'?sor‘;e"fllllﬁﬁrﬁpﬁér liGhn ARthy! 2 pBeMAS igEnticatd Bidurdint %@teh‘éé‘t extraction
en IS anDst diréct correl ation between nat ural
and 10knsplavietionmiobgdweo(s.¢. extracapsulensxiragtiomaspecdure) with some

minor R SHSE e PG 8P ik B BeREL FEDBL B ot as

paraII@IQV\érpr@@dd@ﬁ@'cufrtéﬁﬂ{)(ﬁarﬁé@Ctﬂ‘!Wﬁ@@uérﬁlyObyaoplﬂhalnhledsurgeons The
| ens could be attributable to any nunber of factor

differanees @ie dgseried spdhafiigpanicakdelailsepyhe Boreéilyrpreciated.

over or under-filling the lens, the post-op corneal

A smélh%?neeflhﬁct:ﬁ%“ s]‘ﬂfnaéql ég?tltﬁ ?ﬁa-@ﬁﬁ{éﬁer@g%"ﬁ{)igg%\gde access to the

anteriposggraent Hwbmngadl,latmrpof thel meilaumsing laaeplt\armecxmtlogacal agent such as
radlen ctive inpdex ross refjlled Iens

atropifle O GYEIoEIRIABo S8 CERgLIoHENS (@PUREdh it rdepain diameter) is

madetrli‘@nﬁé%5 &t Ghet PEripreiryast thee Ak éﬁf’ﬁulé nudihte fiel BRWRd forceps.

experiments i s hypot hesi se ue to a
Throughstinet smnaufcctrheat ifaision iansl pedpkeral mimecamxﬂottm the lens core

(includfBl e barte g P0e 0o RBE SREle, s 4s Bled Hifusing any of a

numb@be GAblPheRST fahfifar( RPWPhitRMIcASGRBIREaELER)a hispitgtors or small-
lens to its natural state. This hypotheS| sis

diameteipiniedarhasp-piabiesvent or s'  di scovery that use of a
pol ymeric material having a higher refractive index of
of . r‘
A gol Juldhié 16 RENFERNE RSt o ing ing Mo fhomer of Formula 1
is selertbed mhiaH has afrefrsdidra mdeixofuls4g eduivaientterthBINRRI. This refractive
polymeric material are shown in Figure 5. In this
trial an NHP (rhesus) | ens was used and neasurenments
were taken for the natural lens, the | ens capsul ar bag
refilled by an uncured sil oxane based pol yneric
rraterlal haV| ng an RI of 1. 4457 and the Iens after the

o o o o . o o



10

15

20

25

likely to be about 1.427. The NRRI for humans over the
age of 40 is assessed to be between 1.426 and 1.442,
woroog/1280kel y between 1.426 and 1.438 and |i kel RCT/aUR®7/000586
about 1.427. These NRRI val ues may advant ageously be
used in nmethods of the present invention for preparing
materials for accommobdati ng 3los that are suitable for
use in humans or rhesus primtes. For instance, the
index NRRe praferks ive ifdeyefor ' b -
. refr apgt@i ve | Eegg(én}y gr"?dan ocgﬁgﬁfa}%gf g%m&&%ﬂ:“%d (the patient
being eAIMetERPiai ng ti ssue in the capsul ar bag conpri sing
conmbi ning a neutral (non-correcting) reference
f i j o1, 42 nd,1.450 with a
The b MR iU & o lroRE B BoPe b Alktues 1P 183 Byt tens capsule
using adihergauge (e0g.t27eGr @iffirar) camnula @t yeiile e FefoPmCOPENIERS. The gel is
ient's refragitgbve error. The refractive power

t
then &’é%@i%&xﬁawf@et% & dr dhe nvigihlavspaalyembyThscored malymer has a

' [¥e) (o] oW P . ref Lve.
modgs 3 983409 EOCRBBLAG, 1hAS IR AT A Ky bocy and
zonulegeeh s astomeiodetivecapparatils ean snubdine the ehapéréfcthieomjected 10L,

| aying e. qg. | ett chart, and trial frame and
therebs/ ?gg‘io%&?g&g"g‘?o%&mnoteihsmgﬁgs or an objective
refraction, such as retinoscopy, or a nore nodern
Exampletd-ref ractoneter. The near refractive state may be
assessed using a near-point chart, or dynamc
Foll retinoscopy. The related RICF may be cal culated in
Ollowngh ielraEipe” assersmentt ap descrbed:iaboverdl is faunghihat a 62 year old

. i | . d_ d ' lculate an. . .
patient B8 500D BR 02 CRRMFEo| oMb FE OB G BifBon. i i
observeddbht the patiewt also Faguataictdus vhargeseinthddeas aafich B affecting
her viané ?_.pe g(f) tg@nun‘oerfgl_;j‘e?dlffe!re,nt_ eye rmde! s coul d be )

$198q 4E 0pRE a9¢ o RAtGENY ihdedueed itbakmies accommodative
amplitdeR WoaR BsGrorpflel! BEBCISSY Sh ialont 8 bR SEcoimdidtbn®Biven the

understood that variation in no res
cataragfpyg and, agvaneed presiyiopic stathi gfstheelens, callend atftithg operation is
j ' iLon.of graphs such that shown in ]
conductfy A€ rdelhce ¥ Blra it Koiina rJOL 1P tarlord fasogamodation to
the lerseby iusthg amafepiadwitheh SsuitebRe it i -
.based or? the same nodel _alls shovmjdu?ﬁr? %ﬁgf}?e&gr%ﬁﬁ%ehyperopla by
selecting. pimalgriahBavRg anmnprepdaieseiraeiire indeX x 0. 00632 For
Hyperopes: RICF = RX x 0.00578 where RX is the
Th e Ll ' i r; . t he .
o reli¥eiRg it S e, whaeal T67 usB, Bt B iiRptRls OL 1< Satcutated in
accordarde adthi the present inventionl Etrsf an NRMRIC6T AR 7iPSEIEBRY. Next, the

RICF i%,k{e&%r@gitngg? &gggﬁégﬁg%é%?éufgﬁ%@%egr ilflfg;%weiagpﬁggn that for a
hyperop8ef e7p, Fie RECFIS BIOAY7. ) Iq}g{eolgﬁﬁl BRg! I@ltdr-ogfé'/‘égi%sﬁr%%referred

the eye using a lens refi erat1on, Wwh
refractive indexrfortheymaterjsd of the laot 6468nt cat aract extraction
and 1OL inplantation procedure (e.g. extra-capsul ar

act.lL.on. br.pce | ul d, be under stgod how t .
Atterafifollo ShoB ARG Tor obetits aNeloom didient and desoribed
earlier, ¢hal 473 dwypesdpia negsires aﬁrnRI@FSB‘ﬁb!O%PSréélﬂfiﬁﬁ)?hsa 8l preferred

the | ens core (including the

.made, through whjch
refractiyeindex faht?i'e.m@teé@ipfmee@xp%é@@d. An ocul ar

repl acenent material is injected into the intact |ens
ConsedtP8y| ' 7 ( 5 l.ner
onsediRARY, & deb sUketic bR ReMMOhc! cadbuldiodd 8oubligig s gragrmonomer
similar tsctheamacepnaoemenof reretial iswelddied) Wisich HRda réffs&tivasSindex of
1.468 by exposure to visible or U/ light. The material used
77" to formthe injectable 10L of Figure 5 was a .

macr onononer of the structural formula 1 Fornula 1

wherein ais 79.1 nol% b is 20.6 nol% and c is 0.26

nol % The macrononomer had the foll ow ng

characteristics: The macronononer of Fornula 1 may be

synt hesi sed by any suitable nethod known in the art.

o S



10

Schenme 1 The addition of the phenyl and nethacryl ate
groups using hydrosilylation reactions may be either
W@ o00razgossononer s, which are sil ane functi onal PZEAP200r/000586
to silane functionalized cyclic siloxane internediates
before they are subjected tq ring opening
pol ynerisation to formthe rfefcr ononomer . Sui t abl e
cyclic siloxane internedi ates include
The debtis aﬁﬁfct‘éd qu’oﬂheéﬁaéddoﬂ%ﬁﬁ&aﬁ\}% loL dsing the method described in
trlnet yl cyclotrisil oxane
Examplent. Wﬁwrcﬁdmw@ﬁpastprrmmvalwss Elpphmd to the capsulorhexis prior to

injectigr‘?)&‘?'?ﬁé @%{l\,{lﬁ %F&gc}qgﬁﬁ%&eﬁﬁ%ﬁﬁaéggg% ungu ?5[1 ﬁlﬁfcgcl)rlngnom%r into the

anterl@f dvardbdr RdlewenglisjeotdYaral liees clfing tdfans L&Z}o rhbH%@F %he retaining
annsgﬂg1cated and do not necessarily correspon

e vajve Fﬁf?rﬁHtaarP r @n@v%yﬁmcwrgm §Cﬁ§ﬁ@i$aﬂbosie|ratnq>revent iris
[ | ane
wrntatﬁﬁdﬁ{g‘(? Ip%ﬁ%lﬂf%@y 0 a | m déﬁlr%%ﬂlﬂ o?'{ﬂ "f‘{?e phenyl
groups and the nethacrylate groups. For instance, a
It will he ameerstoodi thad| theeihveation ndisclosed camj bieflaedumnthl@lépecmcatlon

ct] ized as d icted in sche

oxtens, 1, of llerfigihe” Somastiis w81 0 Doyt cot beripalidsial features

mentidHYEO B leviiderit frin fHé“Eé)ktO&aHI'ai/ﬂﬁg@" N ONEHse Efferent gombinations
met hacryl ate groups and then subjected to ring opening

constityée yﬁmu%aﬁer@ﬂtlvseﬁgaetsmfstm@wenhensynt hesis of all yI
benzene and allyl nethylacrylate functionalised D4 H
whi ch woul d then by subject to ring opening
pol ynmeri sation. Using the materials and methods of the
present invention, a material with a higher (or |ower)
refractive index may be produced in order to induce a
refractive power change in a patient's eye in order to
correct a refractive error (resulting in emmetropia)
and at the sane tine produce a gel having a
sufficiently | ow nodul us, as described herein, to
al l ow accomodation in vivo. An IOL with increased R
according to the invention as descri bed above can have
an NRRI so that there is no shift in an experinent
such as illustrated in Figure 4 for a normal eye.
Adj ustnents can then be nmade as required in preparing
the material for the 1O.. For a human, an NRRI of
about 1.427 would be used as a starting point, and
then adjusted or tuned as required. The follow ng
exanpl es, which illustrate how t he nethods of the
present invention nay be inplenmented, are not limting
on the scope of the invention. Exanpl es Exanple 1 A 47
year old patient presents to an eye-care practitioner
(e.g. an ophthal nol ogi st) conplaining of difficulty
with reading and ot her near visual tasks, such as
t hreading a needle. The distance refractive state of
the patient is neasured using conventional nethods of
refraction, such as subjective refraction (enploying
e.g. a letter chart and trial frame and trial-Ienses
of various powers) or an objective refraction, such as
reti noscopy, or a nore nodern auto-refractoneter as
under st ood by eye-care practitioners. It is found that
the patient is etmetropic (i.e. does not require a
visual correction to see clearly at distance).
However, on near refraction (for exanple, using a
near - point chart, or dynamc retinoscopy), it is found
that the patient is experiencing the near vision
probl enms of an early presbyope, resulting fromthe
hardening crystalline lens. In order to treat the
presbyopi a the patient undergoes a lens refilling
operation in order to re-establish a lens (an 1 QL)
which will restore the patient's ability to
acconnndate The | ens ref|II|ng operation in many

e L T L 1 o, T T L



10

16

20

25

anterior segnent. Follow ng dilation of the pupil
usi ng a pharnacol ogi cal agent such as atropi ne or
weyehosess ol ate, a small capsul orhexi s (ar oundPdI/ATRMI/000586

less in dianeter) is made manual ly at the periphery of
the anterior capsule using fine clawed forceps.
Through the small corneal i} sion and peripheral
m ni - capsul orhexis, the Iens core (including the
cortex and nucleus) are extracted. This is carried out
using any of a nunber of GhABENts fanmiliar to
opht hal m ¢ surgeons, such as aspirators or

1. shahétiiodnefttesatingpmydpiah dyperopidess. prashvopisiftaabuljetbby replacing

.. refjlli ,he capsul ar bag co i si,ng_ the macronononer
tissuegp ttLl%rsHBl%§¥§C?BS ar eeg &4 132{][3) sSt3'9§ 8F‘r active index
of 1.427, equivalent to the NRRI. This refractivei ndex

(a) |Galtingting ef aefraetiveefind@st icoerdcies Xfabr based @At iapnkestmate of the
no RICF 1s required (the patient being_enmetropic).

. , : . )
Tieéraghive RAWeh coreciiRiJeguibethz i annaerivad byt sreasugement and/or
I O j N t..l ens capsule using a fine
g%agﬁﬁ‘?g%%%%?%?ﬁ%?’) cannul a and syringe to
reformthe lens. The gel is then cured by exposure to
(b) |defetmining the surnidfltiee sefeadtivermdéak eorrectiah facktymafrstéméa)af any with

nmodul us, of. about 5kPa. .Consequently,  t stjll-jntact
R Pl erenes cetaeig 08 CLHatARSHLT 427 and 4gbb!
accommodat i ve apparatus can nodify the shape of the

(c) | obtafies anCbeulbPeéSiB et MhatBHaPREARTTA #&fradtivelirde of the sum
patient. Exanple 2 Follow ng refraction assessnent as
deetermined iatstéare(b) ands found that a 62 year old
pati ent has +7.00D of hyperopia. Follow ng slit-Ilanp
bi Qi G . gy : S ver that

@ HeBRS TERFuE R RAEetS LabRatBaR "ty 'Pe QA li; rplacement
amatexfdlecti ng her vision. Due to the age of the
patient, it is deduced that her accommodative

2 AP B e S bitolc  aEhAle S Feplali ASSHE siRe subjects
capsub _@&lnﬁ_r@;h@ttﬁe%ierggwgf:l ens, a lens refilling
operation Irs conducted to replace the cataractous |ens

with a clear |OL, to restore accomodation to the |ens
(a) pgbtaining an oewlasreplacament smajarialdmvingr dafrastivenipdey equivalent to a

cor regt La: j a i@ (N9
el P RARANE iRl B a0eR, Ca2 B R0 Wi,
of the material for use in the injectable ICL is
(b) captadiag e itissae darthensebject capsular bagnwith ihendéudar. replacement
First, an NRRI of 1.427 is selected. Next, the RICF is
d@aie Rlned. By referencing the graph of Figure 6, it
can be seen that for a hyperope of +7D, the RICF is

3. OAoﬁﬁ?hodA‘é@idéleFerhir{‘é'?@He ol RffdctleVRRie® fdrnan ocularI aplacement

preferred refractive index for the material of the |
materigl for4eplachng clissatei Vrelthe appsulandachesomprisirigorcombining a neutral

refere[.rlrﬁg %&%’cﬁ@g@%\g i%g b{e@&%n{f gg&%ﬁ a%ﬁ 322?50(? \%ﬁﬁ E?Lg‘gpac?‘l% lilju%x correction
factor’ 85¢8rtdingd iby fefbraitle 1 ef Rifraftive efdvadit Fatfuitgadld &X chbaect a patient’s

the material of the IOL of 1.467. Consequently, a gel
refraclivie€&i9re for refilling the capsul ar bag conprising a

macr onononer simlar to the macronononer of Fornula 1

[ : ' h r ' [ 8sdi havi
4 b PR o prtliEopan Godlel Tasabdfehl Wikl fof'siRct having
ametropichodpreésbyopibednprididginpl e 1. However, a

m ni - capsul orhexis valve is applied to the

capsul or hexi rj.or . i njecti. f.th el in order
@ AEa0dT | BUBEhEE Jhon eifeelPl Brinr Brfb il i Estmate of the
the anterior chanber. Follow ng injection and |ight
curing of the polyner gel, the retaining arns of the
val ve are cut and renoved using surgical scissors in
order to prevent iris irritation and possibly a
subsequent inflammtion resulting in an iritis. It

o . 1. i " o - o N 1
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(c) obtaining an ocul ar replacenent material having a

refractive index of the sumdetermned in step (b);
w@pa7/(12B055 epl aci ng the tissue in the subject' SPCHABR102/000586

bag with the ocul ar replacenent material. 2. A nethod

of treating presbyopia of a subject by replacing

tissue in the subject's capsit ar bag conprising the

steps of: (a) obtaining an ocul ar repl acenent materi al

‘ [ t u
AL SIS EhbUaIOT FETEY AR B i ugaent andior
ashnoibatioe pf aciubiedtBeye; ssue in the subject's capsul ar
bag with the ocul ar repl acenent material. 3. A nethod
of det er m efractive i ndex for,an .o
(6)  raqyPRHAG: e ST He FeffacthBRLs T gopaian Beipattep () if any with
géu{rérre'@é}@ngefﬂ@ﬁé&L VeAn8ex Bt PefEeh NagH rd 1. assr@m:e
ractive i ndex of between 1.421 and 1.450 W|t a
refractlve i ndex correction factor ascertai ned
(c) rm)duenm@eam @cularsﬁplﬁ@enwrtﬁamlai EgVinged r@ﬁ’a@‘ib\fer meXaof the sum

t,i ent ive error. 4. A nethod of producing
e"SE!U\ ?j'b%ﬁ%é@mm mat erial for a subject having
amst ropia or presbyopia conprising: (a) calculating a
5. r,efmetl"tdo\/ecb@mqg torargc bnenoff #wt predeaticegl ainsnwherein the neutral
tinmpte of, therefractive C ection required,
refereppeéﬁgyacta/@rm% i hetwesst- égﬁ a%gf'%r exam nation of a
subject's eye; (b) determning the sum of the
6. erl‘h%fHdoV %cb&%ﬁ‘g O AriC bhenof #fd %Peéé‘du’gé i) wherdiRythe neutral
a neutral reference refractive index of between
referencezefraﬁu/elmdems 4d@7(c) producing an ocul ar
repl acenent material having a refractive index of the

7. S SRR er o TBPEP RG8T ufeets capsuter
bag hbefr@rgrréﬁaétﬁfd iefek wsf thadsm iof: 2)taveentrdl rsZéremcd rbfrééﬁve index of
nmet hod accor di nglato any gne of the prece

betwe&naw@wéql iU nRNch &R} AeTiagve deX FRIPEian g%ctghaéwtamed by
referenﬁe]to“l?e?racﬁve lg}%)gvé’rf re%'ﬂnr@ Up2Eok&dt! lﬂ%e;F@EErb rSBcfitlchle fé?l‘or for the

tis I'n a su Ject S capsu ag havi ng
manufaﬁmmmf areacatdnmodhtmglmtmudﬁr lerisjoraisednttresiting myopla hyperopia
reference refractive index of between 1.421 and 1.450;
or pregﬁmo;ela) a refractive index correction factor
ascertai ned by reference to refractive power required
8. R rRéhbBcdcdofgingabiyiore bEERAAS VD @it WhicH Bie d&\War replacement
manuf acture of an accommodati ng i ntraocul ar |ens for
materiglds apolyraer ¢urgdrif) Sy &ronh puseeplinkahie silesiomagrorBonamer.
nmet hod according to any one of clains 1 to 6 in which
t he ocul ar replacenment material is a polynmer cured in
situ froma cross-1linkable siloxane nmacronononer.



