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si ngl e op¥9 @0aReEH?Y oops attached to the optic to center BHETHERLEA fixate
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the opti 'ens design to facilitate novenment of the optic
relative jb'mecﬂmeheomier ends of the haptics. On the other hand, sonme acrylic

materials can frac he repea ed flexe 0005] npl e
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[ 0006) Accordi n? to a preferred e gdl nment, of this invention, an
accommodaiidige @ﬁ§0%?ﬁ5r}‘?“§%°shaae PISA BRI FFPI4CS exi bl e solid and i nteri or
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optic whi y be 518t & ha I CS capabl®e of exi o
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di stal ends. tﬁgg%gti%gé%gkﬁ%ﬁg%lgge "%rﬁt %e ag@a nbt e rg%%tbgnsggga jportions

adj acent Mag* nteri or ri'or novenent of
t he opti ¢ineh atleyveithau: kieviopher deands afiditibveilexteerdedr hinge can be placed

across the plate adjacent to the optic as part of the lens design to faciliiate movement of the

optic relative to the outer ends of the haptics. On the other hand, some acrylic materials can
fracture if they are repeatedly flexed.

[0005] An example accommodating iens is a type as disciosed in U.S. Patent No.
6.387,126 and others in the name of I. Stuart Cumming.

SUMMARY OF THE INVENTION

[0006] According to a preferred embodiment of this invention, an accommodating lens
comprises a lens with a flexible solid and interior liquid optic, preferably with two or more
extended portions from the solid optic which may be plate haptics capable of multiple flexions
without breaking, preferably along with fixation and centration features at their distal ends.
There may be a hinge or groove across the extended portions adjacent to the opiic 1o facilitate

the anterior and posterior movement of the optic relative to the outer ends of the extended
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WO 20091055099PCT/ US2008/ 067525 portions. On the other hand, the optic may

be rigidly attached to the haptics. A so, haptics can b ] cnz
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aqueous seabdrhi baptiof are epgndtounadpisye. The power of the |ens can be changed
by (I) changing the_ radius . of the solid central pqgsterior on of the
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the len produce a centra ' gi ng of the nenbrane his structure
si mul at estht heumb plibt linedofiicortean mlerrS|0®tlc,@a}6%)LhYeCh@fﬁgﬂtléWée redrraivel iodex o4 b

| at JTh I
e B R o O
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vitreous cavit essu an tilt t ens to. further
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[ 0013] Fl St ew from the post &t i or ens
simulates the structure of the anterior capsule of the human i ens and simu ates its function,

The posterior central optic porfion may have additional single or multiple soiid spherical
components or may be aspherical or toric on its posterior surface. Also, the increase in
vitreous cavity pressure can tilt the lens to further faciiitate accommodation.

[0010] Accordingly, features of the present invention are to provide an improved form
of accommodating lens formed from solid and liquid siiicone.

BRIEF DESCRIPTION OF THE DRAWINGS

16011} Fig. 1 1s a side cross sectional view of the preferred embodiment of the lens of

the present invention.

[0012] Fig. 2 is a plan view from the anterior side of the lens.
[0613] Fig. 3 is a plan view from the posterior side of the lens.
{0014} Fig. 4 is a cross-sectional view of the lens like Fig. 1 but showing bulging or

increased curvature of an anterior portion of the lens.

{6013] Figs. 5 and 6 are variations in cross section,
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[0014]Fig. 4 is a cross-sectional view of the lens like Fig. | but show ng
bul gi ng or increased curvature of an anterior portion of the |ens,

10015] Fi gWO BOAKEI® are variations in cross section. WOPCT/US2008/067525

2009/ 055099PCT/ U82008/ 067525 [t0016] Figs., 7-8 illustrate further variations.
10017) Fi g49019] 12 |IIfiﬂssﬁrga‘l“é‘“ﬁﬁQ@EP%WP“?{% of hapti cs that can be used on

| enses of prese,nt entio FERRE
10018] Turr“S I'how t'g%t hgl\édpawaedl pre erre‘g: -'!n-% nteq ¢ q§ﬂ q)}j
detail, (pﬂm‘rmusemganan |ntraocul ar lens with an optic 10 and haptic 16. The

optic 10 is forned of two conponents, namnel a flexible solid portion 12
(12a - I2d) preferabl MR‘H"T{{JM@F.F &WMBGB}MEN? or hyrdrogel,

and an |n or l'iquid pref s|I|cone 14.. The portions 12a and
12b are s klentlg”QBE ?H% PRV HRFE P%g %ﬁ E?NPﬁgmﬁﬁt PESRY upon

i mpl ant at t@fiprisiteQntiftesobiilar e;sgedmcaap@ulcao ab@ga;@zt i6heheyic Theid-hexbihe

ext endi ng portions 16 é be pl%%glhaptlc h are capable of nultiple

f1 exati onSTMVRGHHaRa% e HA O ‘fhﬂ?éc"’m@ﬁ nGdF PEYHESThe opti ¢
10 and hapiiiags:, k6 R &f RF@BLY. AL an mrmreaaﬂ,prmnfkmc@ﬁe A& haptics 16

ext end dlstally from opposite sides of the optic 10. The outer ends of the
haptics 1BTHEY PaerUtie ot aigrelysphgergeent %qiewaasn o Be piseld uran US Pat ent
NO. 6, 38728 kign SiH: rﬂgmsg’a enemag of IR <80 genLbxfifie Mﬂ&dﬁ}%tao&;dné 18

square edge £0019) The | ens 18 i ncl udes portions 12a and 12d o soI

si | i cone Eridatphanties whichere qaerbid @tﬁm&tz@ﬂ flexagighs vithaut éwn@eet arndrfnemed gnd 12d | s
even th| han. n £ eqr X .seen in
conpar i ng te mi Cége R d ? Q%e dﬁlr? en%ﬁ”%raius} aé{%ﬁ»%ﬁa\é agﬁ e%rgre grr ably
silicone. hamscmlé ekwod\mscat hé’omp@posﬁn@@ldm antibe ypiof 1 Ot Bee mtdmeo@m«e‘ thskghticnl 6t hi s

| ens can be it s ar . (e ous solution in
t he hunnr{mg)f%audleh%n%l% n(%trs Wgugh % cﬂgeioasno ngif§ E%@T’:ﬁb{i'gpg7>§g¢§r¢iﬁ?‘f‘igﬁ‘ of the
liquid pd%ﬁ%mh@@%e&ﬁezﬁeﬁ&ebmxgsaaﬁwymumhed@jquid silicone 14 may have the
same or simlar refractive index as the solid conponents 12. The solid
post eri od0#1&Hi us ofhepigns Iincipdey gopicas b4 $2rrlodrdat Fadid sgfconhendpsrat ther
refract 'nfﬁagneh' 1baL&ubstRBal r@t‘ﬂ!n'ﬂ@r %d thes Q\%Hhx%'ér 232000 l-ﬁi%iec AfoRe fhanged
during nufacturing, to select the desired power for t é K t he
power carﬂleb:eﬂ@hmgede ergrittheprrNog Sat UeihGizot Efitieteripni iantigridend by changi ng
the vol une .or..r ti X J

[0020]Ing§€g%ﬁﬁ§ %ﬂg AX%ﬂﬁg po@?ée%gg 3 é%g%éokgﬁbﬁgf gﬂ%sgg %g?ormard
(to the sdrafds drmerfFisgsil arlp amich4he dgyearis Smiewsmcfaa/}ntmyanwes ‘Bluis e:smﬁtst h either
constriction of y cle, The Ierlo W th

i ncreasel’ & r}e&éafitagéieigonﬁ&tgon of%lsl&md Orti n Peulérns by, rirﬂé qﬁ‘?i‘ﬂmg ets]l40n | 2d
such as mhtha&n&ieﬁwmmsﬁngrmﬁa&ﬂ@ZikEmaﬁmbehmcmﬁmmemn57an&séIBpey&ﬂrS nmin

overal | di.anete
radius o% pomon 12% prevems def%mlauon of the posterior refracting surface. The radius of

the portions 12a or 12b can be changed. during manufacturing, to select the desired power for
the iens. Also, the power can be changed during manufacturing or after implantation by

changing the volume or refractive index of the liquid 14 in the lens optic 10.

[0020] in accommodating, the posterior surface portion 12a is pushed forward (1o the
left in Figs. 1 and 4} by vitreous cavity pressure with constriction of the ciliary muscle. The
anterior portion 12d bulges with increased curvature, that is decreased radius, of the anterior
portion 12d such as iliustrated in Fig. 4.

[6021) Example dimensions are 4.5 — 10.5 mm in overall diameter of portion 12b from
Dto Din Fig. 1, up to a 5 mm diameter portion 124, and a 3-6 mm thickness (from right 1o
left) in Fig, 1. A typical thickness for the solid sificon portions 12a and 12b is between 0.5 mm

and 1.5 mm. The thickness of the anterior membrane 124 is very thin, preferably about that of

()



DtoDinFig 1l upto a5 mmndianeter portion I2d, and a 3-6 mmthickness
(fromright to Ieft) in Fig. I. Atypical thickness for the solid silicon
portions WO0MHEP2b is between 0.5 mmand 1.5 mm The tHiRPEEEIGF St he

anteri or 1 er r ef.er.
2009/ 0550951%’7} 66’3‘?6%‘7%‘5%9/ ﬁ%P’SW i;%ﬁg 9‘%{% da{e’%% t%g negféhsat g&k{’h“’s 0
annul us 12¢e k§hapRITRXIbIAY el e tzom ;iostam letmatThe lbiclkness tecigdevié asafcki 0§ ent

f 1 exi bi Ilfy to the solid ost Qg ens. 'I;lhe tbhl ck ness at _the QIAQ%G 18 area
can be 0.41mA Thehingerige? aff e 25 Shoyn éjlﬁngaﬁ]e ea&ssq”fﬁ'sgmo Ut 'Tan be a

square grRave 22 AkF&abi blaﬂ%&@&i redf-erabhy Hrac pettite egtebetmeemsht o2 cheand |
2a to facilitate antefrior novement of the posterior optic 12a.
[ 0022] Furmiﬁéﬁf}ﬂw%ic IEhe power of the present |ens can be changed after

i npl ant at j 1;‘ inth ug%’e o{ehgxleg)p)?vgzr of%ibe L%eﬂﬁ]e% can%@‘%mu@gd %nl?é:r“ ujnFigHt'aﬁjon

pr ef er abl S’I']|IC or changing its refractive in

10023] Thezhslb@ermft@merqﬁ ctirey poerhdvamy h2dqas pvm.férhb asmcbm ‘anetiecanc beol ess or
nore than that of the posterior portion 12a, dependent on the refractive
range des‘ihta%%ingﬁ”te B84 GN of the |ens. 10024] As noted above, the haptics

16 may ha[ Spac%hgﬁaaﬁ:}@{epoﬂlﬁﬁ 8 10 09001 A 1RIRGQ.AGE RSSurtnlifl has Waf ace
adj acent 10 the optic hi's |tates m)verrent of the optic anteriorly

and post e:rf’ t&rﬂoytvnei rattionel 2eodepbraenianghe Eﬁ’ﬂf@gﬂ\@fmmaﬁéﬁﬁﬁ’étfi} & design2BeTispni ng

now to the Figs. 5-6 enbodi msnth it \{\%) Be not ed t hat antjﬁrfl or. o,rtlon 12d
i s thinndP%34h the AF adice 2b%Ngi '€ %F’P? ey 82 ReT BT IHB I i A TETY %”u%der

i ncreas ecgc}/ Mﬁ,@g&%m@é 88 8dtnero tb’r‘é &RNahisvelitaet Bvaesd bOme bRt aediohaved
par al | el é that is, not be thinner. in the mddle. Al so, the back

surf ace ovfostpmli}iréﬁﬂl?@ thapt e ngoP BpREHFE or toric. [0026] Turning now to

Fi 7-8, t | trat f t { d 7B
t Ihgs post ép?%’?eign; J&‘t‘ u%@?’t%w%ﬂtﬂ\%%é” :Jé '?“ﬁnlr % %anél ; %ﬁageﬁlgﬁd tMs] 31',:43%&3 Oﬁlt%r@\aan

portion libke thsdr is hewsddle, Whiglswilbbiagedmbre aAklsoyn mrfte r6nmdvrpmrtascxhw¢@dls| S

very thin, thinner than 12a, so ta _enabl ¢ bul gin [ |ncre
VE LT eous PSS UGV HE PO Janeen 176 PR aUeF ok AL PO GET (il
post eri or;tifk CKRE. (HepRKaNEack2A pbidiog N2Nge tehelsgfctiact iong. convex surface into
a concave surface further increasing the power of the optic. [0027] Fig. 8A

i s anot heso2a] t er nafirvizg enbyodFigert-8 vihese diustrotie fingepstigyrpioms pbriigon

7A and 7B the posterior center portion 12a is thin and not a large solid central portion like that
shown in Figs. 5 and 6. Also. anterior portion 12d is very thin, thinner than 12a, so as to
enable bulging under increased vitreous pressure which at the same time causes indentation of
the posterior thicker membrane 12a to change the refracting convex surface into a concave
surface further increasing the power of the optic.

[0027] Fig. 8A is another alternative embodiment wherein both the pesterior portion
122" and anterior portion 12e comprise solid portions 12b and 12e, and the flexible annular
portion 12a is thin and very fiexibie, and annutar portion 12d is even thinner. An increase in
vitreous pressure causes the portion 12e to move forward.

106625] Fig. 8A demonstrates an optic with a convex solid optical surface on both the
anterior 12¢ and posterior 12a’ optical surfaces. Fig. 8B has a convex solid anterior optical
surface 12e and a concave solid posterior optical surface 12b whereby more anterior movement
of the anterior convex surface compared to a smalier movement of the posterior concave
surface further increases the optical power of the lens. Fig. 8§C is a further modification of the

optic whereby the anterior optical surface 12d is thin and convex and the posterior solid optical



12al and anterior portion 12e conprise solid portions 12b and 12e, and the
fl exi ble annular portion 12a is thin and very flexible, and annul ar portion
| 2d i s evewp tdpb/mexese. An increase in vitreous pressure ca tdion
12e to nove forward. [0028]Fig. SA denobnstrates an optlcyéfﬁﬁﬁgg%@ﬁﬁbx
solid optlﬁmmasmbMaEmcam ﬁbiﬁDUh@mﬂmn%&mﬂ@ﬁ“&BeiﬁﬂﬂpﬂmﬁkﬁﬁmﬁkﬁEﬂﬁhd@ptiCa
surfaces. Fmgove lf a_conv §%L|d anterior optical surface 12e and a
concave soO % Ster %}IH%PWVQF rface 12b whereby nore anterior novenent
of the antggiser conygX W fiAGRCORBAN &8t 1B ﬁmlrén mgr}%yﬁm{ltjengf the
posterior concave surface further increases P e opti power of the |ens.
Fig. SC |§"@0®0$ﬂ%épmﬁbdﬁgﬁEamiHﬂ“éﬂﬁmﬁbﬁwﬁ@muswheﬂébymﬁhed§m$de@d lopti ca
surface 12654 & SRR Y ARhBe tig

5000, 0550 aE IBRSESRD P AR OORAR R LObBRl R AR ok
var|at|on1@W1%eawmhﬁhk%p@bt§¢m@ccxmxf%menﬁﬂmeaadhaemhuﬁﬂﬁmlmexa&ahbd

anterior Q Zallustrate vari ifferent haptic
arr angene ?&Ec&%@mltﬁgselpé%sr%g}]rg grsto S t?‘: h*‘f reamst egcgpsugirg?mc fe Ry 1% rate the
anterior Shdenlgt-stheall é&f&cam@sﬂogﬁgxnw&darmﬁgﬂﬂy tol dettst dodfoemtcheetpastheri or

side. In each instan 6 ar rovi be hinged at 18 to
the optic "Br rfséjfg'ﬁ [edeffaé)ﬁ g-f‘cﬁﬂﬁl%ei}?efngfg‘eqﬁlﬁ ‘H&‘éedcaa%‘/ﬂettﬁé ends of the
haptics apds@re posisti @ I t

agai nst, he@}capsul ésrlb bgg%&?}f}l %é&z&gtc%wa 85@115[% léngui %c])e&ngeg g\?\n)alcfbsggf})

t hese | oo@fsﬂ’ﬁ PHRarien 'ymshal ghtieyats! ot t Bre ioonif msmt@! iomehycapgulriveg by vat ur e of

the cul -d S|nthec sul
[ 0030] As T&séﬁg %har\%ﬁ& &C&ﬁqﬂ%gmerﬁoﬁ%&grao ﬁ’ oy Iprg ap %Lﬁ'géd in the
capsul ar dzg Othfmg mgh@w@fctr@q:ieme%wahemm dﬁfﬁhﬁbztplmlt:abr lcﬁm arc Pib®RASy 1 S

t ed I t th
ant or i or NRBCAT AR DA Pl R RuCKrt I ERBo A" HPHGGH B LHRY F0RehFhg | n 1 he

cor nea orpnmnhey &vith ﬁhd:aguhbafe endsd af tht base bapty ©8n 00 looh@RSeo@RR RASHdd oned
in the cg\ng cof %}g su ardba The outer_ends of the haptics, or
the | oop ﬁp(:civé Cﬁrt PHSTEDT BT RS &0 8epSIT PHELYEE SSCUBHIENT IR tiehe case
of any f eamubaf bengﬂFlae, sicheitl pEPSs, amehdeldigntiethe JSpals b@f&l]%:&&&%ﬂ% on the
outer end i.ons of the Io E}fr for, i mproved securenen he capsul ar bag

cul - de- s& WM ths AR TR &K 2gvel Qﬁﬁ%lﬂ%rrbag%d Ba s Pegleds and ¢wtekowi ng t he

sur gi cal al o x f . the.anterior capsul ar bag and
tﬁeg: ens dfrleggill)\éus %\Cégcorétﬁ}ggﬁ“r?%%%ﬁg%@g?dn% Sgribg 3 I t@f’é?’ﬁ@éﬁs %rh%}\k% and

dlescrl Eedfﬂ} ifl embliquhdisil lcaﬁmnd sies hapt:cspt icm?sofﬁapgfasl h\?[hwezbblglﬁk%}cﬁlahﬁ/@pne and
pl ate ha S _or ops... igcs referably fixation and/or centration
pr otuberger’fzt:retéoﬂr’;{:imflﬁer "Ehas B gggwaﬁgg{)qngp ‘ate. 100321Vari ous changes.

modi fi cafggen)s, VanighhofsngRNdoRENEhnUSES: t.ne, subj ect

i nventi ofn \%lr]ll becgme a pgrentoté th %se sk ]?ﬁ%ld ﬂ:}%}hé q‘ﬁéeéag?%ppq gxon?%f

consi der AR §vEPEEivfi (?&thff@rﬁ}??@géttm@m%kﬂhdtt!hélead@&mnydmg driawi ngs and
claims. ALlissueh cbanogs, meadif o) f,i.0ns t her uses of the
appl i catsl oﬁs whi ?ﬁpﬁ not t dep ar tpg'?M (ﬂﬁﬁlg‘\éggljfcﬁ %I% é‘i sst% 6>t he i nvention
are i nt englidkationshearzves ea cb?ertun@ of Iﬁwamhmhor(shvifadi Yonat de@:&dhﬁ)i@&th

and scope of the invention are intended to be covered by the claims which follow.
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. An accommodating intraocular Iens in which the optic conprises an
integral central optical system supported by a solid fixed radius, flexible
annul ar peri pheral optical conmponent, a central anterior optical conponent
conprising a thin deformable nenbrane, a central liquid opticglsgﬁggrial
and a posteniok central flexible optic conponent suspended fr ﬁ@ solid
annul ar support, the flexible posterior conponent is thicker and |ess
resilient thanh theatdvrmmentigniesdcolr enibvaivd, thandictchappast eri or opti cal
surface being designed to nove forward and conpress the central |iquid

opti cal naterPhW“%B”F%@?b%?m@éﬁ§@“ﬁﬁﬁoﬁﬁﬂﬁa&ﬁiéfﬁ@hﬂﬁ@ﬁﬁkaWé%moubulge

forward i pefphasi d@ichlleSmp&ichBG kMR RAWRE OMF&@f'ccﬁrﬁaohélﬁE&ﬂﬁ% r%fdt\llll reous cavity
pressure Wthaﬂgl iary nmuscle contraction and is configured such that an

i ncrease FHOW é]b‘iﬁ%b‘@‘évi‘ gspipl liswiad prdcd grpdeaint and ﬁéosfqr@s‘( Fepirel firygtieertior convex

menbr ane bd’iﬁ@n&n@ﬁb@@lﬁj\é@fr@ﬂiﬁﬁ@&ﬂﬂ g8 shsf, tﬁ@@l@ﬁl@e@:@ﬁ&@g%%h&ﬂe?ﬂ wherein the
e | ens

posterior %f ragt[ % @i [ % solid and convex . _
accor di ngM{BUAMSS nhg WS BFmPene apd (s goderid asecal el i d and
concave. being desénedkbendve Aswagical dbigtedshddeadrNlquidhtigl Hmt?z@xtahottiﬂ?eb nterior

and posterl or @;ﬁlractl ve su rfaces are convex and solid. he | ens
accor di ng"¥s & l}ﬁnferWﬁé’FE]l Fing bl riagt inpraasingcits iglacsiye pees UP%“ #onvex and

solid andznbd’e\&epOSftledhlsQwayqfrésa@l*e i@ cHFf BERIe S nGRARE AR @-@Shf%lme'd%zmthat 6. A
| ens accordin aim | wherein one sgrface of the opti onent is a

nenbr ane aé]rfacr?aﬁ‘émo‘f‘ Fies SIS B e ETs tagHeakle posterior ‘30‘17‘/“ Nelnéﬁ@e aécor di ng
to O ai mdnwheseidaet he anterior and posterior surfaces are nenbranes.

8. Alens as in Claim1l wherein the whole optical systemis designed is to
be supported A tliedeus hecoedjes toyClimapt isssin the post@riorAefrenisg asfaaisChiad a8
wherei n fixalion devices are on the distal ends of the haptics. 10 A lens
as in Caim8 wherein the haptics are plate haptics. 11 Alens as in

C ai m 8 wher &i n Thhe&nhagbidis Baamhi Weesy adjpaae: MR HRPLI-L&d isconpagent .
12. Alens in Caim8 wherein the optical systemis novable relative to the

outer end§"¥the hapti cs.
4. The lens according to Claim I wherein both the anterior and posterior refractive

surfaces are convex and solid.

5. The lens according to Claim 1 wherein the anterior refractive surface is convex and

solid and the posterior refractive surface is concave and solid.

6. A lens according to Claim 1 wherein one surface of the optical component is a

membrane and the other a solid optical surface.

7. A lens according to Claim 1 wherein the anterior and posterior surfaces are

membranes,

8. Alens as in Claim 1 wherein the whole optical system is designed is to be supported

within the eye by haptics.
9. Alens as in Claim 8 wherein fixation devices are on the distal ends of the haptics.
10. A lens as in Claim 8 wherein the haptics are plate haptics.

I1. A lens as in Claim 8 wherein the haptics have hinges adjacent the optical

component.

12. Alens in Claim 8 wherein the optical system is movable relative to the outer

ends of the haptics.



