-1- ACCOVMODATI'NG | NTRAOCULAR LENS (Al OL), AND Al OL ASSEMBLI ES | NCLUDI NG
SAME Field of the Invention The invention pertains to accommodating

i ntraocul ar lenses (AlOLs), and 5 AIQL assenblies including sane.
Background of the Invention Commonly owied PCT International Application
No. PCT/1L02/ 00693 entitled Accommopdating Lens Assenbly and published
under PCT International Publication No. WO 03/015669 illustrates and

descri bes acconfd@MMORATINGIENTRAOCURAR EENS (ALY ANBIAIQLsenD| i es,

the contents of which are. Aﬁifﬁ{lﬁ)ﬂfé@q%?dﬂﬂﬁb%ﬁlﬁf erence. The Al COL
em a

assenbl i es include a haptics 0 bé securely fixed in a
human eye's annular ciliary sulcus at at |l east two spaced apart stationary
anchor poi nt @‘t act as a reference plane for an Al CL of
contlnuouslyﬁﬁgf?g %éng§% er strength affected by a human eye's 15

capsul ar di aphra t [ d under
the control of %aigl%)%rﬂﬁ’gt&?{a gklgdglcflar y%@ﬂ%é@fl%@%n&%&éé@@t@l g@res 1
and 2 shaw AMBhEﬂcM&Bhﬁltwl@ﬂmsd.gned to replicate a human eye's natural
crystalli ne |l ens. The AIOL assenbly 2 has a lens 6 made of a rigid

mat eri al a .nat ur eri cal shaped silicone ball 10 both having a
refractive ?ﬁm rgh ‘if‘&l‘%ﬁmﬂ%t 20 of water. A human eye's capsul ar

di rocton for v e mBRED, SERaL P g tibirtangheation o, PEEHERBAREES

flattened shafigle@hdcbhiiciatifd I Bhs As&‘ﬁ'fﬁﬂ? a‘ﬁliepu%h@ﬁéd' @Hdéy PedYInk&hatisifgr €asi ng

—.lbts..natural..positive.di.opter”strength 1 di'stance vi.sion in_a.siml.ar.

fashi on to aPublicatioreyios Wex L03d]l15(6|6951lidusltndtes laed s desenbess eaccomningating e_ye_,
o029 508 s, e "Bl R LS o SENRS, 0 U5 o RO 1
natural  shapgcorhbRc erBn Gy reftrdie 2GR ARH2LdsOMblies include a haptics system
adapted to be securely fixed in a human eye’s annular ciliary sulcus at at least
two spaced apart stationary anchor points so that it may act as a reference plane
for an AIOL of continuously variable diopter strength affected by a human eye’s
15  capsular diaphragm acting thereagainst from a posterior direction and under the
control of its sphincter-like ciliary body. WO 03/015669°s Figures 1 and 2 show
an AIOL assembly 2 designed to replicate a human eye’s natural crystalline lens.
The AIOL assembly 2 has a lens 6 made of a rigid material and a natural
spherical shaped silicone ball 10 both having a refractive index greater than that
20  of water. A human eye’s capsular diaphragm directly bears against the silicone
ball 10 from a posterior direction for resiliently elastically deforming it to a
compressed flattened shape on relaxation of a human eye’s ciliary body for
‘decreasing ils natural positive diopter strength for distance vision in a similar
fashion to a human eye’s natural crystalline lens. However, a human eye, and
25  particularly an aging human eye, may be too weak to apply sufficient force to
overcome such a silicone ball’s inherent tendency to retain its natural shape

thereby precluding accommodation.



WO 2006/ 040759 PCT/1L2005/ 001069 -2 Exenplary AIOLs are illustrated and
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partially bul ge through said aperture to afford the AIQL a

Summary of the Invention

One aspect of the present invention provides an accommodating intraocular lens
(AIOL) comprising:

{a) a cup shaped casing having a leading surface, a trailing surface with an
aperture, and at least one elastically deformable shape memory optical element;

(b) a carriage having a base plate and an aperture lens, and being slidingly
mounted on said casing with said base plate lateral to said trailing surface for
reciprocation between a first extreme position with said base plate adjacent said trailing

- surface and a second extreme position with said base plate distanced from said trailing
surface relative to said first extreme position; and

(c) a biasing mechanism for urging said carriage relative to said casing
towards said second extreme position for deforming said at least one shape memory
optical element to at least partially bulge through said aperture to afford the AIOL a
natural. positive diopter strength for near vision,

- said carriage being driven to said first extreme position on appliéation of an
external force to said base plate in an opposite direction to said urging direction to allow
-said at least one shape memory optical element to revert to its natural shape to decrease

the AIOL’s natural positive diopter strength for distance vision.



- eye's vi'suaPragH

natural positive diopter strength for near vision, said carriage being

driven to said first ‘extreme position on application of an external force

to said base plate in an opposite direction to said urging direction to
allow -said at |east one shape nenory optical elenent to revert to its
natural shape to decrease the AIOL's natural positive diopter strength for
di stance vision. -2a- An alternate aspect of the present invention provides
an accommodating .intraocular lens (AlIQL) assenbly for inplantation in a
human eye having a visual axis, a scl @fa of t ough connective tissue, an
annul ar ciliary sulcus and a sphincter-like ciliary body for tensioning a
capsul ar diaphragmin an anterior direction along the visual axis onits
rel axation. froma contracted ciliary body state to a relaxed ciliary body
state, the Al Qn afsenty \sFRIsf ShdBresedd) i | Goviayst LS
| ongi t udi nal _axi ; intended to be degj oyedég‘féﬁg?é e@?f@%ﬁlaﬁvﬁﬁwg&ﬁﬁﬁan
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sel f-anchor e asse t..at |least two spaced _apart stationary
anchori ng pdéllqgstlieﬂf{%u%%orﬁﬁrfﬁ’ﬁ"%%}/%‘?%ﬂ‘em bogystate in 2-rplexed giliapphodyrstate,che
accor di ng tAlCInyssanidly @bmpHahg®s 1 to 8 wherein the human eye's capsul ar
di aphragm applies said external force to said base plate on rel axation of .

_i'ts.ciliary.body.(2l 3 hapliessyntsmubaries pEMgimdiarhnats nralied\apbé dapléyed O . ...
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di screte haptending $iestfom imaglaae pempenditylacOnaid kgt siches uﬂ%ﬁﬂdiﬁalrb%i%t ics
y formed wth an

system wi t l,ast.i cal | formabl e haptics, and integrally.
A o1 Dot h SRl yink of et Rainer Broetvaing murest Tor benctrating the ough

- connective tissue of the human eye’s sclera for self-anchoring the AJOL assembly

at at least two spaced- apart stationary anchoring points in the human eye’s ciliary
sulcus; and |

b) an AIOL according to any one of Claims 1 to 8 wherein the human

€ye’s capsular diaphragm applies said external force to said base plate on relaxation of
its ciliary body.



contents of which are incorporated herein by reference. Brief Description
of the Drawings I'n order to understand the invention and to see how it can
be carried out in practice, preferred enbodinents will now be descri bed,

by way of non-limting exanples only, .gi-th reference to the acconpanyi ng
drawi ngs in which simlar parts are |ikew se nunbered, and in which: Fig.
1 is a cross section of an anterior part of a human eye in its natural

near vision condition in an axial plane of the human body; Fig. 2 is a

. cross, section of &emupendyiowmeddCT dftemationsn @itiatidh Nbs paaypeds/ochass ance

vi sion condi tig ane of the human bod 3is a
per spective Vi g{/}vﬂéc? ﬁgcc? sse’#ﬁ‘g‘%d W\%’%‘Sﬁp&ﬁ@nt W&ch%s@‘%bﬁ?cqmmmmg a

first pref err ddeasurbmeiiniplar® illafath Ghd HEAEGO gﬁwas&g{egfpa&e ggn%ﬁg G a

i nvention; %%4 iS a perspective view of a unitary
integrally fo cRPtiRicipR malyding grhapiiesr seteaniyitti plesitalyf da“mﬂbﬁ_haphcs

accordance W Gl §i6 R RGH Y Ei I, S e oded vi ew of
Figure 3's AIQL: Flé\%r )g i s%%‘?ging'?fug nﬁtﬁg?@ygg%@f‘f‘dﬁ?gf éﬁi"@fﬁ“éené the ol OL
inits near vﬁgﬁt@ﬂsOﬁwhmbareﬁn@rparateaharehﬂb}gﬂefdﬂéhc@ﬁ' cross section of Figure
3's AIOL inits distance 5 vision state; Fig. 8 is a cross section of an

~anterior part of a human eye inplanted with Figure 3 s AIOL in its near

vi si on .stat e iBrieffDescripkionlofnke Dratviggshuman body; Fig. 9 is a cross section
of an anterior part of a human eye inplanted with Figure 3's AICL in its

di stance vision st bi erdentodind@igidnd fhedn@n®ion bl 6 Y&BHow 1b4n bel@rfidPoutih 15 @

-perspective view of a second preferred. enbodinent. of an ALCL.ILn.accordance- - .
with the pres®mcticenpaterisd emhadiments will now be described, by way of non-limiting

- examples only, with reference to the accompanying drawings in which similar
parts are likewise numbered, and in which:
Fig. 1 is a cross section of an anterior part of a human eye in its natural
: near vision condition in an axial plane of the human body;
Fig. 2 is a cross section of an anterior part of a human eye in its natural
distance vision condition in an axial plane of the human body;

"Fig. 3 is a Vpets';peclive view of a dissenibled two component A[OL
assembly including a first preferred embodiment of an AIOL in accordance with
the present invention;

Fig. 4 is a perspective view of a unitary AIOL assembly integrally formed

with the first preferred embodiment of an AIOL in accordance with the present
invention;



Fig. 11 is a perspective view of a third preferred enbodi nrent of an Al OL

I n accordance with the present invention. Detailed Description of Preferred
Enbodi ments of the Present Invention 15 Figures 1 and 2 are cross sections
of an anterior part of a human eye 10 _Raving a visual axis VAin its
natural near and di stance vision conditions, respectively, in an axial

pl ane of the hu %QE .cornea 11 peripherally
connected to a gﬁ%%ﬁ%ﬁﬁn %Eﬁ)grmlfor gydgigé%diebgo létLéugh connective tissue
known as the scl @ig 6& alonghudinaludrass ssctien of Egureals AlHeinuitendB vision An iris
14 inwardly extends into the human eye 10 fromits root 16 at the sciero-
corneal juncil@lfe 13 to divide the human eye's anterior part into an

anterior C-ha”berFié.Z’i qﬁg 3&3?1@% 1 P6ssRATNE br %:ﬁgur@_v,jsst)hilogt B itd Pi_gﬁ‘ance

peri pheral structu as the cilrary body 19 includes ciliary
processess howisiongtatd;| i ary nuscles 21 fired by parasynpathetic nerves. The

ciliary nmuscles 21 are connected tg 25 zonular fibers 22 which in turn are
peripheral |y confdgt®if 3{9"?%@"8%8? 87 paiergg gt OEP%H%%F é’HBFaRWMﬁ%s t he

capsul ar - badgga-L AR AbPYisRARBHL A 2Ribifne GIIAS Riindi boapsul e 26

enrobing a na crystalline lens elris's root 16 and "the ciliary
body 19 delimt &Figd s oerosd sectien ofibe anerios part af e hofnanlege smplanted1withit t he -

[ - | t A3 KJ; .th B . 8., R s of th
5 Cantor orPieulsals ATBL s ity e sateineBakial e of B A bae or al
crystalljpe |eng;27;6n4 altlﬁb?sﬂcﬁag Vi DS sQond JRetéhed 2ntidPmesf 6f aed to

~-hereinafter. as the”. capsular. phragm. 29. Contraction of the ciliary body.
19 al |l ows th&lQEiisa&brdance whthake presentiineenti@nyared thi ckness TI. al ong the

visual axis VA fqr. eater positive 5 ti.cal power for.near Visj (see
Figure 1), Rel axdtifol Bia REGPeERYS Miey oiinirtoprelesiedi cphodimentasam AL | per s
22 whi ch dra;%c&&ﬁaﬂtféﬁﬁﬂﬁﬁ{eﬂ?é’&nﬁﬁwéﬁl%nﬁl |y outward as shown by arrows A

"for conpressing the lens 27 to shorten 1ts thickness along the visual axis
VA to T2<T1 for lower positive optical power for distance vision (see
Figure 2). Detailed Description of Preferred Embodiments of the Present Invention

15 Figures 1 and 2 are cross sections of an anterior part of a human eye 10
having a visual axis VA in its natural near and distance vision conditions,
respectively, in an axial plane of the human body. The human eye 10 has a
cornea 11 peripherally connected to a spherical exterior body made of tough
connective tissué known as the sclera 12 at an annular sclero-corneal juncture 13.

20 - Aniris 14 inwardly extends into the human eye 10 from its root 16 at the sclero-

- corneal juncture 13 to divide the human eye’s anterior part into an anterior
chamber 17 and a posterior chamber 18. A sphincter-like peripheral structure
known as the ciliary body 19 includes ciliary processes housing ciliary muscles
21 fired by parasympathetic nerves. The ciliary' muscles 21 are connected to

25 . zonular fibers 22 which in turn are peripherally connected to the equatorial edge

. of a membrane known as the capsufar bag 23 with an anterior capsule 24 and a
posterior capsule 26 enrobing a natural crystalline lens 27. The iris’s root 16 and
the ciliary body 19 delimit a portion of the interior surface of the sciera 12 at the

sclero-corneal juncture 13 known as the ciliary sulcus 28. Remnants of the



10 Figure 3 shows an Al OL assenbly 31 for self-anchoring inplantation in a
human eye's ciliary sulcus 28 for enabling spectacle free vision over the
nom nal range of human vision. The Al OL assenbly 31 includes a discrete
haptics system 32 for selectively retaining a discrete AICL 33 therein.
The haptics system 32 is nade from suirabl e bi o- conpati ble material such
as PMVA, and the 15 |ike. The haptics sy%ten132 i ncl udes a tubul . nmain
body 34 wi t EMETIEFgPEUle ﬂewhw'aw regnaim tigh extrgction|of the patusal cg [-m@ure 6),

and a pai I QéndInQriatd iellntdé YRRRAE Sap tzecére%fé@eagﬁﬁhmkdam%& 4R ng
therefromin opposite directions In ront view of the haptics system 32.
The haptics c&iﬁsﬁaﬂvmaphmgmrzg)fCpmaﬂtibﬂlofahdcmagobmd;ew aﬂm\astheelans pPrakes 38
wth pomtedpnetratl nenbers 39 of sufflclet strength 20 for, forced
penetration h'r?gﬁn {i¢dis¢ @lfiﬁ%ﬁt'rlléi({'ﬁgs@ﬁé"%‘@ é’“ﬁu%gge%a’&r geditYe 12,

1 gt Ty “ror DRGSR fr Bpac Bl GLFERTY 1y, TEUSAIOTRI TR Sl pBI R, = ©

-details regemsiomstht zenitlapfibers ZQyWhtechéZwal!m cdpkulat bag 23l radiallydestwarded in

the aforenentioned PCT In er nat i onal pl | cation No. PCT/1 L2005/ 000456 in
25 general , SERHORARY HEOVE Pﬁccﬁa?’te?%ﬂ%*ie Cap éﬁﬁ%sh"r%ﬁs‘hé?k“ﬁsci“%%senbl y
41 for self- KAPlo | qmlj‘.;ga% I 28 for |
enabl i ng spetg%lggﬁéef ?’gsee Vi g%ﬁtlo@grlb‘to%e nom :ﬁ%?g%ééﬂ %?ﬁ@fumngyg ‘/\i/#érll on. The
Al OL assenbl(seedBigirecZ)udes a haptics system 42 integrally formed with an

The haptes syot s 3 wous an IO, srseBRbE S Bt sei sheg MBpREIoNB A
20061 030759 ekl dye 2R AR08 foFe SRE Taa i ey S SRy RSmAGLI nsof ar

that. it includes pI ast def or ma aptics 44 wth regions
i npr egnat ed ramgeh of dabinaini visiomenJhe i AKODbi assambvlpad 1 bhcdudecsherdnsméts hdptics
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15 - like. The haptics system 32 includes a tubular main body 34 with a longitudinal
axis 36 and an axial length L1 (see Figure 6), and a pair of diametrically opposite
haptics 37 tangentially extending therefrom in opposite directions in a front view
~ of the haptics system 32. The haptics 37 have a pair of parallel and opposite
attachment plates 38 with pointed penetrating members 39 of sufficient strength
20  for forced penetration into the tough connective tissue of a human eye’s sclera
12. The penetrating members 39 are preferably dimensioned so as to penetrate
slightly more than half of a sclera’s thickness of about 1mm. Further details
regarding the haptics system 32 are illustrated and described in the
aforementioned PCT International Application No. PCT/IL2005/000456 in
25  general, and Figures 3-5 in particular,
Figure 4 shows an AIOL assembly 41 for self-anchoring implantation in a
human eye’s ciliary sulcus 28 for enabling spectacle free vision over the nominal
range of human vision. The AIOL assembly 41 includes a haptics system 42
integrally formed with an AIOL 43 similar in construction and operation as the

30 discrete AIOL 33. The haptics system 42 is similar in construction as the haptics



- system 42 angoibsdiihiat ed and described in the aforenenti oned PCT
‘International Application No. PCT/ L2005/ 000456 i n gener al PCHRERPI/ IS

12-16 in particular. Figures 5-7 show the AIQL 33 includes a cup shaped

casing 51 nade froma suitable rigid bio-conpatible material such as PMVA,

and the like, aQsemays X L2 .al on ongi t.udi nal ~axis 52,
a | eadi ng surfage?53, ggf sttcggf)lgdmellgﬁog?g‘g%f‘%ru?hf’géteﬂgﬁ"{ﬁftpg“sil‘canhagefﬂ”é?r’r@ﬁer

| eadi ng port i o2plcs & veitl orglors 46mip@gnited tviieh WRiiAA0 Bhsitve 3N6-cBripalibRW
di aneter: trail |§ POLS'[IOI’] 57 %a Ffl ht cylindrical _internal surface 58, an
atrailing surf drleals. 61 earhple; %’nR&ﬂr(!ﬁlhserfsntaﬁegmdeqyanﬂwf-gmbmgl@ﬁ), and
aperture 62. Tlig GRS dWehSchaXind! h b.S.: r.than the i n . body's
axial length LI 1;uch t hat héat)k(l‘e[l%nlgkﬁgﬂggflrégiﬁ%@@gggﬁ%mg? e@d‘n‘?‘g‘ij‘f’&{a % s
casi ng 51 al onecpllad ghed§ tradsinini temperakies. | unther ddthilregdrdingeherhapticly’ s axi al

l ength LI. Thg A%ﬁddg‘l pgirtion 56,1 s forned vvitf\ th?e(_a peri pheral |

di sposed | ongrY¥ittn 19'39'- iptegted and, desopibed dn theoafesementianed {neautiomalt he
| eadi ng surf acApphdatiothRoCpe&t ; 1.SC-11K ape opt i cal

el enent 66 made pg?a ot tgblpguﬂglg%g?ﬁl/gg(ﬁ% lggeggﬁgkﬁ%gﬁﬁgwﬁﬁgﬁgt'ﬁ IB’I"E‘H:“L"'

material, such as, Pignyesst-7shgelthe ANQLAGJatIudeNd cup Bapel k8sind Y intliedrom

refractive ind neater.than th of water. Suitable- polyneric gels
i ncl ude sil i coﬁé“%leqqgé‘gfﬂé%‘?%‘ﬂ%&vﬁﬁam'@i sughy as P MAMA, anﬂ?ﬁwﬁﬂ@l. eng haviag,

USA (www. nusi | arc axihl lebipth ORtAISRE 2 S SY6) { ns, Q. under el astic

-~ ‘deformation along its longi tudl?éngl %!I stug{r?; dé%gﬁ’caaﬁdgwgosfm%cg%?n? d
-def or mat i on.f oPERIMRCRrfateI4gWith cawideatiembidr icudsilg portioh56 Y Bé@ffe Qhinjife

casing 51 fro d i ncludes an annul ar base plate 68 forfed

t xteri.o a
‘with an apert Ei‘rn etngg{aaé'igofl%?éémg RIRGIOM diameteryirailing perionsi’; atrigh? tylindrical
free ends 72 eciasdindlGuifade W8t AndA trd 7 n.aperture | ens 7
havi ng a | eadi ne% portion 76 alr11d_ artPg }Sluﬁg"e §%(§${}ﬁ%‘:ﬂwﬁ' 7%?%’@“@?%"1 é} ee
equi spaced r adiedinigg @n rapertute p2.otlhe scasing s/ Sxih D leng R p.2- i-lohgdrithBg hdhif he.
apertures .73. I ,sbgaell PI abﬁLEB Mef er abl }é()f ormed froma suitable rigid
bi 0- conpati bl e matertal Sgthlasu t theaimbody 134, isTeupablpaxftapmiucting the
- casing 51 along an adjustment stroke longer than the main body’s axial length
-L1. The leading portion 56 is formed with three peripherally disposed
longitudinally directed grooves 63 formed with cutouts 64 in the leading surface

-53. The casing 51 has a natural disc-like shape optical element 66 made of

suitable elastically deformable bio-compatible material, such as, polymeric gel,

hydrogel, .and. the_ like, having a refractive index greater than that of water.

- . -Suitable.polymeric gels include silicone gel commescially available from NuSil

Technology LLC., USA (www.nusil.com). The optical element 66 begins to

~ undergo elastic deformation along its longitudinal axis on application of a
minimum deformation force Fog. |

A rigid carriage 67 is slidingly mounted on the casing 51 from the exterior

and includes an annular base plate 68 formed with an aperture 69 and three

longitudinally directed struts 71 having free ends 72 each formed with an-

‘aperture 73, and an aperture lens 74 having a leading portion 76 and a trailing

portion 77 formed with three equispaced radially directed protrusions 78 for snap



lens 74 is preferably formed froma suitable rigid bio-conpatible materi al
such as PMVA, and the |like. The aperture lens 74 preferably has sufficient
positive 5 diopter strength, say, in the range of between about +10 to
about +30, for basic eyesight correction. The struts 71 are slidingly
received in the grooves 63 such that t Re aperture Iens 74 Is lateral to
the | eading surface 53 and the base plate 68 is |ater H trailing

surface 59. fifting dator thacapegpres et prT@éal?%§ RlateobRyrs Rrederp IY °r§° HMBeh a
first extreng, posii@Rio Daflifl dﬁg&)‘%{ngﬁsﬁﬁh%ﬁiﬁl\ﬁ@ ang (RATIRE SThe ARRwIO

trailing surt econ renme positiond I n which the base plate

68 is di st apge isiprefetdddy formed fogn suﬁii&ﬂeragﬁi hsmlcampaablbonatbnalfsucb Bs extr ene
position. A biasing nmechanism 79 constltuted g ‘(1) reh?ls.l on sgrl ng i s
di sposed betRMMA, @ll'fbﬂ!er Hke-i dde ppertogn logs %tﬂfft% Lyt hag suitigiepl, oIyt ng t he

carriage | g 9
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optical el ergyasighBcdreeckiohgdh strotsgh -adeeslidingly treetvedAnthe gfdoo'lesi 68tseciAl OL 33
with a high 03|t|ve di opter strength for near _visjion 81.5&36@) The
bi asi ng nectb#i thapertyrg 1%5”;1‘%@“’3"8&91‘@5@‘&5 S“%fé‘@o?ﬁﬁlﬂé £

appl i ed agai; n | Ll I ation
of the cili a??}at %Q;ﬁl) @gﬁggw@?fégfg?%e@gn E nﬁ@[rﬁg?}c{g tmggggggﬁ{;ﬁeéw such
that the carg bageeh’a fisswxesmet positionsin whtm:lerlm barsi pilaterﬁ&‘ (44 ddjatdrmvthtng t he

optical elenment 66 to revert to its natural .disc- I|k % g}p F d% r.ease
_the ALOM0s _ieilingpurfessi 19 srd diserondrextiems,pesilion in yhigh-Re % gé%e

Figure 7). 'ﬂl&g & éor?lalﬂ Qrafl V%Jrha%e@%l?t%ﬁ@ © fi téﬁkém@%ﬁﬁﬁbﬁd/&n a

human eye's CI ary sul cus at® peri phe stati1onary anchor

poi nts AP i rbiadisg ni¥ehfrfisih 79 Gintitussdcoyf arcoduﬂéammmgtleshspomwaGmI y The
AlOL assenbly 31 is inplanted in a human_eye 10 such that _t he c#su‘i
di aphr agm 2ghe |t@Htﬂg/Pq;8aB $7 angdhs strusndd Basttrgmga!b@ CB@lagﬁ 67HE #H$CPELt ed

Lot o TSR o ahReE 0 R R, e
di st ancesvi &#ﬁé}e$3§|t£Fo§9 A for deforming the optical element 66 to bulge through the
aperture 62 to afford the AIOL 33 with a high positive diopter strength for near
vision (see Figure 6). The biasing mechanism 79 is designed such that an
- accommodation force Fcp applied against the base plate 68 in an anterior
direction on relaxation of the ciliary body 19 satisfies the condition that Fog +
20 Fcp > Fam such that the carriage 67 assumes its first extreme position for
allowing the optical element 66 to revert to its natural disc-like shape to decrease
the AIOL’s natural positive diopter strength for distance vision (see Figure 7).
Figures 8 and 9 show the AIOL assembly 31 self-anchored in a human
eye’s ciliary sulcus at peripherally disposed stationary anchor points AP in its
25 near vision and far distance states, respectively. The AIOL assembly 31 is
implanted in a human eye 10 such that the capsular diaphragm 29 lightly bears
against the base plate 68 in the contracted state of the human eye’s ciliary body
19 such that on its refaxation, the capsular diaphragm 29 urges the AIOL 33 from
its near vision state to its distance vision state.
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-8- While the invention has been described with respect to a |limted nunber
of enbodi nents, it will be appreciated that nmany variations, nodifications,
and other applications of the invention can be made within the scope of

t he appended clains. For exanple, the hiasing nmechanism 79 can be
inplenented by 5 longitudinally conpresSsible flex el ements 81 (see Figure
10), leaf springs, 82 Figure 11), an t’) i ke, Also si ght
correction can beVvBH B\‘?i’&’@ﬂelﬂﬁp%aﬂdsc?ﬁe)eﬁeéfrd]ﬁgs%“ FE8PECt; 03 ggn&eéfnu{rh%%?
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non- mechani cal ues or exanpl e, gl uind, dlng and the |ike.
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surface v Pgifﬁgﬂﬁzf] eyi wtﬁpreé'ilqe FlexlefRRdntOBE (RE F3hir6 AD), YeIpANEPEL @eshape

menory opt| ca a carriage having a base El ate and an
aperture IenEngumniﬂ)bandughe kkedﬁig'b,ybmnymhbmosraﬂwrb@ﬁﬁ gﬁfﬁeﬂﬁdst&f # base

| ate | ateral aid trajlin rface f rocati.pn first
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second ext I &g, Refilish mrm,eémxﬁcméamm@fs ©fot Qx@inplea AR, fwgm?r%aladd

trailing surtface relative to said first extrene position; an a bi asing
mechani sm f athedikgi ng said carriage relative to said casing towards said
second extrene position for deformng said at | east one shape nenory

optical. elenent to.at least partially. bulge through said aperture.to.afford . ..

the AIOL a natural positive diopter strength for near vision, 15 said
carriage being driven to said first extrene position on application of
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roTevert toits natural shape to decrease the AIOL's natural positive

‘di opter strength for distance vision. 20 2. The AIOL according to Caiml
wherein said biasing mechanismis disposed between said trailing surface

and said base plate. 3. The AICL acedt i ng to Caim2 wherein said biasing
mechanismis a 25 conpression spring. 4. The AlOL according to any one of

d ai s 4AWYSB wherein said aperture lens has a diopter strength in the

P & Cnehatdnbbee Rty bl R0 el eET | 177 041200E |
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Clains 1 to 5 wherein said aperture 5 lens is lateral to said |eading
surf acelementyne Al OL according to any one of Clains 1 to 6 wherein said

i age | Lk d i ing. 10 8 oL di
“any oneof @R v Paped MG o Dap et B8 ke, poeriund et PR col’
el emenglififply Maubicd ofli S4idl Lding NARA- sdld KikePPRATTRARI Y shil ARG 2T | ens

(AlQL) assenbly for inplantationin a
surface for reciprocation between a first extreme position with said base plate

_adjacent said trailing surface and a second exireme position with said base plate
10  distanced from said trailing surface relative to said first extreme position; and

(©)  abiasing mechanism for urging said carriage relative to said casing
towards said second extreme position for deforming said at least one shape
memory optical element to at least partially bulge through said aperture to afford

the AIOL a natural positive diopter strength for near vision,
| 15_ _ said carriage being driven to said first extreme position on application of
an external force to said base plate in an opposite direction to said urging
direction to allow said at least one shape memory optical element to revert to its

natural shape to decrease the ATOL’s natural positive diopter strength for distance

vision.

2. The AIOL according to Claim 1 wherein said biasing mechanism is

disposed between said trailing surface and said base plate.

3. The AIOL according to Claim 2 wherein said biasing mechanism is a

25 compression spring.

4, The AIOL according to any one of Claims 1 to 3 wherein said aperture
lens has a diopter strength in the range of about +10 to about +30 for basic
eyesight correction.
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Printed] 28/06420081 i ary sul cus and a|GbMSRAMD]{| i ke ciliary body for teH@-QﬁQ_W@?}
Ta capsurar diaphragmin an anterior direcfion along the visual axis on its

relaxation froma contracted ciliary body state to a relaxed ciliary body
state, the AICL assenbly conprising: (a) a haptics systens having a
| ongi tudi nal axis intended to be 20l@epl oyed co-directional with the hunman
~eye's visual _axis, and a nmai.n body with at |east two haptics extending
t her ef Som i The pl@heaquerdingdbuyaond of ChaichsThps Hoshereis st isisk Qe igdi nal
axi s, each haptics having at |east one pointed penetrating mnenber for
. penetrﬁml Bt he t ough connective tissue of the human eye's sclera for
sel f-anchoring the AlOL assenbly at at |east two spaced apart stationary
~ 25 anchoring points in the human eye's ciliary sulcus; and (b) an AlOL

accor dbng t THRNAIORE abtordidd 16 ahy! Ond LSS szlig g‘%{fﬁ’i‘eineéfa‘?& rsaé:ul%gtglgt%” ar

di aphragm applies said external force to said ate on I on of

i t s> ci lansrig lajemml to gait lentiingER®fane. Apr 17, 2006 16: 06: 36. Pa AVENDED SHEET 1
, 17/ 64/2001 a nu nnn_ FROM NuLens Ltd TO 01331703403016 Pri nted:

26/ 06/ 2006 1CLMSPAMD || (LO50106 -11- 10. The AIOL assenbly according to

d ai wh ' \ ] em.i o] for. sel, i vel
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10 wheegiomally thotnfdd basaii eavin. 5 body with an axial length LI along its
| ongi tudi nal axis and said AIOL"s casing has an axial length L2 along its
-.l.ongi.tudinal .axis where L2>L1 such .that. said..main body is. capable of .. ... . .

cl i pg said AlQ s casi,ng al ong an ustment stroke |onger than said
| maﬁﬂpbgdy' ;%ié&’lﬂeﬁﬁﬁpﬁém%@@y ROl (daims & dab] yhereinsaidhat leastopng m 9
.wher el BhfR e BRRY dpticaY 8leSBdt Sias a natural disc-like shape.

9. An accommodating intraccular lens (AIOL) assembly for implantation in a
human eye having a visual axis, a sclera of tough connective tissue, an annular
15  ciliary sulcns and a sphincter-like ciliary body for tensioning a capsular
diaphragm in an anterior direction along the visual axis on its relaxation from a
coniracted ciliary body state to a relaxed ciliary body state, the AIOL assembly
comprising:

(a) a haptics systems having a longitudinal axis intended to be
20  deployed co-directional with the human eye’s visual axis, and a main body with
at least two haptics extending therefrom in a plane perpendicular to said haptics
-system’s longitudinal axis, each haptics having at least one pointed penetrating
member for penetrating the tough connective tissue of the human eye’s sclera for
self-anchoring the AIOL assembly at at least two spaced apart stationary

25  anchoring points in the human eye’s ciliary sulcus; and
(b)  an AIOL according to any one of Claims 1 to 8 wherein the human
eye’s capsular diaphragm applies said external force to said base plate on

rélaxation of its ciliary body.
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““Wantal " "sel'&ct’i ve di spl acenent of "sdi d AI'OL al ong the human eye's visual

axis relative to said at |least two stationary anchor points. 15 13. The

Al OL assenbly according to Caim 12 wherein said radiation sensitive

regi ons are adjacent said AIOL and rddpte fromtheir respective pointed
penetrating nenbers. 20 14. The Al OL assenbly according to any one of

d ai ns -t o he g enspeahll acsardingaptGleim Sawhardihisaidphayftidsesysienaisd ane

per pendj: r i apty c stemls |qngitudinal axis such'that each
sai d hgdﬁ%ygge § s‘ﬁgﬁ’?‘?‘chf:aéﬁ?lf‘ﬁﬁY% efining s d 12 Al gthefeund sai d mai n body
i n said plane perpendicular to said haptics systems |ongitudinal axis,
.and a wide profile along said haptics systenis longitudinal -axis 25 such

that eaddh salke AdPIi sssensblyiagcordiggitoClain dORhersh eaid AIOE, KRS galPng. 15.
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- main body is capable of clamping said AIOL’s éasing along an adjustment stroke

longer than said main body’s axial length.

10 12.  The AJOL assembly according to Claim 9 wherein said haptics system is
integrally formed with said AIOL and said at least two haptics each have a
| plastically deformable radiation semsitive region for enabling in sifu manual
selective displacement of said AIOL along the human eye’s visual axis relative to
 said at least two stationary anchor points.
15
- 13,  The AIOL assembly according to Claim 12 wherein said radiation
sensitive regions are adjacent said AIQOL and remote from their respective pointed

penetrating members.

20 14. The AIOL assembly according to any one of Claims 9 to 13 wherein each
said haptics has a thin profile in a plane perpendicular to said haptics system’s
longitudinal axis such that each said haptics is sufficiently flexible for encircling

- around said main body in said plane perpendicular to said haptics system’s
longitudinal axis, and a wide profile along said haptics system’s longitudinal axis

25 such that each said haptics is rigid against a compression force therealong.

15.  The AIOL assembly according to Claim 14 wherein said wide profile
tapers from a haptics’ proximal end adjacent said main body towards its distal

end remote therefrom.
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