; e3epmi@<6r TLV 2WO 01/ 08607 PCT/ US00/ 19479 2.9 JAN 2004 | I NTRAOCULAR
LENSES "FI ELD OF ' THE | NVENTI ON The present invention relates to intraocul ar
"l enses (| Owe) omesdom net hod for maki ng and using the same. MPET/US00/19479
particularly, the present invention relates to accomodating |Z8sJAg0§ned
for refractive correction in aphakic eyes where a diseased natural lens is
surgically renoved, such as in the case of cataracts. BACK D OF THE

| NVENTION | OL i npl ants have been used for nmany years in ap%‘ﬁuﬁwﬁm’,mmm’
repl acenents for diseased natural crystalline | enses that ha

surgically removed fromthe eyes. Many different | QL designs havsssmsen
devel oped over past years and priNHRASOMIHARIENSES use i n aphakic eyes

Successful | OL designs to date prinarily include an optic po»”ﬂ”ﬁmmummmmm

supports therefor, called haptics, connected to and surroundi _

part of the optic portion. The haptic portions of an I COL are destaywed t o

support the optic portion of the IOL in the |ens capsule, anterior chanber

or posteri f Commerci ally successful 10OLs have been nade
froma var ?@ggﬁpﬁﬂgd%%&qmt erials, ranging fromnore rigid

materi al s such as pol ynet hyl met hacrylate (PMVA) to softer, nore flexible
materials capable of 1 ., WO 01/08607 PCT/ US00/ 19479 2.9 JAN 2004 being
fol ded or conpr ddecpresenhirventiohirelatesio intmbaular demses ((OL sdamdry thetbeds.
Haptic portions of the 1 O.s have been formed separately fromthe optic

por ti on anfbr rAaRINgCAd BSinGtheaIngs.0 MErfeoparticDIRPIyC H5e prasstit ideritRA relates
physi cal staking and/ or chem cal bondi ng. Haptics have al so been forned as

an i ntegralo gsdmloddlifgaBiLisCddGhéd for Bfrabite ESmeeiBR h ¥phs réffé

"si ngl e- pi eoce" I"é_so.&ég'ofgt?r, rmt% %c?e;i bfre I Oe_s l'tqave gai ngg f(% opu‘{’g?ﬁgy
in nore regey [y 1o T f gl 'l ed
or ot herw é?gcfe%/s%?n@%ﬁpﬂd%ﬁs L%ﬁ@#éﬂ&é%%abg&e gﬁ ﬁg@é%rglsgro?tc%?él%gés?“ on
t hereof through an incision in the cornea of an eye. Follow ng insertion of
the I1OL in an eye, the 1A returns to its original pre=defornmed shape due
to the rrermrE characteristics of the soft nmaterial. Softer) nore flexible
| CLs as jtg'f\ BUNB %JW}%'NM@"&H% into an eye through an incision
that is much smaller) i.e., 2.8 to 3.2 mm than that necessary for nore
rigid 1Qs, i.elOL implants bave beenAisedifge manyqyasrsin iaphakioeyss gsfor nore
rigid | OLs because the |ens nust be inserted through an incision in the
cornea sl irgptdcementgdor tisaased aatlirairetystaliirie iemsesthathave bebflsungitally
portion. Accordingly) nore rigid | O.s have becone |ess popular in the

mar ket si pemdveddeomi thel éve(QDSMEﬁY;@iif@éﬁt IfC?l_LJBdsfgﬁstlfav%Sﬁé@n deodlopetibvalt

i ncreased incidence of postoperative conplications, such as induced
astigmati } iI8n, : : no all s are
subj ect t?Qgé%réﬁgsgb%r?\g%g{s}&géxégrﬂ%]efapg%léyﬁgﬁ%u 'g%ggeg’%tc E%%efg'f k?%rom
natural brai n nduc contract.ion and rel axation of the ciliar spgle and
et eases BT dseiding v SlgR SN dRCRRHoR ik LBt tndiatal taed o
kind are useful in a phakic eye for focusjing the e¥e at varioqus distances.
Nbst Conm'};\agtlgﬂ r.;prlnected to and’surrounding at ieast part of the optic portion. The

haptic portions of an IOL are designed to support the optic portion of the IOL in

the lens capsule, anterior chamber or posterior chamber of an eye.
Commercially successful IOLs have.been made from a variety of

biocompatible materials, rangir.19 from more rigid materials such as

polymethylmethacrylate (PMMA) to softer, more flexible materials capable of



WO 01/ 08607 PCT/ US00/ 19479 ~2:9 JAN 2004 successful 1 OL designs for use in
aphaki c eyeswdavse®i ngl e focus optic portions that are fixed peddspeHsssbhhe
‘eye at only a certain fixed distance. Such single focus | Qs r?w@g& g
wearing of glasses to change the focus of the eye. A few bifocdat”l ve
been introduced tg he comrerci al market but suffer fromthe di sadvant age
that each SRR AR COMPIPESAM BYCh @S siligRngs,cartajn gendish: ard hydeogels,
avail able light and the remaining twenty percent of the light is lost to
scatter, wilamicpationsof thke $@he tavedesn formed, sefarately éramh thdopticpettion
shortcom ngs of current 1O designs) there is a need for accommodating | OLs

desi gned t engriater éenmektdd HerbtothFoadh pretisies suchPhshibst ﬁbhgé | Sk t he
ai d of eyegl asses. SUWMMARY OF THE | NVENTI ON An accorr?mdat'i n ic\ﬁ!%aocu ar

lens (1 QL) j i1 4 ' i pn_has _an_opt i

port i on v £oak hBrAEEOORRG, Sdnliisda ERRbeor e S5 gfiinEhptthart of

el enents for supporting the optic portion in a patjient's eyg. A lens having
two hapt i cfhﬁ %ﬁ'@?ﬁ?@"&%‘gﬁa‘f’%&@&wﬁ‘ﬂa& fﬁgeaeﬁéﬁta% 5@?@%@‘%’9 dPksd or
attached on two ogposed edges of the optic portion. A lens having three
haptic el enent sSPEepdnare Baxible Qs hgve gainedin papulasify incmere renent yiearsred
or attached on one edge of the optic and the third haptic el ement formed or
attached odueto theinability tedbe compressed; tfolkded? rokes oh atheryidetsfonmBH! CSuch

el enents i s bal anced by having a set of two haptic el enents forned or

attached csofterdOregnaypbe d6foPREHTFd0 Insettion’ teg%bfh%dcﬁ &h RSO if (ﬂ‘iéTﬁd

or attached on an opposite edge of the optic. hapt I'c el enent has a

per manent 15 nonerer i PRloWRg s orie 101h #1608 ol Midtite 1 ¢ e

optic portinn. | f t i | emen s of a logped design he ptic

el enent hadsrf%‘?aanl r’%|ﬁ°pﬂm§hasﬁa§8rﬁ+é%f°%'?‘ﬁwt raﬁ@f'ﬁh%%%ffw nect the
| ooped haptic .ele t to the outer.peripheral edge of the optic portion. In
the case g'i’éﬁ%gﬁL eggﬂﬁ(fi THgre ﬁ?’és}%{olﬁfbﬁ? J‘-F-"éd‘}afeﬁ" ‘Pgﬁtméy eedmpiarteddntaean of

two | ooped hﬁﬁti c elenents nmay have three attachnent portions rather than
four. In SYyerdnepughsan ingisiogithahis muehsmallerches 28 toBi2 mme, thendhbaton t o
each of the two | ooped haptic elenments in the set. Each haptic el ement

whet her ofiegessRiy faemage rigid hots| e ddto 6.0 inaxi W largemincisiorpisrecassapcat ed
bet ween the attachnent portion and a contact plate. The contact plate is

desi gned far reogErigidadDlsbecause frciensmastiss irstirted RireugH BA indisishhahe
central portions that extend between the .contact plates and the attachnent

portions ebdres éligﬁtl?ﬂéig“erlﬁtﬁéﬁ 198 ddmé&tae of Bhe iﬁﬂédl BI0R' t;ﬂ/: goHibg! to

pressures exerted on the lens within the eye. Itiona ., Wwthin these

Al
XLl Aememlpiin 0¥y RIS nERB ol B S L NG bR 57 o
o Y g e B BB B 5 R el o

characteri st c%} the present | OL maxi m zes axial displacement of the optic
portion aPPHGPerlivefiamBalications, such ms ingucahastigoatismssi ve forces are
exerted against the IOL. By increasing the subject |ICOLs novenent along the

optical axis offtanlQlénplantatiémdadth\softenandmagrenggid I0icére $iebjedtdoof
eyegl asses is achieved. Accordingly, it is an object of the present

i nvent i ommmssmed@rcsseméameiduté@eegégthér%mnf RaturSISrain-aphaki c
eyes. 4 i WO 01108607 PCTI US00/ 19479 i 2.9 JAN 200g
induced contraction and relaxation of the ciliary muscle and increases and
decreases in vitreous pressure. Compressive forces of this kind are useful in a

phakic eye for focusing the eye at various distances. Most commerciélly



Anot her object of the present invention is to provide accommodating

i ntraocul ar_ | enses for use in. aphakic eyes, which nmaxinze axi al

"di spl acemeNYOBHO86AT optic portions of the Tenses al ong the ofRGTEHS004RMY of
the eyes. Another object of the present invention is to provide 29 JAN 2004
accommodat i ng i ntraocul ar | enses for use in aphakic eyes, which mnimze

damage to succeissful IOt designs foriwse il apiakie xyes have!dinglB 64 optid Bekijds t he

present invention is to provide acconmobdating intraocul ar | enses, Ich are
resi st ant ' sl -ceH¥S : | | yves and
advant agesth% Qf‘eﬁgﬂ%? ?@Qﬂ’? c%&/’(i'ént@ Y%n@ dswfrré coe mﬁéﬁa}g}sgéﬁ%%csp#ﬁgfwg

descri bed rs_that, are not 11| beco a rent fromthe detailed
descri pti Jﬁ?%?@#ﬁ&g%ﬁaﬁ% I"‘éﬁaﬁg’qcPé\élaﬁﬁﬁ Wﬂ?&) &l%&cpﬁé’m&?ﬁﬁes‘\ W
designated by like nunerals. BRI EF DESCRI PTION OF THE DRAWNGS FIGQURE 1 is

a - schemat itifacabl@ks hexeikaendintroduced te the coatmarcial mearket but SUffasHFora the a
plan view of an IOL with three haptics nmade in accordance with the present

| nvent i ondisddudritage itsatesgtbifocatimabetreprasante only gt faity perddrit of the 2
cross sectional view of the 10OL of Figure 2 taken along fine 4-4; FIGJRE 5

i s a perspoallabe g Wref the'femdmhing twe ' '
PCT/ US00/ 19479 [2*§9 JAN ppp-~ FI R 6rﬁys'bgr%négfeq%@k%%%ﬂtgr,el enent

of Fi gure"ﬁ-!;\m %gﬁg I.QAJRE 7 is a side view of the haptic
el enent o _|ghr%ﬁ§éémp§%ser oun TS gé , FIGURE 8 is a cross sectional view
of the haptic ‘ﬂe%%@te c%f thg'r%%g sﬁo‘r’iﬂort:nziﬁgss to} é&r?grlwtq?)Leé!eesr{grrg,’there is a need

for accommodating IOLs designed to provide multifocal visual imaging in aphakic

eyes without the aid of eyeglasses.

SUMMARY OF THE INVENTION

An accommodating intraocular lens (IOL) made in accordance with the
present invention has an optic portion with an outer peripheral edge and two,
three or four haptic elements for supporting the optic portion in a patient's eye. A
lens having two haptic elements is balanced by having a haptic element formed
or attached on two opposed edges of the optic portioﬁ. A lens having three
haptic elements is balanced by having a set of two haptic elements formed or
attached on one edge of the optic and the third haptic elemeﬁt formed or
attached on an opposite edge of the optic. A lens having four haptic elements is
balanced by having a set of twc; haptic elements formed or attached on one edge
of the optic and a set of two haptic elements formed or attached on an opposite

edge of the optic. Each haptic element has an attachment portion that



FI GURE 9 is a plan view of an I1OL with four haptics made in accordance with
the present invention; FIGURE 10 is a side view of the 1OL of Figure 9;

"FI GURE 11 W® ®/0604n view of an IOL with two haptics nmade inF A998 Wi t h
the present invention;, and FIGURE 12 is a side view of the | OL @9 PAY.2004
11. DETAI LED DESCRI PTI ON OF THE INVENTIO\I Figure 1 illustrates a sinplified

di agram ofy, f\%ﬂtl}%oﬁﬂ&‘ﬁ’s'tﬁ% ens ég?éﬁt]w%'ér&ﬁef slsﬁeﬁatanewgtét@r the optic

[ rrpl ant at i on o an“ 1 ntraocu e present entlon

01035 2 L By R S T g L

al so incl udes anterlor chamber 20 | ocated in front of iris 14 and a
post eri or genendiy twzpattachment pastiops thatmesmanenty ceangehthe logpedshaptic
Accommodating | OLs of the present invention are Preferably inplanted in

| ens capselemerit f theroutéreperipheral edde of thensptic pattional inl thecake dflehas c
application). Wen used in aphakic eyes, I OLs serve as replacenents for

surgi cal | pa Y\?é’e tﬁﬁﬁ‘% haptic eleniedf@‘a Qét SRR I8P d-5881id Biefllertsd JAN

2pp~ natural nses for exanple follow ng cat aract surgeri es.

Eye 10 al S [ hat
pgsses thﬁWdﬁgYéiﬂ‘?%%%%@gﬁﬁIg@ﬁb 8?“85% 'Qﬁ’egr?[‘ éﬁ?%"r‘"l s’u ace g:lgg én%ods}tqgél or
surface 3 Ien i cal axis OA- OA e human e rall
o pendi clhrap attaaaTEs PRI IS BHBaN 12 Sashiaf s tweeoaed BabliealedBnts The
| OL of the present |nvent|on as |Ilustrated In Figures 2 through 12 but
best il uitthetset. iBachi haptiselement whether ofialaopdasion & nat ingludes ay
reference nuneral 32. ICL 32 has an optic portion 34 with an outer

peri pher aflexdbigecettiral pGiicﬁQlobataﬂbb@tglm therattaghimentaportion @nef @ cabtacti n | ens
capsule 24 of a patient's eye 10 and is preferably vaulted. A vault of

appr oxi nepiate) Thédcoitadt Pamdistadsigried &5 ehdagd ah ihverlsurface obapatiengsf rom t he
pl ane of outer peripheral edge 36 of optic portion 34 to the plane of

contact ph e?hé@tex%&émb@u irlioH€ titl exeh P Betvderd e eantart plitesaingl the
Preferably integrally formed on peripheral .edge 36 of optic portion 34 are

i bor RO R i B AP VR I O sl 19 o
and per mapn egtshyesceoxnerln_{ee%t c?r%]I tl‘%eole%létv%h Rihe gyg.r a)\d&%ﬁaﬁ’)? ﬁiﬁhiRQ}\ége L?I%gatblé) n 34
central portions, each haptic element is designed to have less resistance to
bending in a plane generally parallel to the optical axis of an eye than in a plane
generally perpendicular to the optical axis of an eye. -By providing haptic
elements with this type of flexibility characteristic, the present IOL maximizes-
axial displacement of the optic portion along the optical axis of the eye when
compressive forces are exerted against the IOL. By increasing the subject IOLs
movement along the optical axis of an eye, multifocal visual imaging without the
aid of eyeglasses is achieved. |

Accordingly, it is an object of the present invention to provide

accommodating intraocular lenses for use in aphakic eyes.



by attachment portions 44.3 Alternatively however, haptic el ements 40 may be
attached g §Pdges7 POrtion 34 by staking, chemical polynerizagidmasioabher
‘met hods known to those skilled in the art. Each haptic el enent ﬁhsm

i ncl udes a broadened contact plate 38 designed to preferably engage i fer
surfaces 50 in lens capsule 24 of eye 10. In accordance with the present

i nventi on) hapAnotkerobiect ofithepreseat inyeation ds tchprovideeacecahmgiating npl ant ed
in a patient's eye 10 and held in place through 7 WO 0110$607

PCT/ USO0lihtrad8uRardensdds Asl0dse pnapsiesidc eges onibieh readniizs akial divpgsacanehpees 50
on contact plates 38 of haptic elenents 40, haptic elenents 40 flex so that

c¢ont act tos [ f i . Accordingly,
hapti c eﬁgge tg@é%ﬁ%&%({é@%%@ﬁ%%gé@%d@@ék al’sled?é%§¥é€'| y perpendi cul ar
to that of optjc portion 34, of IO 32 and.generally. parallel to.that of
oot cal axi o bRl iOgerarReayesedl BPRISH o RHER A RPERlng
characteristic into haptic el enments 40) 10O 32 allows an eye to achieve
mul t i f ocdNr3ecular lensas fog useinaRhakiceyes Witick yigimize sdemageetd tissuas in t y
characteristic of haptic elements 40 maxi m zes axi al di splacenment of optic
portion ¥eintesiodiof e egesal ong optical axis OA-OA of eye 10. Conpressive
forces of differing nagnitudes within the range of approximately 0.1 to 5

mN exert ed ,agas'msan@marﬁeétlérttﬁé pPSsérit ifvdHition igltSfﬁéwiae%@cbauﬁ%&@ﬁg%ch as

approxi matel y an over al O mMmin diameter conpression of | 2

t hat Ca“ﬁ%&ﬁbl%‘ﬁf@g %@%%%?Qaﬁpfocﬁ&e%%ﬁbﬁo@“‘ﬁn e e&8§.“| ts in nore

t han approxi mately nore prefera e than approxi mately

1. 5mMm and nos referabl re than approximatel y. 2.0 nm axial di spl acenent
of “opt 1 ¢ por ¢ TEPse.Ad Sfer RhipelyEtand SiEnAGRS ok iie prESAS NROUER, que
design of 1O f32 achieves significantly maxi mzed axial di S.F)| acenment of
opti c poPPm&P Mh'aih%'q speaifically dercripedand otheisthat @re wot. hwillbecema ni zed
axi al displacenment of \(?J)ti_c ortion 34 enables an eye to achieve nultifocal
" visual i #RRANeNt fiem the aﬁ%nlecgdg%crtﬁtmbﬁpwsgsmdf@almthapmlmw.imemireven
greater than those descri bed above) are applied to eye 10. The flexibility
char act effkesteiatursts argpdésigabtadby likeduaferalsl 32 as descri bed above is
achi eved through the uni que design thereof. As best illustrated in 8 WO
011 08607 PCT/ US00/ 19479 Z. g JAN 2|1)04 Figure 2, 10L 32 has haptic elenents
40 fornmed with flexible central portions 62 adjacent to attachnment portions
44 per”BBRlEFtDESDF@PWMgFOFﬂErDR%'W‘N@?a' edge 36 of optic portion 34.
Fl exi bl e central portions 62 are essential in inparting the necessary
flexibility to the 1O.s of the present invention. Flexible central portions

62 have a di i kn_plane 46-46 gener,al.l rallel tqg optical axis

QA- QA as depriiE @%E b];ﬁ%g%‘:”}&n%!cr gﬁ@tié‘ﬁf’g@? 'Pkeﬂ?rcﬂ? ae'g"d@?nt%ebut nost
preferably | t the sane in plane 48-48 generally perpendicular to
optical axi seﬁdz?‘éﬁg;% g8 apew ﬁPandE%w'ﬁ? t@gﬁﬁlﬂpi‘ﬂ?.s negsif Icaceardaeces s
rel ativel%bflat wi th either rounded edges 52 as depicted in Figure 7 to
provi de W tasopresentinventian;i nner surf aces 50) or nore defined, sharper

edges 54 as. depicted in Figure 6 to provide a barrier to prevent cellular
m gration andFIGUWRERS iparsidewleandbthetOL of Figare 2apsul e 24.

FIGURE 4 is a cross sectional view of the 0L of Figure 2 taken along line
4-4,;

FIGURE 5§ is a perspective view of the IOL of Figure 2;



The subject 10OL 32 is preferably manufactured to have an optic portion 34
approximately 4.5 to 9.0 nm but preferably approximately 5.0 to 6.0 nm and
‘nost pref eMBPYO8% ym in di aneter and approxi mately 0.15 mmPCUSOMIAR put
preferably approxinmately 0.6 to 0.8 mmand nost preferably 0.7 ma9 AN 2004

t hi ckness at peripheral edge 36. Haptic el enents 40 extend from-the optic
portion 34 of | i | ] i L d wll
i ncrease or decraéggg%l Eq%%ef’g??@é%gméﬁggﬁﬁﬁ%éﬁ?gnm? HFeé gib‘lglgs (k)?gll’pegr?{s
desired and _ the dianeter of optic portion 34. As the dianeter of optic
portion 34°PHB¥eases, the overall length of haptic el ements 40 may be
decreased. Likew se, as the dianeter of optic portiagn 34 decreases, the

overal | |ength BIGHRR 7 ds asideniaw abthakaptic elgaient af & iows.d vdth roynded

customary, the overall length of the haptic elenents 40 are varied 9 wb
ot 108607 PedgesS00/ 19479 2 9 JAN ypp~ to achieve desired I1OL 32 sizes rather
than varying the sizes of optic portions 34. In general, |ooped haptic

elements 40 as FIGURE 848 drds$seetichal View of fhey istid elehsestuf FigLre6slith 2. 6
to 6.0 mm but preferably approximately 3.4 to 5.0 nmand nost preferably

appr oxi mat 4. . in.l.ength nmeasuring froma point of equal distance
bet ween co%%ﬁe’?a'ﬁ{?a@&'lﬁgﬂl' portions 44 on peripheral edge 36, to the center

of contact plat ooped, haptic ele ts, 4 eferabl v.have a generally
Founded or oval FIGHREGF Pl dev of 2 oL it forF FepiFe drdae I edrtegtal’ o
axi al deflection under _ conpressive forces. Non-looped haptic elenments 40 as
i |1 ustrat sMth theprpseat inveatianNd are formed to be approximately 2.6 to 6.0
nm but preferably approxinately 3.4 to 5.0 nm and nost preferably

appr oxi mat el y FISUWRE 10 isemgide viewxnfithedOLofhigire % ddl e of attachnent
portion 44 on peripheral edge 36, to the center of contact plate 3B.

Non- | ooped haptFIGUREMENissa planpviewveasfadrl M lhwith tavodeaptics! ipdedn adedrdzincey al
configuration as illustrated in Figures 2 and 9 to provide a suitable

- stabl e fiiyiiM fHal prelsBABirvaRGGh aridt Whil e al I owi ng axial deflection under
conpressive forces. For purposes of the present invention, the generally

rounded or ovalgghape 1¢fs! : Jr@btg ¢ el enents 40, i.e.,
- the beam curve Fs' ape, 1(ryel gﬁ@%%’@?ﬁﬁ%%pfgtﬁﬁckness ratio, i.e., the
aspect ratio, of haptic elenent 40 as described herein is critical to

achi eve suitable function. Flexible central portion 62 of haptic el enent 40

IS appr oxj 0 { r approximately 1.0 to 2.0 mm
and nost %@LE& Qgﬁ@ﬁwgw{%ﬁﬂﬁmel y 0.2 tol.0 mm but
preferably approximately 0.3 to 0.7 mm and nost preferably approximtely
0.46 mmin w dfigyre billskales-a simplifieddiagramaf aneye 10 sbowing tandmark
preferably 10 . _. , WD 01/08607 PCT/US00/ 19479 2 g JAN 2004 approxi mately
0.3 to 0. struchires slepantfterthe lipplanation ober intracutartens of the preserd | n pl ane
46-46. Contact plate 38 is approximately 0.8 to 2.5 nm but preferably
appr oxi mairiientidn 0 E?e 403nodes énndistically efear ebyda aREmekamiishy. A Satowal n
| ength, approximately 0.05 to 0.5 mm but preferably approxinmately 0.1 to
0.4 nmm angy %né)fe‘ﬁse‘ré‘ﬁhé! thwa@ﬁeﬁb&%@&éﬁm thé mscmﬁ%gam@. Eye
tély 0.6 ra I to 1

appr oxi nma to 1.5 mm but prefe y approxi mately O. .2 mm and

nost pref - r oxi | . ' i d . Or OV] t he

di nmensi on@5 %?Aq/'a?l%%a%gg} %%Béﬂpa@%ﬁa\?%ﬁggﬁéﬁg tf{bgﬁ%ﬂ%%”% are
relatively thick_in plane 4B-48 at contact plate 38 through to_attachnment
porti ons GREREr 33deeatpdhatwaendis s @pdnatywiablanscthit ASCOpBRedaling KLs
preferably exhibiting a thinner ‘dinmension 't,n plane 46-46 than that of the
wi dt h i n qf ttieepré8erBinventiqre dreénpreferabdy) ienplanted/it lefs chpsslet?4 aftedthwi gn t end
to resist deflection into closer proximty with outer peripheral edge 36

when a Cof@a io? dliSetsedl Adtuli i 16 faHAMG apSifiatioh) Pl Wi Béked ip maxi m ze
axi al displacenent al ong optical axis OA-OA. Wen accommodating 1O 32 is

used as . i en t Lahl Lt f : | ve
correati GPTREELE! N Son@ SRR erilt i el rd e ib e Ty

el ements 40 of 1OL 32 may |i kew se be achi eved or enhanced by incorporating
a stiffening elenment 60; in the shape of a wide, very thin ribbon, in one
or nore haptic elenents 40, as illustrated in Figure 8. Stiffening el enent
60 may be positioned in haptic elenment 40 so that wide or broad flat face
62 is oriented in a plane parallel to t%at of plane 48-48 so as to be thin
axially in a plane parallel to that of plane 46-46. Stiffening el ement 60
functions in a manner simlar to that of an I-beamin construction to 11
WO 01/ 08607 :



PCT/ US00119479 2 9 JAN 2004 maxini ze axial displacement along optical axis
QA- QA when_conmpressive force is applied to contact plates 38 I Lg
‘el enent 60WAOY0%%ed of a less flexible material than that 0¥Cﬁ8§5§££5§‘
Suitable materials for stiffening el ement 60 include but are not- "I m [‘162804t0
pol yi m des, polyolefins, high-density pol yethyl enes, polyesters) nylons,

met al s or ratyrddigrsesnBitsughagr exaaiplaifoltowingt catbeacttsurgenasig Eye 10 also
characteristics. Stiffening el ement 60 may be fabricated using one or nore

| ayers of @Clc éé‘anscgftﬁ:‘é[‘axi (ﬁidﬂ_t@éét‘d’i/soén ﬁﬁ@&hanih@Rﬁé@péﬁS@sClﬁﬁédg@the

flexibilit aracteristrcs SCri herei n? Stiffening el enent may be

used in conjunctign w.th haptic ele s 40 d L] L. cases where
"t hi nner OGR! cores 2aie! B teriar sEicm ey andma et Pifele ARt iehe Pho
stability and flexibility characteristics. Suitable materials for the
product i olPptical AxissAA@Atin tine hemameyed@ is @enarally perpendicdar tamariaml e or
conpressible materials, such as silicone polyners, hydrocarbon and

f1 uor ocar bpcorEay 12 matursl derg ¢bandgetinaalB.yl i ¢ pol yners, pol yesters,

pol yam des, pol yurethane, silicone polynmers with hydrophilic nononmer units,

fluorine-cont ai ﬂiaél@?mifa'(ﬁé bgé@?ﬂ ifleHtiopT RSl @stEateerThi Figlree s tHrbagRof2 bdihe

preferred material fTor the production of 1OL 32 of the present invention is

1S P RIS ) IR R 12,
o1 AR S e RS e S8 PRS0 1,

refractive_index of approximtely 1.474, which is greater than that of the
aqueous hleB2ds designegdfor jmplantatiosspreierablnin IoNS£eARSHiS éﬁ&gﬁ patient's
desirable 12 WO 01/ 08607 PCT/ US00/ 19479 2 9 JAN 2004 feature in the
product i oeyelOlaficsistprefarghlytvailtgd. Jdvauviiof pppeoximatalyal.fitai2Q mmbupt i c
thickness. By using a material with a high refractive index, visual acuity
defi ci encpreerably 6 toot.7entresheasumag érontthvenplariebf oeterpeHphéral @dder-dsbR) i s
a desirable material in the production of 10O.s 32 due to its nechani-cal

strengt h, ot Sértibh F9Hd Ml Slah8 ofcbREECh pfates 38, deisatibednmuetaiidlelow, is
mani pul ati on.  Pol y( HEMAco- HOHEXMA) al so0 has desirabl e nmenory properties

sui tabl e %éﬂerbﬂ}sHﬁé’olﬁ.' %fﬁé?i@@dﬁ%@f&ﬁ% én 'FeriHeral SAESTE o BPtig00d

menory properti'es such as t (HEMA- co- HOHEXMA) unfold in a nore

controll r_J n r i : J r m ned
chape. | TR g BauR TSP on UL Biopedflh EEPISMSF hintic Biekiei8iath 368y
manuf actyred froma nmaterial_ haying good r roperties,al rovi de

[ mpr oved hasing 8n ioh 42u1 Slap R Slomens AQ are Rt RLlydDedraRe fua
Expl osi ve unfolding of |COLs is undesirable due to potentijal _ damage to

del i cat e with;and pefmanently sonsgetedrg|auterpedrkerabadgert af epfieert@nmthsi onal
stability in the eye, which is desirable. Al though the teachings of the

present ibyvattadhonerntr portions ddaMliterragiivielyeboweven fhiapdic ¢lemeats 40 ingayg beor ned of
a foldable or conpressible material, the sane nay al so be applied to

harder, |gehbbesioptie poiee 34 8y staRing chefmidalipolgmerizafion omatherimethodsh as
pol ynet hyl net hacryl ate (PMVA). having flexible haptics farmed either of the

sanme or %nGant%rtﬁage WRiRY iAthe G | EadPhbbfleffm@ht 48alsPintRidda a positive
powered lens fromO to
broadened contact plate 38 designed to preferably engage inner surfaces 50 in
lens capsule 24 of eye 10.
In accordance with the present invention, haptic elements 40 are designed

so that when IOL 32 is implanted in a patient's eye 10 and held in place through



approxi mately +40 diopters or a negative powered |ens fromO to

appr oxi mat éYéOVQQﬁoHi opters. Optic portion 34 may be bi convex, POVESMIeH v ex,
" pi ano-concave) 13 WD 011 08607 PCT/ US00/ 19479 2.9 JAN 2(~~, bi cod@avAN @o4
concave-convex (neniscus), dependi ng upon the power required to achieve the

appr opri at gomppddsie AitcPLEMEE Y inhbi Slifasss E0bneddritatepIhtd B8 bF Rgpti&Pt i C
po(rjblct?inoﬁél of the s]chbJ ect 1CL 32I may optionally be formedrvmth a. glare
appr oxi mac SRS 4R, FBBHE SIS 0 oo iflathntioFhidits 3 4R Bl S5 ok

outer peripheral edge 36 for, reduci ng, gl are when outer perjpheral edge 36
of 1oL 35 Sutagas S Theve 15n AcRrenahy hapar GepNisHd Aim OPSIGREAJP flex 1N her

times when pupil 58 is dilated. G are reduction zone 56 is typically

f abri cat egolane igemesaliyepenpeadicalards tbat ofcoptic portion34 oblAL IR2\arsbgenenally,
colored or patterned in a conventional manner to block or diffuse light in

pl ane w t iparaliéial thakbfositaPaxisoA-OAlof dye $6. m&uem?mﬁ?dmé t9pefef erably
lal O

manuf actured by first producing disks froma mater choi ce as '

descri bed g RiH:k:S. ‘ot -7, , '

herein in ﬂle{}'s&dé tqffai%?’ébgﬁ?@t%?\géﬁée%e@%ﬁ@ @3‘23 %rggaﬁgegg‘ éf%f_l{ %{ h?és‘fe?hen
be machi ned fromthe mater.i al .dis N, onvention nner... Once nmachi ned
or ot ded yE{SER Ve BasginBivafiai Yoo i ofi8VediBseY - LS BRA B kaged by a
conventional nethod known to those skilled in the art. Subject 1OL 32 is
used in efbanactgisic ebbapls elemants 400naximizes sxial dispiaceroapkef eptin
renmoving natural lens 16, inserting 1OL 32 in capsule 24 and closing the

i nci si on. ppoiors244dn a diceglicaaiang optical axis QA-OA oteye d0. Lbompcesaivrifarces

| ens suitable for use in lens capsule 24 of eye 10. 1COL 32 has haptic

el enent s -4Pdiffaring inagnitiudes withiretheotangesdfiapproXiatately0.dito S mN exerted
di spl acenent al ong optical axis OA 14 WO 01/ 08607 PCT/ US00/ 19479 2. g JAN

200 OA of agiimst Gohtirst plate s BBIDfiHAptIdBISMENtP40 ¢ bffeet approxirhstaly Hhwvatall
i magi ng wi thout the aid of eyeglasses. Wiile there is shown and descri bed

e ) et 1P R A58 90y 4 o el g B bt
oot SRR Yo ERRS i by B 5 v
more preferably more than approximately 1.5mm and most preferably more than
approximately 2.0 mm axial displacemeni of optic portion 34 along optical axis
OA-OA in an eye 10. The unique design of IOL 32 achieves significantly
maximized axial displacement of optic portion 34. The I0L 32 of the present
invention with its maximized axial displacement of optic portion 34 enables an
eye to achieve multifocal visual imaging when a v;/fde range of compressive
forces, potentially even greater than those described above, are applied to eye
10.

The flexibility characteristic of haptic elements 40 of I0L 32 as described

above is achieved through the unique design thereof. As best illustrated in



forns herein shown and described except insofar as indicated by the scope
‘of the appended clainms. 15 ' WD 01/0607 W claim PCT/ US00/ 194 % }ﬁN
2pp~ 1. An WOMR@A@ati ng i ntraocuiar lens to be inplanted mﬁtﬂ%ﬁuéw 3ye
general | y- perpendicular to the eye's optical axis conprising: an2@uuAN 2004
peri pheral edge defining an optic portion, and two, three or four haptic

el enent s pefERRENYOY. IOREE HaplicteleirentouDdormed witreflatibledgentraliporidns 62

conpressive Torce sufficient to effect a 1.0 nmin di aneter conpression of

mr ree | _ corpr
i spl nceneepenLi d bR pP AT AR PRIMBRERLY cofielBtl drperipheral

an.eye to achieve multifocal Vi | .J ing., 2., '

i nt rzlocul aﬁdg_én?ﬁ efoptie P%PH%@ZE%W@E%% Wn %H’é' %Anﬁeé‘g%?%g?@g@i‘ cular to
the eye's optical axis conprising: an outer peripheral edge defining an
optic” port impartimgdhe neressanefiexibilibuto theplQles ef enresepbinysrtaR. yiedRigect ed
to the outer peripheral edge, whereby a conpressive force sufficient to

effect a 1c8nial poHioheBR Rivecadimensiarmingilanaid6-46 geneeallyl parallel torapdicat
than approximately 1.5 nmm of axial displacenent of said optic portion al ong

neorhe. 180 B Y A5 R H EIAPEBLS S g agiahcanme b buvs
preferably less than the same in plane 48-48 generally perpendicular to optical
axis OA-OA as depicted in Figure 2, 9 and 11. Contact plate 38 is relatively flat
with either rounded edges 52 as depicted in Figure 7 to provide a smoother fit
with inner surfaces 50, or more defined, sharper edges 54 as depicted in Figure
6 to provide a barrier to prevent cellular migration and growth upon implantation
in lens capsule 24.

The subject 0L 32 is preferably manufactured to have an optic portion 34
approximately 4.5 to 9.0 mm, but preferably approximately 5.0 to 6.0 mm and
most preferably 5.5 mm in diameter and approximately 0.15 mm to 1.0 mm, but
preferably approximately 0.6 to 0.8 mm and most preferably 0.7 mm in thickness
at peripheral edge 36. Haptic elements 40 extend from the optic portion 34 of
IOL 32 in a generally rounded or oval configuration and will increase or decrease
in overall length depending upon the size of lens desired and the diameter of
optic portion 34, As the diameter of optic portion 34 increases, the overall length
of haptic elements 40 may bé decreased. Likewise, as the diameter of optic

portion 34 decreases, the overall length of haptic elements 40 may be increased.

However, as customary, the overall length of the haptic elements 40 are varied



3. An accormmdat i ng intraocular lens to be inplanted w Dhin an eye

general |y per cular to the eye's optical axis conpr|5|ng
“peri pheral %&E‘Zr} fining an optic portion, and two, three or ﬁg%zbé%??c
r

el enents pernanently connected to the outer peripheral edge, wh
conpressive force sufficient to effect a 1.0 nmin diameter conpression of
sai d | ens t¢ @shidve desigydkiDleB2isims ratipr txamwaeying 2h@ sinesaif aplicagportions 34.

di spl acenent of sald optic portion along the eye's optical axis to enable

an eye to éﬁgahgv A, B b'df H’;ﬁﬂic SlbmEAls wag iingstrated TH Figureriaostd Rirme o B

claim1, In the haptlc el enents and the optic portion are both

formed of a fol.da res t ns of
claim1l) 3P BFO)@WE &0 ﬁ tg% ge@%%ﬂqt@%”%&%&t%?l tgf@@ ?h from
the group consisting of sili cone drocar bon_and fl uorocar bon

pol yrer s, MestiPoglerab lygﬁnroam%tﬁlvf %@%@ﬁ%ﬂg%dﬂ?w@ﬂg frog 9%'%@§equa'

pol yur et hane silicone polyners with hydrophilic nononmer units,

f1 uori ne- distrcebetyveer geirinoraattacimentqrastionasd eoperipherabedgeris dorthe1 7
WO 01/ 08607 PCT/ US00/ 19479 2 9 JAN 2p04 6. The intraocular lens of claiml,

2 or 3 whgggfen &ebﬁté&rp%tbsaa‘ oy BBPed haplie elardenteed0 praferably have ahe
intraocular lens of claim1l) 2 or 3 wherein said lens is forned froma

hydr ogel ggﬁgfdﬁ'rgﬁ’mb&g dr%v%?c&ﬁfggfgﬁqrpé(s WeistBled FxPuré?s 17kd fpgocul ar

| ens of ¢ where ens 1s forned

| y( HEMA- HOH T
ol H 1 encai Qv ARIATSH NERERD #ARE é$$1é?é’a%ﬂveafegée§§‘ﬁﬁ-&oﬂpﬂdéﬁ.ﬁwﬁ@é’éﬂ*@“ S
10. The intraocular_ lens of clajml1, 3 wherein, sai (il 5eé1ts é% f or ned
from as fllustrated in Figures 2 and 9 are formed to be approximately (o]

but preferably approximately 3.4 to 5.0 mm and most preferably approximately
4.2 mm in length measuring from the middle of attachment portion 44 on

' peripheral edge 386, to the center of contact plate 38. Non-loopéd hapt'ic )
elements 40 preferably have a generally rounded or oval configuration as
illustrated in Figures 2 and 9 to provide a suitable stable fit within lens capsule 24
while allo@ing axial deflection under compressive forces. For purposes of the
present invention, the generally rounded or oval shap_e of looped and non-looped
haptic elements 40, i.e., the beam curve shape, relati\}e to the width to thickness
ratio., i.e., the aspect ratio, of haptic element 40 as gescribed herein is critical to
achieve suitable function. Flexible central portion 62 of haptic element 40 is
approximately 0.5 to 2.5 mm, but preferably approximately 1.0 to 2.0 mm and
most preferably 1.6 mmiin Ien.g;th; approximately 0.2 to1.0 mm, but preferably
approximately 0.3 to 0.7 mm and most preferably approximately 0.46 mm in

width in plane 48-48 and approximately 0.2 to 0.7 mm, but preferably

10



an acrylic material. 11. The intraocul ar | ens of claimi1, 2 or 3 wherein
said lens is formed froma silicone material. 12. The i ntraopgtasodi®ase of
‘claim1, 80148 Herein said haptic el ements are fornmed with gimﬁ@®® nin
a plane generally perpendicular to the eye's optical axis to be“grea

than or 'equal to a dinmension in a plane generally parallel to the eye's
optical agpprodifateWOD BltbAB6 GAAREDELSESEEDY approxgmalely 2043 M. inthigkness

i ntraocular lens of claiml1l, 2 or 3 wherein a glare reduction zone is

formed adjag He 48 _AdecountLt pgﬁgirﬂ@;@{,ﬁigrﬁﬁﬁfat@l& 0.B&obiremp Ut ppferdBly The

I nt raocul ar ns of clarm1, rein oné or nore of said haptic

el ements includes  a, siiffening el epent. havi | e | nding in
a pl ane g@RBFXXIMAtEL i\-|0|t8f£?6'%§r? gost B%fkg%fly'géﬁg&gﬁ{aaz& chg %P‘aﬁ‘g

general ly perﬁendi cular to the eye's optical axis. 15 The }nbraﬁoc E:r | ens
of clai m lengthpapprasimetsiy 00k tne5 men, dub reaferahlyi appreximately Pdn %é‘ | enent
formed froma material selected fromthe group consisting of polyim de,

pol yol ef i fm Erghrristgireferasly et eximately 3 amd inthigkness and apprestmately

manuf acturing the intraocular lens of claiml, 2 or 3 conprising: formng a

g{g ° Eogf O?o?rgéirﬁj?igcﬁxlﬁ@m@kerae%m@mnﬁmeg: g:aitd 1.2m8m asdmsasteprdfereblyl7. - A
. g the intraocular lens of claiml, 2 or 3 conprising:
mol ding saldedfhaedl FothlARGH™ €T al . -

As provided through the dimensions of |0L 32 above, looped and non-
looped haptic elements 40 are relatively thick in plane 48-48 at contact plate 38
through to attachment p_ortions 44 and optic portion 34, with flexible central
portions 62 preferably exhibiting a thinner dimension |n plane 46-46 than that of
the width in blane 48-48. Loopéd haptic elements 40 of the subject design tend
to resist deflection into closer proximity with outer peripheral edge 36 when a
compression force is exerted against cohtgct plates 38 to maximize axial
displacement along optical axis OA—OA.- When accommodating IOL 32 is used
as a refractive lens, a stable, reliable multifocal reffac;tive correction is provided.

The desired flexibility characteristic of haptici eiements 40 of I0OL 32 may
likewise be achieved or enhanced by incorporating a stiffening element 80, in the
shape of a wide, very thin ribbon, in one or more haptic elements 40, as
illustrated in Figure 8. Stiffening element 80 may be positioned in haptic element
40 so that wide or broad flat fa'r-;e 62 is oriented in a plane parallel to that of plane

48-48 so as to be thin axially in a plane parallel to that of plane 46-46. Stiffening

element 60 functions in a manner similar to that of an I-beam in construction to

11
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10%& () - Wmn?)thé Hasitedtstatiifity(and flexibility charactenstlcs

109%& () - #1098 ( 3"10%008&' () - T=dE! G' 109©% () -

L o R e o s

g?g& f i%iﬁ&f@%@%{‘ R%&g{%&é ?r\alt:e@als such as silicone polymers,

"109% & () - 100/ 0%
10g: 10%g& '°‘F"=l R‘% & 'g"‘(e)'g 9"‘1’89‘3'& gPftaciyiRRlymers, gos g () -
z 10%& ()-3 "10% & ] - /79 - <HXMbCY&L0%&' () -

polyesters polyamides, polyurethane, silicone polymers with hydrophilic

C
P

monomer units, fluorine-containing polysiloxane elastorners and combinations
thereof. The preferred material for the production of IOL 32 of the present
invention is a hydrogel made from 2-hydroxyethyl methacrylate (HEMA) and 6-
hydroxyhexyl methacrylate (HOHEXMA), i.e., poly(HEMA-co-HOHEXMA).
Poly(HEMA-co-HOHEXMA) is the preferred material for the manufacture of IOL
32 due to its equilibrium waten; content of approximately 18 percent by weight,
and high refractive index of approximately 1.474, which is greater than that of the

aqueous humor of the eye, i.e., 1.33. A high refractive index is a desirable
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g10% & () - Hd2aBnbCs610%& () - L310%& () S&Y" 10%&' () - fL@#lO%a& ( {_% ()-
@@ 109%& WO PUESEIDED @510% 0& ()- !, #y10%UGGE () - 10% 0&' () - %%‘? z‘
10 10S, ; 10% () - <4dE_@10% 0& () - 10% 0& ()-3"10% 0& () - 310% 0 Nr2004
10% o0& ()- "10% o0& ()- 4} dE_@ 310% 0& ()-nmP10% o0& ()- L "10% o& () :

10% o0& () (e S 90
- 109% o& (fkgiﬂ'e?/qgf/‘: ééq?‘?&'%ﬁ Eiig@L@ fo @ﬁart h%ﬁ% R ?@%l’ With 4 AinmeLm) of
LILIE3il =1 #1097 7& (g ! nl #1094 T 9
10' o: 10% Ep@tl(:)tfl: f@é% 2@& @§ing,g ma&r@zlv&ﬁ%g,ﬂ@l@w%ﬁnagé%ﬁu? acuity
10967&' () - F10907&' ()-G3 &Y109%4&' ()-Y
1099°& () - 'dedigjensissaay-hezorerted ysipgrthinngn OL: RelfkEMALOIHEXMA) is
1098& () - mLO%I& () - &$x$$% WHGME_=! 3410%& ()-1S 109d& ()-f/!10%& () - &
1099°& () - *d d6%iFablé material in the production of 10Ls 32 due to its mechanical strength,
(nt 109678 () - %-&H&I &JEKESE& & &h@ ! t #mLO%YY&! () -1 10%& () - Y3109 ()- 10T 10T
10T; 1090 & ek 1O &igatid tb§htHstand cBRbI@:rable physical manipulation. Poly(HEMA-
co-HOHEXMA) also has desirable memory properties suitable for IOL use. 10Ls
manufactured from a material possessing good memory properties such as those
of poly(HEMA-co-HOHEXMA) unfold in a more controlied manner in an eye,
rather than explosively, to its predetermined shape. The unique design of the
subject IOL 32 with haptic elements 40 manufactured from a material héving
good memory properties also provides improved control of haptic unfolding upon
insertion thereof in eye 10.  Explosive unfolding of IOLs is undesirable due to
potential damage to delicate tissues within the eye. Poly(HEMA-co-HOHEXMA)
also has dimensional stability in the eye, which is desirable.
Although the teachings of the present invention are preferably applied to
soft or foldable IOLs formed of a foldable or compressible material, the same
may also be applied to harder, less flexible lenses formed of a relatively rigid
material such as polymethylmethacrylate (PMMA).having flexible haptics formed
either of the same or a different material.
Optic portion 34 of 10L 32 can be a positive powered lens from O to

approximately +40 diopters 6r a negative powered lens from O to approximately

-30 diopters. Optic portion 34 may be biconvex, plano-convex, plano-concave,
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- =->- 2- dE: /WQ01A897 S10% () - 5! 10% ()- 310% ()- | 110% () PCT/US00/19479
F#109%& () - F#10%&' ()-2-@L-h--.Z..uVv7/ 103! 10%& ()- F3"10%& ()- ?)gz ) -
Y@ 109& ()-! n#10%H#& ()-10%&' ()- 10..L//2633dE7/ 103! F.s! 100&

9 9 0% 10%& 333 4$ %8 &4' 434xmyC
109850 AiE Bl sl ke 06 %wgsm PPV 7
8;9;dE:/ 10 10s:109%& ()-F "F'10%& ()-3 mlO%&

Y3" 109 ( )ae}agv&]}lg aggr@magq cgntralparbd aeagagla{/wckness for efficient handiing.

10, : 109%&' () - &S$" 10%&' ()-" 100& () - 100/&c())-'y#y100/& ()--LyloO/& () -
10eBf B BhBn Bz BBAptie pGtidh 34 bbthe subject IOL 32 may optionally be formed with a
& ()- lvgs#low& ()-M #f 109%&' ()-310%& ()-10%& { 10 10 10hDDDFFGGGIE~ @

10(10% & (glaff fedutfen Sonhk-5608# é&ﬁ%&irﬁéte%%"ﬁ%bb ‘mmiBiiokd préfBtably
approximately 0.3 to 0.6 mm and most preferably 0.5 mm in width adjacent outer
peripheral edge 36 for reducing glare when outer peripheral edge 36 of IOL 32 is
struck by light entering eye10 during high light or at. other times whan pupil 58 is
dilated. Glare reduction zone 56 is typically fabricated of the same material as
optic portion 34, b_ut may be opaque, colored or patterned in a conventional
manner to block or diffuse light in plane with optical axis OA-OA.

Subject IOL 32 may be molded or preferably manufactured by first
producing disks from a material of choice as described in U.S. Patent Nos.
5,217,491 and 5,326,506 each incorporated herein in its entirety by reference. If
disks are produced, IOL 32 is then be machined from the material disks in a
conventional manner. Once machined or rﬁolded, 1OL 32 may be polished,
cleaned, sterilized and packaged by a conventional method known to those
skilled in the art.

. Subject IOL 32 is used in eye 10 by creating an incision in cornea 12 and
capsule 24, removing natural lens 16, inserting IOL 32 in capsule 24 and closing
the incision.

IOL 32 of the present invention provides for an accommodating lens
suitable for use in lens capsule 24 of eye 10. 0L 32 has haptic elements 40 with

flexibility characteristics that maximize axial displacement along optical axis OA-
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NC of the present invention, it will be manifest to those skilled in the art that various

modifications may be made without departing from the spirit and scope of the
underlying inveﬁtive concept and that the same is not limited to the particular

forms herein shown and described except insofar as indicated by the scope of

the appended claims.
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generally perpendicular to the eye's optical axis comprising:
an outer peripheral edge defining an optic portion, and
two, three or four haptic elements permanently connected to the
outer peripheral edge,
whereby a compressive force sufficient to effect a 1.0 mm in diameter
compression of said lens results in greater than approximately 1.0 mm
of axial displacement of said optic portion along the eye’s optical axis

to enable an eye to achieve muiltifocal visual imaging.

2. An accommodating intraocular lens to be implanted within an eye
generally perpendicular to the eye's optical axis comprising:
an outer peripheral edge defining an optic portion, and
two, three or four haptic eleﬁents permanently connected to the

outer peripheral edge,

whereby a compressive force sufficient to effect a 1.0 mm in diameter
compression of said lens results in greater than approximately 1.5 mm
of axial displacement of said optic portion along the eye's optical axis

to enable an eye to achieve multifocal visual imaging.
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3. An accommodating intraocular lens to be implanted within an eye
generally perpendicular to the eye's optical axis comprising:
an outer peripheral edge defining an optic portion, and
two, three or four haptic elements permanently connected to the
outer peripheral edge,
whereby a compressive force sufficient fo effect a 1.0 mm in diameter
compression of said lens results in greater than approximately 2.0 mm
of axial displacement of said optic portion along the eye’s optical axis

to enable an eye to achieve multifocal visual imaging.

4. The intraocular lens of claim 1, 2 or 3 wherein the haptic elements and
the optic portion are both formed of a foldable or cdmpressible

material.

5. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from
a material selected from the group consisting of silicone polymers,
hydrocarbon and fluorocarbon polymers, ﬁydrogels, soft acrylic
polymers, polyester, polyamides, polyurethane, silicone polymers with
hydrophilic monomer units, fluorine-containing polysiloxane elastomers

and combinations thereof.
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6. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

a hydrogel material.

7. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

a hydrogel material which is 18 percent by weight water.

8. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

poly(HEMA-co-HOHEXMA).

9. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

a material having a refractive index above 1.33.

10. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

an acrylic material.

11. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from

a silicone material.

12. The intraocular lens of claim 1, 2 or 3 wherein said haptic elements
are formed with a dimension in a plane generally perpendicular to the

eye's optical axis to be greater than or equal to a dimension in a plane

generally parallel to the eye's optical axis.
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14. The intraocular lens of claim 1, 2 or 3 wherein one or more of said
haptic elements includes a stiffening element having less resistance to
bending ina plane generally parallel to an eye's optical axis than in a

plane generally perpendicular to the eye's optical axis.

15. The intraocular lens of claim 1, 2 or 3 wherein the haptic element
includes a stiffening element formed from a material selected from the
group consisting of polyimide, polyolefin, high-density polyester, nylon

and metal.

16. A method of manufacturing the intraocular lens of claim 1, 2 or 3
comprising:
forming a disk of a suitable material, and '

machining said lens from said disk.
17. A method of manufacturing the intraocular lens of claim 1, 2 or 3

comprising:

molding said lens of a suitable material.
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