WD 98/ 56315

PCT/ US98/ 12259 | NTRACCULAR LENS 5 TECHNI CAL FI ELD This invention relates to
i ntraocwadgdesizses ("1 OL"), and nore particularly to | OLaiesswgnerss
primarily for refractive correction in phakic eyes where the natural |ens
10 remains'intact, although IO.s made in pgccordance with the invention nmay
al so be used in aphakic eyes where the natural lens is renoved as a result
of a cataract. BACKGROUND ART 15 Vi sual acuity deficiencies such as
nyopi a (nearsi ghtedness) and hyperopia (farsightedness) are typically
corrected with use of refractive |l enses such as spectacl es or contact

| enses. Al though these types of | L¥e in correcting a
wearer's eyesight, nmany wearers cgﬁéﬁg%ﬁtﬁﬂggéﬁﬁ@g%venient because t hey
have to be |ocated, worn at certain tinmes, renoved periodically and can be
| ost or i splaced. They can 20 al so be dangerous or cunbersone if the
wear er part i TEQHNICALNFIEMDY ts activities or suffers inpact to the eye. The
use of ICLs as a pernmanent form of refractive correction has been gaining
popul arity. I OLs have been used for years in aphakic eyes as a repl acenent
for the natural St je infehl o ] S a
result of a cat aroiz;%l? Hﬂfb&l&?ﬁ%ﬁgﬁaﬁpggbgﬁﬂﬁggﬂg@ :}g%g)lggt}rﬁ ag{é@gﬁ ped and
proved to belCisaizeighédprithaily fédrefrattive comectiph bkphakiz)eyss whtre Yheahtialrlehsy

i nclude an optic portion and supports, called haptics, connected to and

sur r oundiOng memainsartactpaithougls IQLsanagdetin acqsetapsowith theinvenppwmay alfobaasedol i n
the eye in eithgr.the a ter}or R#gﬂosterior ghanber kCLs haYe been nade
froma vari elwp ?klfjle%??o SAY hSIng &P 15 FdmoNs ﬁéfﬁ&su&? 2@ he so-cal | ed
rigid materials such as pol ynet hyl net hacrylate (PMVA) to the so-called soft
materials that can be fol ded or conpressed such as silicones, certain
acrylics, andARKGROQEND ARAbti cs have been forned separately fromthe optic

portion and connected through processes such as heat or physical staking
and chem cal SUBSTI TUTE SHEET (RULE 26)

15 Visual acuity deficiencies such as myopia (nearsightedness) and hyperopia

(farsightedness) are typically corrected with use of refractive lenses such as spectacles
or contact lenses. Although these types of lenses are effective in correcting a wearer's
eyesight, many wearers consider them inconvenient because they have to be located,
worn at certain times, removed periodically and can be lost or misplaced. They can

20  also be dangerous or cumbersome if the wearer participates in sports activities or
suffers impact to the eye.

The use of IOLs as a permanent form of refractive correction has been gaining
popularity. IOLs have been used for years in aphakic eyes as a replacement for the
;1atural crystalline lens of the eye which has been removed as a result of a cataract.

25  Many different designs have been developed and proved to be successful for IOLs
used in aphakic eyes. They primarily include an optic portion and supports, called
haptics, connected to and surrounding at least part of the optic portion, for supporting
the TOL in the eye in either the anterior or posterior chamber.

IOLs have been made from a variety of biocompatible materials, ranging

30 from the so-called rigid materials such as polymethylmethacrylate (PMMA) to the
so-called soft materials that can be folded or compressed such as silicones, certain
acrylics, and hydrogels. Haptics have been formed separately from the optic portion

and connected through processes such as heat or physical staking and chemical
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PCT/ US98/ 12259 -2- bondi ng. They have al so been forned as an integral part

of the opjdegdeeistion in the so-called single piece | Os. $efitudeshdshave
gai ned popul arity because they can be conpressed, folded, rolled or

ot herwi se defornmed and inserted through aqi_ncision in the cornea that is 5
much smal | er than necessary for the rigid |I“enses which nust be inserted
through an incision slightly larger than the dianeter of the optic portion.

hape bocaus@oBrg dhe s HEFBEaTDished ENRGRpAFHrPOORe oRlc BRtondl bff,Cn

i npl ant ed, bablcafied tinglethi¢dedOlls! OLs are subject to conpressive forces 10
exerted on their outer ends, which typically occur when the individual

squi nts or rubs hiSpfblOhehavegeined pepelanyrhacaussithey qapbecompassseds Selded,i n
decentration 0 he ti.c d di.sstqr.tion.af the visual . e because the
conpressi ve ferffiegr ?tgﬁlaﬂfeo eg%eél af‘:aéﬂsselrtg?%gﬂ%m ?ﬂ)\?&ﬁb%mgﬁ%ﬁﬁn?% 2Bt cal
axi s. Movenenbydlsridlies tinmR6dssRP f6rqHE fgiaases Whkth!dst be ikeRéPhtogRGndamage
the delicate coneal endothelial layer. Also, 15 because 1 OLs of current

desi gns, whetihesioh shighely larfgerstbért the diameggref theetoptic pbiont &ientimphiefeddctheal ong
the optical axis_when ge haptics are ﬁqrrpr,essiad’,Efl I C% manuf acturers have
had to provi (féfeaﬂ\e%ﬁ%‘[‘ gnsey them qpgnytp thetp origmal shapg becayse f|the mppmenyn s
eye to mnim | 1hi s nmovenent and thus provide nore
certain refra%%a%%ﬁgg%ﬁgg%%rﬁél%nm' Because of these shortcom ngs in
| OL designs, ther ewhen émplasidd,fboth sofi@idirigid U05s ge stbiait toctmpiessise forces
transl ati onal novenent of the optic portion along the optical axis when

conpr essilfe fexptedkomibeir ouier ends, whish Apically eceynvben hgdadividual sauints e rubs.
DI SCLOSURE Ok .THE | NVE 25 An.intraocul ar len .. accordance
with the i nvebiﬁ o erﬁﬁ%"\ihegglﬁ?ﬁnereg%{r’%?%%%\ﬁg? es‘éir%%bu?cgrl%%)rn F"Bﬁfg"? %Qlce%’ée and

at |east two diabtion 6f €HEeMssall DhagdUbRAhid AR tHBpRRivE fHekd tad td) cause
patient's eye and is formed of a fol dable or conpressible material. Each

hapti c el enerftanslational mewenrenpelong the eptitahaxig0Movement incthis direction keuldnner
D0r T on Dol g Soeth Pl Ll BULeL PR Pkl Sl ol 9pL] SuBgr 1 o0
15  because IOLs of current designs, whether formed of soft or rigid materials, tend to
deflect along the optical axis when the haptics are compressed, IOL manufacturers
have had to provide a range of sizes to fit the IOL to a particular patient's eye to
minimize the potential for this movement and thus provide more certain refractive
coErection.
20 7 Because of these shortcomings in IOL designs, there is a need for a haptic

design that minimizes translational movement of the optic portion along the optical

axis when compressive forces are exerted against the outer ends of the haptics.

DISCLOSURE OF THE INVENTION

25
An intraocular lens (IOL) made in accordance with the invention has
an optic portion with an outer peripheral edge and at least two haptic elements
for éupporting the optic portion in a patient's eye and is formed of a foldable
or compressible material. Each haptic element has an inner portion and an
30  outer end with the inner portion being connected to the outer peripheral edge

of the optic portion. Each haptic element includes at least one footplate on the
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PCT/ US98/ 12259 -3 - outer end and a central portion that extends between

t he footywhagsszgn)d the inner portion. The footplates are dest@ledhke engage
an inner surface of the patient's eye. The haptic el ements have greater
resistance to bending in a plane 5 generglly parallel to the optical axis
of the eye than in a plane generally perpendicular to the optical axis. By
provi ding haptic elenents with this type of flexibility characteristic, the
i nventive | Qyt&andahd a 8% phrith iHaebaBds Befin %efoﬁ@a%mdfth@ﬁmag of the
haptic el enents relative to the optic portion, w thout causing unacceptabl e
t ransl| at i onagportimu eTtenfootplatéstaze dysigned poergagaarainaaguifbes dfthe patighf'scal axi s
when conpressive forces are exerted against the haptic elenents. BRI EF
DESCRI PTI ON ®¥€- DRAW NGS The invention can be better understood when the

detail ed descri pt4 . |.ent s L faorth,belowis

considered in con'Jj:‘}(lge'nn%:1 |§nel§m&te§t§?ﬁgé %%aé%?égg%ﬂ%w{ong%%%r%lmipéﬂ".e FIGURE 1 is
a schematsi ¢ %dﬁﬁfaﬁ?%ﬁrﬂldl Q8 t8d obptikdl iaRisesf Be 3t thAif ihdPiheeYdherdljat incl udes
the natural Tens and a refractive 10OL inplanted in the anteriof chanber; 20

FI GURE 2 i s perpasgioplazito theontienl axis. Bolprovidingihapticelements withwhis ypehe
i nvention; FI .3 1s a dinensional .end view of the LO. of Fig. 2; FIGRE
4 is a di mr&f?{%ﬁm%cﬁgagﬁwcbtﬁe F}ngl“fﬁ_%&fcap}% _eyeg;o?'gg{'erent s1zes é‘iﬂl GURE 5 is a

partial sid ' | Vil 3 (Gl ] A t ptic
el enents an 0fSt ggtﬂﬁ g’?eo%?lg\t’%gﬁ? g_&%g?] &Fflegl.hgg tﬁg ct)%{:?%tgdqg?rgtﬁg’ ?ﬁg&gi te line 5-5
of Fig. 2; FaGhiRE ufiacceptabledtranplationalineevenfentnof thetoptio pogtionCGllomg@te i n

accordance with the ipvention;. . i
optical ax1s when compressive forces are exerted against the haptic elements.

BRIEF DESCRIPTION OF DRAWINGS

The invention can be better understood when the detailed description
15  of exemplary embodiments set forth below is considered in conjunction with
the appended drawings, in which:

FIGURE 1 is a schematic representation of the interior of the human
eye, that includes the natural lens and a refractive IOL implanted in the anterior
chamber;

20 ! ; FIGURE 2 is a top plan view of an IOL made in accordance with the
invention;

FIGURE 3 is a dimensional end view of the IOL of Fig. 2;
FIGURE 4 is a dimensional side view of the IOL of Fig. 2;

25 FIGURE 5 is a partial side sectional view of the optic portion, one of
the haptic elements and footplate of the IOL of Fig. 2 looking along the site
line 5-5 of Fig. 2;
FIGURE 6 is a top plan view of an alternate IOL made in accordance
with the invention;
30 FIGURE 7 is a dimensional end view of the IOL of Fig. 6;
FIGURE 8 is a dimensional side view of the IOL of Fig. 6;
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30 FIGURE 7 is a dinensional end view of the IOL of Fig. 6; FlIGURE
8 is a dinensional side view of the 1OL of Fig. 6; SUBSTI TUTE SHEET ( RULE
26) VO D 6/358131 5 _ _ _ _ PCT/US98/12259
PCT/ US98/ 12259 -4- FIGURE 9 is a partial side sectional view of the optic
portion and one of the haptic elenments of _t4h_e | OL of Fig. 6 |ooking al ong
the site line 9-9 of Fig. 6; FIGURE 10 is a top plan view of an alternate
| OL made in accordance 5 wth the invention; FIGURE 11 is a di nensional
end view of the | QqyRIRE O . I ' ' . S vi ew of the
IOL of Fig. 10; SIS %@‘%‘éﬁﬁp%éaﬁn‘&@} g‘%ﬁ&%&%@@%%ﬁé’ﬁf and
footpl ate wi tdf temhapticedichechtsof the 0L g Fég. éntecking alofg L site line 9-9FGURE 14 i s
a side sectiqpal_ view of the haptic elenent and footplate of Fig. 13. BEST
MODES FOR CA I%G QUT THE | NVENTI ON AND | NDUSTRI AL APPLI CABI LI TY 15

Fig. 1 illustrat ' b fi ' f 10 show | andmar k
S![ ?uct ulr esufelr gv:n%tlét 0 eisialtg gﬁ#g?e{“gﬁf%*dtgﬁa{%ﬁ?)}% lg\tgnc"fnogﬁi?g‘%gf rrﬂ]e

present i Bvertitipthe idveatiey:e 10 i ncl udes an optically clear cornea 12 and an
iris 14. A natural_crystalline lens 16 and a retina 18 are |ocated behind
the iris 14. The &}& 3l s dimehsideal end viewt efithoIOkL bAFRiped06 | ocated in

front of 20 the 4,k 4.and a posterior ch 8 | ocated between the
iris 14 and the ngltlé:!‘%‘éi%ﬁ ’T@?gﬂ?is’fi@’?“b?faﬁg&pﬁg%tmi nvention are
referably inplan j I-Qf; : ref tive errors
p y inpl antgGURE 18 ABh ‘gla:nﬁﬁ%\f Iaﬁgﬁ%%%a léﬂexﬁ%{i ?cgog?lafé \?ﬁ’f

when the natural lens 16 remain ace IC app on). 1 0OLs of the
present i nventicoweddsd siiffeningeelément;pamided i n t he posterior chanber 8, and nmay

be used | p aphaki es as a replacenent for a natural lens 16 in
cat ar act llQur ger y. %—}ﬁg}]{gy@@@ s1ade sectlongl view of the haptic element and footplate
of Fig. 13.
BEST MODES FOR CARRYING OUT THE INVENTION AND

INDUSTRIAL APPLICABILITY

15 Fig. 1 illustrates a simplified diagram of an eye 10 showing
landmark structures relevant to the implantation of an intraocular lens of the
present invention. The eye 10 includes an optically clear cornea 12 and an
iris 14. A natural crystalline lens 16 and a retina 18 are located behind the
in"s 14. The eye 10 also includes an anterior chamber 6 located in front of

20 thc; iris 14 and a posterior chamber 8 located between the iris 14 and the
natural lens 16. The IOLs of the present invention are preferably implanted
in the anterior chamber 6 to correct refractive errors when the natural lens
16 remains in place (phakic application). IOLs of the present invention may
also be implanted in the posterior chamber 8, and may be used in aphakic

25  eyes as areplacement for a natural lens 16 in cataract surgery. The eye 10
also includes an optical axis OA-OA which is an imaginary line that passes
through the optical centers of both surfaces of any lens, and in the human
eyé is generally perpendicular to the conea 12, the natural lens 16 and the
retina 18 of the eye 10.

30 The IOL of the present invention is designed with flexibility

| characteristics that cause the supports or haptic elements to move toward the
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al so includes an optical axis OA-QA which is an imaginary |ine that passes
through the optical centers of both surfaces of any lens, and in the human
eye is goREégMesis perpendicular to the cornea 12, the naturpdT/Us93a21% and
the retina 18 of the eye 10. 30 The 1COL of the present invention
is designed with flexibility characteristicg that cause the supports or
haptic el enments to nove toward the SUBSTI TUTE SHEET ( RULE 26) WO

98/ 56315 PCT/ US98/ 12259
-5- optic port] | r : | Rt er ends,
W h i i el R e e B A o e o
preventing deggfimer triglatibnil meovielent albmsg the bptical atis QA Odnfor praventmgeal

endot helial touch. These flexibility characteristics al so.pernit one or
several st anddacantedng of thedOlLs distertion o fyisigny apd compel %@P@ghﬁéwm eyes of

t sizes. i diir i ver.sal as. ' i<k of
T ant g anTht Aoy BB MEHARS olIRER Bhe bikederl Rindabd enl 4285 O |
pati ent b%CauéieedEHBétﬁ% kS 1bE ShitdMORIr&yEs of Mot SesPUBY bro¥idihi aaivesal cor neal

endot hel i al danmage dand poor fixation are elimnated. Al so, the need to nmake
| OLs of many khgsofithis tymes thegiskl of iinplaatingian anprppansizedolens pvedtasdy costs are
reduced. An I CL. made in accordance with the subject,.jnventjon is, nore
forgiving frowhighds &@egelﬁmotﬁﬁmﬂe@we&ﬁwe% fi’&#ﬁﬁ%‘f’h’lﬁ“&gﬁ% B[RWE time by
not having to . ' : m ; cific size
| OL for each %‘?%%g%%ri;g%%afgrgdﬁgwl‘taﬁg%?%ient ﬁ%‘v%%ﬁ)gﬁir?ghmfﬁabl y

appl i ed to softsoPthefledadhtakd JOLs OF manyisizeh faxreac stylesid elifnimatédbanthbl e or

conpressible material, it can also be used in conjunct i,g{l with, the
so- cal | edlthar mvertaneeoskniretediesd St TQL seadeiip pecardance Wikt the sublest i vel y

rigid material such .as_ polynet hy, r . @tﬂ%@g xi bl e
haptics eit he}nvf:%h%lﬁnb ek‘%%“%r’gféélﬁgglﬁﬁé’ﬂé‘?mé‘g%' or ﬂo%igfem
(".nul tipl e- pi gRRs tifleSby ndtBiafinigato mésbure the pafient8@ypekirbeartang seletta mat eri al
of the lens of the préesent invention is a

specific size IOL for each procedure.

Although the present invention is preferably applied to soft or foldable

15 10Ls, which are formed of a foldable or compressible material, it can also be
used in conjunction with the so-called hard lenses which have optic portions
formed of a relatively rigid material such as polymethylmethacrylate (PMMA)
and have flexible haptics either formed of the same ("single-piece IOLs") or
different ("multiple-piece IOLs") material.

20 ’ ; The preferable soft material of the lens of the present invention is a
hydrogel known as hefilcon A, which has a high water content and refractive
index greater than the aqueous humor of the eye (+1.33), a feature that is
desirable to impart optical power for use as a refractive lens. This material also
has the mechanical strength to withstand physical manipulation during

25  implantation and good memory properties so that the IOL can unfold in the eye
into a predetermined shape and have dimensional stability in the eye.
However, other suitable foldable or compressible materials, such as silicone
pol.ymcrs, hydrocarbon and fluorocarbon polymers, other hydrogels, soft
acrylic polymers, polyesters, polyamides, polyurethane, silicone polymers with

30  hydrophilic monomer units, fluorine-containing polysiloxane elastomers and

combinations thereof could also be used.
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hydrogel known as hefilcon A which has a high water content and refractive
I ndex greater than the aqueous hunor of the eye (+1.33), a feature that is
desi r abl\otogsézgpart optical power for use as a refractiveptemses/ibhss
material al so has the mechanical strength to w thstand physical

mani pul ation during 25 inplantation and good nenory properties so that the
| OL can unfold in the eye into a predeternm ned shape and have di nensi onal
stability in the eye. However, other suitable foldable or conpressible
materials, such aWIﬁh'ds@@'ﬁ?aH@fri’d’fﬁr‘é%cné?%Qﬂ?cré?&ﬂoﬁ“agnfolelé RafVePon

pol ymers, other hydrogels, soft acrylic polymers, polyesters, polyam des,
pol yur et hanepovedréd kennfromd] ty mpproximatdiy 320 diopterks apindgativerpomeradrlensni t s,

fluori ne-containi ng polysil oxane el astoners and conbi nations thereof could
al so be usedfrOISUBS’I'PHRB‘?"En@FﬁETZS( ﬁ?@EE’rSZGSFhC optjOPortion 31 He biconvex,

PCT] US98/ 1223805 <Bivel b BcRR HLSLEACH VSl 803 onkie (SBLLG 0T T on can

be a positive powere ens om0 T0 appr oximately - ers, or a

negat i ve spovgdpRading poh tREpOwéCreg b0 B@HiSlelthe dpprdpaat Qefitral T Opti C
portion can be biconvex, plano-convex, plano-concave, biconcave or

concave- convestiphatah thickneys fos effictbmpbandiling. upon t he power required to achieve
the appropriate c ntrrz%lk3 nd perjpheral .thickness for efficient handling.
One enbodi ment of 8??18 P@%ﬁ€°ffth€gﬁ?§?%+f1‘ﬁ°§h%lé\ﬁﬁ°| “'Iilfeléi’.z'éy‘%eﬁﬁhere an | OL,
i denti fied by, y6f eidRfed BYeERtentd nubierdlSfU, 9985k foRMbdntitioan pref erably
in the anter%hor chad;eger ofygepa%ierlllt' sreye.’_ Theméxg_ 20 has an ooptic 10
portion 22 wpreferauly outhe anteson ghlambert ofedsptiets. eye.nThdIGL 2drhadameptic, f our

separate haptic elenments 26, each having an_inner portion 28 and an outer
end 30, ¥te RUHMRE? @ferhtanpmfaﬂertn%eﬂar eqgqrér s qrahodiments fgus separgist er

peri pher al [ tl G Or 1] : | I 26 al so
I ncl udes a E}gﬁqﬁf %@e&? {}ﬁgf ﬁteg(?‘o}é)at b@a#el@%,&ﬁ%@%@édéﬁe%dﬁ ?’3 gxtr?gage t he
i nner sur f acenaéctédiratiph their iahgpottivas 28 to the vadestriphéal edgpd43@theThe haptics

may be integrally formed with the optic or ) ,
optic portion 22. Each haptic element 26 also includes a relatively flat

footplate 32, that is designed to engage the inmer surface of ‘he eye through the
15 rounded outer end 30. The haptics may be integrally formed with the optic or
the haptics may be attached by staking, chemical polymerization or other
known methods.
The optic portion 22 can be formed with a glare reduction zone 34
adjacent to the outer peripheral edge 24 for reducing glare where the edge of
20 the’ lens is struck by light entering the pupil or during high light or at other
times when the pupil is dilated. The glare reduction zone 34 is typically
fabricated of the same material as the optic portion 22, but may be opaque,
colored or patterned to block or diffuse light in the optical plane.
In accordance with the invention, the haptic elements 26 are designed
25  so that when the IOL 20 is implanted in a patient's eye and held in place
through compressive forces exerted on the outer ends 30 of the haptic elements
26, the haptic elements 26 will flex in a plane 36-36 (Fig. 4) in the direction of
arrows A (Fig. 2), generally perpendicular to an optical axis OA-OA of the
IOL 20. By designing this type of flexibility characteristic into the haptic
30 elements 26, an IOL 20 of one or several standard sizes will be suitable for

most sizes of patient's eyes because little, if any, translational movement of the
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the haptics may be attached by staking, chem cal polynerization or other
known nethods. The optic portion 22 can be fornmed with a glare reduction
zone 34 @,@ﬁ%ﬂg to the outer peripheral edge 24 for redurcorgugazasswhere

t he edge of the lens is struck by light entering the pupil or during
high light or at other times when the pupik_is dilated. The glare reduction
zone 34 is typically fabricated of the sane material as the optic portion
22, but may be opaque, colored or patterned to block or diffuse light in

t he opti cal . r ' j tth®@bptidahgxibaX-0A el enents 26
are desi gned%%%lgrﬁcﬁ‘gﬁﬂ\%hq%r%eﬁ%\g%ﬂaﬂgga?@%*aﬁ% ed in a patient's eye
and hel d in phas eompressigh farosgofatifferent hagminses (e, tas dased tiyeeyesiofr ends 30
of the haptic elements 26, the haptic el ements 26 will. fi?ex in_a plane
36-36 (Fig. different siges)are eertpdasayist deoyies ends36 (é.th%a,pugs 8?&?5%

per pendi cul ar, tQ an opti cal i - I deshghi ng this
type of flexiﬂq%?ﬁe%ﬁﬁpgg}eééﬁgﬁ ?S%e%%g{cﬁéﬁﬁﬁpﬂ%&ggrgggl erreﬁ{t%s 26, an | OL
20 of ones or ;S ERdcibn SSfhdadodneal 288othélhim Hrors Wohrabl By fthe IODSwhen zes of
patient's eyes because little, if any, translational novenent of the

SUBSTI TUTE Stiahiiressivit foress)are appliei gsths63a because the JOL will not move into

PCT/ US98/ 12259 - 7- tg% 20, will occur in a direction generally parallel to
the optical SFEACHAL SuRRso HPBr essive forces of different magnitudes
(i.e., as caused : : ' :8it.ashe Vel & &¥6hl Gfferafivivs the outer
ends 30 of the hag?xfs?e érgrt&r?gélfaétgﬁﬁ%rfot her eenefit of the Ia_gﬁsdesi gned in
accordance WIhhOUD® shoeadnFigs 2vs; tid laptidelemiests A6 atecfotmestwish a céndrat or neal

endot hel ium from contact by the | OL when conpressi ve%jjorc s are applied to
the eye b@capewion38 admcenijtp thenptic partion;2e; epnfralnartien 3§\pasp ‘ﬁﬁ@n%ﬂr&lot hel i um

In 1oL 20 shoubrime e ClesipusRlie o AEBpRR P DGR AL NS, 1 s
central 10  PQfidai Ror3Feaey B6LAUirhensidiEinald pland42-82 QRig22) (geaerkllpl portion

38 has a di nension ) .. .
perpendicular to the optical axis OA-OA). A transition portion 44, of a

decreasing size in the dimension 40-40, extends from the central portion 38 to
15  the footplate 32. The footplates 32 are relatively flat (see Figs. 3, 4).
Typical dimensions for an IOL of this style include generally: a 5.5
mm diameter optic portion 22 that is about 0.7 mm thick at the peripheral edge
24; haptic portions 26 that are about 3.5 mm long from their inner portion 28
to the outer end 30; a central portion 38 that is about 1.5 mm long, about 0.7
20 mm thick in the plane 40-40 and about 0.7 mm wide in the plane 42-42; a
transitional portion that is about 0.5 mm long; and a footplate 32 that is about
30 mm wide, about 2.0 mm long and about 0.3 mm thick.
Thus, the haptic elements 26 gradually change from being relatively
thin (in the plane 40-40) at the footplates 32, to being relatively thick at the
25  connection of the inner portion 28 and the optic portion 22, with the central
portion 38 in this design being generally equal in the plane 40-40 and in the
plane 42-42. Haptic elements with this shape in the direction of arrows A in
Fig."?., will tend to flex toward the optic portion 22 when a compression force
is exerted against the outer ends 30, with a minimal translational motion along
30 the optical axis OA-OA. When the IOL 20 is used as a refractive lens, a stable,

reliable refractive correction is provided.
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in the plane 40-40 (generally parallel to the optical axis OA-CA (Fig. 4)),
that is equal to or greater than a dinension in the plane 42-42 (Fig. 3)

(gener al @gdgggggndl cular to the optical axis OA-OA). A trpagidsh9i2gortion
44, of a decreasing size in the dinmension 40-40, extends fromthe central

portlon 38 to 15 the footplate 32. The fogtpl ates 32 are relatively flat
(see Figs. 3, 4). Typical dinensions for |CL of this style include
generally: a 5.5 mmdianeter optic portion 22 that is about 0.7 nmthick at

the peripheral ed%o@% 6@?%%9&‘&15 &gd%;g W‘tﬁtth@x@ rﬁ%&ﬂ%sﬁo@ngﬁ‘ long from

their inner portion outer en a cen portion that is

about 1.5 nMFigang9, where twdhaptic @lemenmi 26/l 22k pionided on pheside dfthdOptind about 0.7
mm wi de in the plane 42-42; a transitional portion that is about 0.5 mMm
long: and a fwbeps Aepticelement 26 és Aryidedzom thenethprdude. o ddgt flexililitym | ong and

b 0.3 h k h 2 f
berng rel at  AREETSE o he RE BRI Brriidr o i ERLAGA B e B, D0t g
relatively tBés%hbé’& aﬁaﬁe f8P IOL 20N "Rigieh®Bf QftrantiBioh PofonP4Y, thoBaft and the

optic portion 22, with the central portion 38 in'this désign being
general l'y eqalainenm 26heved gmatertbickiesainthe plahd42-42 thap inde plane HAE0I ¢ el enent s

th thi h t.he dj ti f A tend to fl
}tMovvard !t?lesoz;fﬁe@l"g@rlflﬁ’éﬁ{"rﬁgg I n b %‘5{%%@5§q08?|’12t1“§)$£5raﬁ§algxlé‘ﬂeé%naga?nstei(he
outer ends 3 %%&&%’Bﬂtaeﬁ&?% ?otm%é’x{t)f-a’i’g{afu‘aﬂ 33! Qﬂﬂt}?écenﬁr opt i cal
en t

axis OA- QA used as a re ctive 1ens

reliable ref pétiohy 88 having a twidth that 1960w indell greleBiametdr thabtthedt The ﬁiULE 26)
WD 98/ 56315 , , PCT/ US98/ 12259
-8 - Another thecn_mzdﬂ-%%és shapealiasysdhe heptigielaments2 680 disk tenardthe shown i n

glp'?;sc gng O\I',]\Aé g?g}?evﬁ}&ﬁ %%Zﬁggg rovésg%?ﬁ rFe %n e#e of the

flexibility gﬁ@ﬁ@@ﬁ@@d@tdngsg@ the OL 20A is provided for |n a different

way than that 5 descri bed above for 10L 20. Instead of a transition
portion 44, the héppthsr embodiment of the inventive lens, IOL 20B, is shown in Figs.

10-12. The IOL 20B has two haptic elements 26B with a pair of footplates
15  32B formed at the outer end of each haptic element 26B. Altematively, a pair
of footplates 32B can be formed on only one haptic element 26B with the
opposing side of the optic portion 28 having a haptic element of another
suitable design.
IOL 20B also includes an inner portion 28 and an outer end 30. The
20 hap'tic.:elements 26B are connected through thin inner portions 28 to the outer
peripheral edge 24 of the optic portion 22. The footplates 32B are designed to
engage the inner surface of the eye, through the rounded outer end 30.
As in IOL 20, the haptic elements 26B are designed so that when JIOL
20B is implanted in a patient's eye and held in place through compressive
25  forces exerted on the outer ends 30 of the haptic elements 26B, the haptic
elements 26B will flex in a plane 36-36 (Fig. 12) in the direction of arrows C
(Fig. 10) generally perpendicular to an optical axis OA-OA of the IOL 20B.
'. The flexibility characteristics of the IOL 20B is achieved by the haptic
elements 26B being formed with the central portion 38 having a dimension in
30 the plane 40-40 (generally parallel to the optical axis OA-OA (Fig. 12)), that

is equal to or greater than a dimension in the plane 42-42 (generally
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el ements 26 have a greater thickness in the plane 42-42 than in the plane
40-40. As shown in particular in Figs. 8 and 9, the footplates 32 gradually
I ncr easew0ns/Adstskness fromthe outer ends 30 to the centratcTmses/ing 38,
with the central portions 38 having a width that is of a nuch greater
diameter than that the in 10 the plane 4@ 40. This shape allows the haptic
elenments 26B to flex toward the optic portion, as shown by arrows Bin Fig
6, as a conpressive force is exerted agai nst the outer ends 30. Another

enmbodi ment  gfergendiculiy & tHewpticaingis) (19gs. 2QFndi Q?.Sh%sitibnﬁkﬁﬁon 49-12. The 1QL
20B has two haptic elements 26B wth a pair of footplates 15 32B forned
at t he out eroferfigcrspsing sige fntheidimensioretl-40.8®tends fromrthe centta) poiopai r  of

f oot pl at es an. be.forned.o nl hapt i nt .26B_with the

opposi ng si 3@%&%%@“6%9&%@?%138? %’@)% ﬁgmkgﬁmeé?léw%ﬁf anot her

sui tabl e desga. 11 4ld R9BHapHeIbMEA AR 19 shaBD Hill Rl PBx an outer end
30. The 20 S(F%gptic ellégmen%s 26B are conntsac ed lthrouag);;ﬂ tﬁﬁ??g‘ﬁer portions
28 to thé ouwlptc ppeon22evieh acdgpreddive fortdie exgrtedaggiastithoouteiZndd B, f oot pl at es

32B are designed to engage the inner surface of the eye, through the
rounded out &¥ithepanimal kanslatiqna] motion aleag thennticalaxis@Ar@A26B are desi gned so

t hat wh | OL 20B, | Sl -' | 's.e i | ace t hrough
coﬁpr esginve 25 %@gi@%&%g@%@ ﬁ%{e}g%lkf gliuécﬁg%’s?xg%'}'g?gﬁhgs ﬁgﬁ%i c elenents
26B, the hagirésentineémivhar 6Badtiévedlié By incbrparddinga&tiABniRg Glefen®46,12) in the

direction of arrows C (Fig. 10) generally perpendicular to an optical axis
OA- OA of t hén ti@shapsoef amkbdn, Bxorsiarmoye ofithe heptér pagtionss26pfs shoawvn i@ 20B i s

36 havi 0 4 R eRohE; TRSEPeRnRs itomEt Atk BTG ABbas menel A%l (0 o |

optical axi $,eQRedhh Qgﬂjgnctflsﬁl)&ith Hﬁaﬁapili_

§ SRAHAUCLRHON JERALE: a_di mensi on
in the plane 42-42 (génerally SUBST C g e FRUE%; 55) 98/ 56315

PCT/ US98/ 122fs€d v@th conventional haptic designs to achieve the desired flexibility
characteristics.
The ribbon 46 can be inserted .0 that its flat face is oriented parallel to

15  the dimension 40-40 as shown in Fig. 14. The ribbon 46 can also be inserted
to conform to the curvature of the edges of the haptic element 26, as shown in
Fig. 13. The ribbon 46 is formed of a material that is relatively stiff compared
to the material of the haptic element. Suitable materials can include a
pol'yimide, polyolefin, HDPE, polyester, nylon, metal or any other material

20 witi_m suitable stiffening characteristics. The material does not have to be
biocompatible when it is totally encapsulated in the IOL. The ribbon 46
operates like an I-beam to prevent translational movement along the optical
axis OA-OA when compressive force is applied to the outer ends of the haptic
elements 26.

25 The IOLs of the present invention provide for a refractive lens that can
be manufactured in a number of different styles that are suitable for use in the
anterior chamber of the eye. The inventive IOL has haptics with flexibility
chafécteristics that allow only minimal translational motion along the optical
axis OA-OA, therefore preventing decentration of the lens, distortion of vision,

30  and damage to the corneal endothelial cells. The IOLs of the present invention

with these flexibility characteristics are also advantageous because only one or
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perpendi cular to the optical axis) (Figs. 10 and 12). A transition portion
44, of a decreasing size in the dinension 40-40, extends fromthe central
portion F‘%%ﬁdl@e junction of the footplates 32B. The foopplraisesia3se are
relatively at (Figs. 11 and 12). Haptic elenents with this shape wl|l
tend to flex toward the 5 optic portlonlihz when a conpressive force is
exerted against the outer ends 30, with a ni mal translational notion

al ong the optical axis OA—OA Anot her way the desired flexi bility

characteristic of the ved is by
i ncor por at i ng Vgr%tmﬁ%%nl?nr_lso L}ﬁlteqélgée%@&t# ;dé’ggteo EBEP in one or
nore of the papnts Wﬁﬂo@ﬂﬁlgzﬁmvﬁﬁalslléﬁwg dfﬂhibotype Fthas:hnibal aalds f4. The

ri bbon 46 is formed of a relatively strong material. It can be used in
conj uncti on pamdmtsb@anmfxmmpmsawm mmnamﬁ@d the need todnakife used with
conventi onal Gggtl c desi.gns.to ve t e d. fI X1 bi | 'tté{

char act eri st kS of fgany; # ??nfoﬁt?a 151 fi ’t“l‘fg? om EOFF 4 face is

oriented ari’;\é é to 15 the di mensmn 40- 40 as shown in Fig. 14. The

ri bbon 46" can"al'so be inserted to conformto the curvature of the edges of
the haptic el ementAlBbuglpgartidulatembidiments o’f&eﬁifmnbnhbmbeéﬁdesmbm med of a
material that is relatively stiff conpared to the nateri al he haptic
el enent. Sui !Iaﬂpféﬂnﬂﬁt' OHINPSES e%ﬂluﬁmtm@léfaaowwﬁmca%onspraﬁmeew HDPE,

pol yester, ny) t stiffening
characteri st uﬁ&@;@oﬁxﬁég%do@hg\%ﬁ% (lz)rg'g%n n:"Achfg%ﬁ)%Ht ?)g:ﬂgv\hen it is
totally enca b@dlaiths.t he 10OL. The ribbon 46 operates |like an |-beamto
prevent translational novenment along the optical axis OA- QA when
conpressive force is applied to the outer ends of the haptic el enments 26.
25 The 1 OLs of the present invention provide for a refractive |ens
that can be manufactured in a nunber of different styles that are suitable
for use in the anterior chanber of the eye. The inventive I OL has haptics
with flexibility characteristics that allow only mninmal translational
notion along the optical axis OA-OA, therefore preventing decentration of
the lens, distortion of vision, 30 and damage to the corneal endotheli al
cells. The 1O.s of the present invention with these flexibility
characteristics are al so advant ageous because only one or SUBSTI TUTE SHEET
(RULE 26)
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\Ié\gT??J/Sgg?igZSQ - 10- U!IJ“MIUUIJLM IU!III ens of each style is needed to

accommd%g z%kri\“ﬁeyes of nobst patients. By providing univergg}yksipsss of
this type, tHe 8 inical risks to pati ents because of inproper |ens size are

m nimzed and the need to nake | OLs of manx sizes for each style is
elimnated and i nventory costs are 5 redtited. Al t hough parti cul ar

enbodi ments of the invention have been described in detail for purposes of
illustration, various nodifications may be made w thout departing fromthe
spirit and scope of the invention as defined by the appended cl ai ns.

SUBSTI TUTE SHEEE i RatfedfR) WD 98/ 56315

PCT/ US98/ 12259 - 11 - What is clainmed is: 1. An intraocular |ens (20)
to  be positioned l.geneAnl intrapeulpendhsu(20) to bbepoptiomsd gexemily OA- OA) of

h 10) wh | npl d i ' ' 0)., I ng:
opt 1 ¢ por 11 PTEEBSIcHIRT e SRHEH s (pér DG e 28 LR PBjonteddn | chst

anteddp | east two

haptic el enents,. 0 n inner portion (28) and an outer end
(30) for sup%&%l%??ﬁg?gp?@éﬁﬁp%??i on (22) in a patient's eye (10), the

respective inner ey t | OfSopktid@brtitin (RDEhdVerY Arcowrbieeipheral &fpe(2#j ng connect ed

to the outer peripheral edge (24) of the ogtic ortion (22); (c) each
haptic el ement (26P) i ncitdetshigrohaptie slemeptsd26)orsch having gg mnepportiep out er end

(20 0 FEAR A SoSHT e AR oo 11
eye (10), the respective inner portions (28) of the haptic elements (26) being
connected to the outer peripheral edge (24) of the optic portion (22);
(c) each haptic element (26) including at least one footplate (32) on
the outer end (30), and further including a central portion (38) extending
between the footplate (32) and the inner portion (22); and
(d) the central portion (38) of each haptic element (26) having a
greater resistance to beriding in a plane (40-40) generally parallel to an optical
axis {OA-OA) of the patient's eye (10) than in a plane (36-36) generally
perpendicular to the optical axis (OA-OA).

;2 The intraocular lens (20) of claim 1, wherein the optic portion
(22) 4nd haptic elements (26) are formed of a foldable or compressible

material.

3. The intraocular lens (20) of claim 2, wherein the foldable or
compressible material is selected from the group consisting of silicone
polymers, hydrocarbon and fluorocarbon polymers, hydrogels, soft acrylic
polymers, polyester, polyamides, polyurethane, silicone polymers with
hydrophilic monomer units, fluorine-containing polysiloxane elastomers and

combinations thereof.

4. The intraocular lens (20) of claim 3, wherein the hydrogel

material is hefilcon A.
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(d) the central portion (38 ch haptic el ement (26) having a greater
resistance to bendln l “L -40) generally parallel to an optical
axis (QRwENys@hist he 0) than in a plane (3eB630sgenseral |y
per pendi cular to the optical axis (OA— A . 2. The intraocul ar -1 ens (20)
of claim1, wherein the optic portion (22), and haptic elenents (26) are
formed of a fol dable or conpressible material. 3. The intraocul ar | ens

(20) of claim?2, wherein the foldable or conpressible material is selected
fromthe group caonsi st ] r gﬁhg

fl uorocarbon polgﬂers'nﬁﬂﬁg%gg m&?@? &§%¥y |§mggﬁgﬁgrs pol yester,

pol yani des, apotefativelynfistdn thd plane(36-36) Igenerally pérbéndigudaraplthé opticsbnomer uni ts,
fl uori ne-contai ni ng pol ysil oxane el astoners and conbi nati ons thereof. 4.
The |ntraOCWM§KQA#ENK20) of claim3, wherein the hydrogel material is
hefilcon A SUBSTI TUTE SHEET (RULE 26) WD 98/ 56315

PCT/ US98/ 12259 -12- 5. The intraocular lens (20) of claiml, wherein the
footplates (32) ga.e rd&txhwﬁcmﬁieﬁg%gyofcdnﬁmm dherefnitbe séntrabpsteioR! | Y

perpendi cular to the optical axis The intraocul ar | ens (20)
of claim1, (38ofet leastruaebepttcrdttmqnb(lﬁ)quomajwﬁhadlmm;amteqm]etolﬂapt i c el enent

(giﬁ)erials : oGt e O3 e pgr a8 P RsrE M@ﬁfﬁi (42. 42)
Pans (20) o e 2 ) Bl g “?hi%‘???“%‘%ﬁéﬁ?é‘?%) “rave &

central portion (38) forned with a dinension equal to or greater in the
pl ane (40-40) generally parallel to the optical axis than in the

pl ane (42-42) gerer al |'Jbejarprcutar dansd20keS %%mhewalgﬁfgle(@nm)

elements (26) have a central portion (38) formed with a dimension equal to or

greater in the plane (40-40) generally parallel to the optical axis (OA-OA) than
in the plane (42-42) generally perpendicular to the optical axis (OA-OA).

8. The intraocular lens (20) of claim 1, wherein the central portion
(38) of one haptic element (26) is formed with a dimension equal to or greater
in the plane (42-42) generally perpendicular to the optical axis (OA-OA) than
the dimension of the footplate (32) in the same plane (42-42).
1
/9. The intraocular lens (20) of claims 7 or 8, wherein the haptic
elements (26) include a transition zone (44) of increasing thickness in the plane
(40-40) generally parallel to the optical axis (OA-OA), the transition zone (44)
extending from the footplate (32) to the central portion (38).

10.  The intraocular lens (20) of claim 6, wherein the inner portion
(22) of the at least one haptic element (26) has a dimension in the plane (40-40)
generally parallel to the optical axis (OA-OA) that is essentially the same as
the dimension of the central portion (38) and the optic portion (22) in the same
plane (40-40).

SUBSTITUTE SHEET (RULE 26)



The intraocul ar_I|ens erein the central portion
(38) of one haptic jlﬂ H EI ﬂ Ii“ rrred vmth a di nension equal to or
greater Ky Rl an ) y perpendi cul ar to tlrcpsIsaatssaxi s
(CA-QA) than the dimension of the footpl ate (32) in the sane plane (42-42).
9. The intraocular Iens (20) of clainms 4 0r 8 wherein the haptic
el ements (26) include a transition zone (4 of increasing thickness in the
pl ane (40-40) generally parallel to the optical axis (OA-QAd), the
transition zone (44) exignsthiulaf fmk f@&ffb«%ﬁl BlvthefdiR thd & ledetwent r al
portion (38). 10. The 1 ntraocul ar Iens (20) of claim6, wherein the inner
portion (22) haftic ¢lements|(2@sinclode thapaptic eememts (2Q)28) a Fizes sidechfithersi on in the

pl ane (40-40) general |y paral to the tlc axi s é

essential |y PREC e%mené%@ taﬁgahéeﬁséﬁg? Baptsee ? t"Pélse &ﬁ%%ofttg%) and the
optic portion e sanme pl ane (40- 40) SUBSTI TUTE SHEET (RULE 26)

00 o5/ b1 Bpfiépartiof (32

PCT/ US98/ 12259 -13- 11. The intraocular lens (20) of claim1, wherein the
at least two haptic elenents (26) include two haptic el enents (26) on a
first side of theldpti dhedntrdasnlat femp &Wopf@dalmelaé’rhw&thﬁaﬁtlp%stéwnent (26)

on a second f the ticC ort| 2 he L Qtf a0 r lens (20)
of claim1, M?%&Wﬂ% Hnglg tgcp%%r@exiﬁs é?‘r@n%%gﬁ% cE)) Eﬂén(glJ‘h%e t wo

haptic el emeghfe £@bnq2Bmbiitheh cdéleﬁ’nt:ntﬁ Qidtd fecH $idObf thed tlélnd t wo
haptic el erreg?sc% nQ )aansecongﬁtgl de of K%e) optic portion (22) The
I nt raocul ar Ipeﬂibn((ZB) of claim1, wherein the at |east two hapt i eI ement s
(26) include one haptic elenent (26) on a first side of the optic portion
(22) and a second haptic el ement (26) on a opposite side of the optic

portion (22), withqa paI'“l{e 18&%&8%}‘Pér@t(g@ec(feb%&?lzfé%&ﬁ%é9 lek\g oyt er end

(30) of at | east one of
haptic elements (26) include one haptic element (26) on a first side of the optic

portion (22) and a second haptic element (26) on a opposite side of the optic
portion (22), with a pair of footplates (37) connected to the outer end (30) of

at least one of the haptic elements (26).

14.  The intraocular lens (20) of claim 1, wherein a glare reduction
zone (34) is formed adjacent to the outer peripheral edge (24) of the optical
portion (22).

i

15. The intraocular lens (20) of claim 1, and further including a
stiffening element (46) incorporated in at least one of the haptic elements (26),
the stiffening element (46) having a greater resistance to bending in the plane
(40-40) generally parallel to the optical axis (OA-OA) than in the plane (36-36)
generally perpendicular to the optical axis (OA-OA).

16.  The intraocular lens (20) of claim 15, wherein the stiffening
element (46) is formed of an elongated length of material having a dimension
in the plane (40-40) generally parallel to the optical axis (OA-OA) greater than
the dimension of the plane (42-42) generally perpendicular to the optical axis
(OA-OA).
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14. The intraocular lens (20) of claim1, wherein a glare reduction zone

(34) is fornmed adj peri pheral edge (24) of the optical
porti onwhA8k63135- ﬁmuwﬂ"mm[mm | ens (20) of clai m lpcamdod/izpther
including ‘a stiffentng® el'enént °(46) incorporated in at |east one of the
haptic el ements (26), the stiffening eleggent (46) having a greater

resi stance to bending in the plane (40-40) generally parallel to the
optical axis (OA-QA) than in the plane (36-36) generally perpendicular to
the optical axis (OA-OA). 16. The intraocular lens (20) of claiml15,
wherein the stiffening elenent (46) is fornmed of an el ongated | ength of
mat eri al havi ng B7.di nEhe inraotulart less (B000€ clafif-140Wwheehethel stiffepiagal 1 el to the
optical axis iﬂ reater than the dinmension of the plane (42-42)
general |y pfé@rpemfdﬂé gends dntp the feptlata(32xi s (OA- OA). SUBSTI TUTE SHEET ( RULE
26) WD 98/ 56315

PCT/ US98/ 12259 - 14- 17. The intraocular lens (20) of claim15, wherein
the stiffening ejgmenthd Hoo@irSBRS (20700 clalif 1500hBledt Be(sB&kning8.  The
intraocular lens (20) of claim 15, wherein the stiffening element (46) is
formed of aclememtr(48) issormed ofia fmaterial helegﬁcdnﬁpntﬁnsgmﬁp nonsistingaifyi mi de,

pol yol efin, HDPE po | on and The intraocul ar | ens
(20) of cl Ahlymde, M‘?fh’ %W’%P %tehégﬁ’i“(,anémnts (26) include the
stiffening el ement (46). SUBSTI TUTE SHEET (RULE 26)

19.  The intraocular lens (20) of claim 15, wherein all of the haptic
elements (26) include the stiffening element (46).
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