;M _'me3e; ; AN6T OPEN CHAMBER, ELLIPTI CAL, ACCOVMODATI VE | NTRAOCCULAR LENS
SYSTEM Rel ated Patent 5 This application is related in part to my prior

United States patent No. 5,275,623 entitled "Elliptical Acc h
I ntraocular Lens for Small Incision Surgery” dated January mmmmm"m"lm
BACKGROUND OF THE I NVENTION 10 This invention relates to as I nprove

el liptical, accommmpdative, intraocular |ens system operable' to'B&”
positioned within the interior of an evacuated capsul ar bag of a hunman eye.
More specifically, this invention relates to an open elliptical,

accommodat i ve, i nOPFeY GHAMRER, ERUABTIGAN, AGCOMMODN le to be
inserted 15 within an evaclNIB4AOCGUEARLENSPYSTEMhuman eye fol | owi ng
extracapsul ar surgery to renove and replace a dysfunctional natural
crystalline lens. The invention finds particular application in restoring
bi focal ‘Hepdted Ph@ht OW Ng cataract surgery, correction of .nyopia,
correction of presbyopia and treatnent of the synptons of retinal danmage,

such g, age nehehehiaon' &7 ndsesns! iR, Ay blr HIRE GG ARahrphe human

eye, bifocal visioh 1s provi on of a convex concave | ens,

known as rn P@shi i.on is front of the iris an bi - convex | eas
posi 1§ on i Sileab ElnAREE RetammhdEiug Incpatielty Eafor umah BEHSE, one o
the vitreous hunor of the eye  Accommpdation of vision at both infinity and
near /Surgery; datgd Januacy 44994 pr ovi ded by a peripheral nuscul ar body

ext endi ng about the capsul ar bag and connected to the equator thereof by
Zonul a of Zinn which are thin strands attaching the equator of the capsular
bag to the ciliary nuscles. Tension and the relaxation of the ciliary

muscl es causes the capsuBAICKGROUND OFTHRINVENTIONT act which varies the
focus of the eye. In certain instances at an early age, such as trauma or
‘heredigty, or in later stages of the life cycle, the natural crystalline

| ens of a human becones cl oudy and hardened, sonmewhat |ike mlk .glass,

uch 0| ey ByaRTSeaih G BYEH g, WEGRGescl bl 0" 1
lens system operable to be positioned within the interior of an evacuated capsular
bag of a human eye. More speciﬁcallf, this invention relates to an open enibtical,
accommodative, intraocular lens method and apparatus operable to be inserted

15  within an evacuated capsular bag of a human eye following extracapsular surgery
to remove and replace a dysfunctional natural crystalline lens. The invention finds |
particular application in restoring bifocal vision following cataract surgery,
correction of myopia, correction of presbyopia and treatment of the symptoms of
retinal damage, such as, age related macular degeneration of the human eye.

20 In the human eye, bifocal vision is provided by a combination of a convex-
concave lens, known as the cornea, positioned in front of the iris and a bi-coﬁvex

lens position within a clear elliptical envelope behind the iris and in front of the

vitreous humor of the eye. Accommodation of vision at both infinity and near
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+10 bbindness in mankind for centuries. As early as 1766 Cassanova, in his
menoi rs, suggested that an intraocular lens could be inplanted within a
human to repl ace an opaque natural crystalline lens. It was not until 1949,
however, that a Dr. Harold Ridley, at the Thomas Hospital in London,
inserted the first intraocular lens within the eye of a woman of about 60
years of age followi ng cataract extraction. 15 Early I OLs, however, tended

et o o 6 dafamiS oEbRG! by 2 o LR PRF RERF cRESAREAS OO

posterior chanber |ens included placenent of a_le int .anter, or

chanber, iAPSuldhbagandfonpegted to r?h%t(fﬂ}’%‘i"Bﬁgfie.Of Engt"??%m?b‘ﬁ?‘&ﬁ&re
invented an iris clip lens and Dr. Choyce an iris plane |ens. However, both
anteri or dhindteandy attaching j thef¢quagoy ehdbe capstaedag tq she siliagy rayeddes. o
delicate iris tissue. An advanced in the intraocular lens art occurred when
Dr. Shear iTwpsionveand ediet retaxfatinat of phaciliargl musdst epiiges theacdpsular ebag tor .
Shearing' s design _2. , included a bi-convex pol ynet hyl net hacryl ate

(PMA) 5l engphingly opBbitPadtthieioshriboNRtobiNifte el iris and against the
ciliary muscle or within the capsul ar bag. The Shearing | OL was nai ntai ned

1 R 0 P i

radially from the périphe ens opt e curved at
their distal ends, The curved portjons af the h ics.abutted i, n

peri pher al S,taﬁqs§§ﬁge g‘Pe ‘E’i‘fge’é %ng%‘fgtfﬁ;’& ine Jgag %ﬁgﬁmﬁﬁnﬁ%eﬁ ’Hg‘i ﬁlggé%gggli ng

| ens haptics had small arc contact zones, the success oi the | ens | ead

ot her pi onkasdened, somemhap like yaifls glass,oyhich nerludgs ¥isipnsands pesples, . evengugly oy of
an S-1oop and other designs to relieve trauma to adjacent contact tissue. A
si gni f i canblindoess.aThisncarfditidd ig krfoweds fcatarael: padcuane majpr suyicgref i s
that the focal point is fixed at infinity. Accordingly, for all near vision
t asks, 1¢ONyRitiesd &l nia@RHidfor Heafifre®. bAS @aFly M8 AT66 aCassariavaf hi Bisanemeixsj on,

it is believed the several mllion pair of reading glasses are sold

annual | y V‘@Jﬁgﬁe& BFat Y ihfdocilial fshstbaIMEbe infplafiltvitiintChirin toepliaiecas of

cataract fo [1on and I1ts attendant 1S tendency to blindness, reductions

in both litud i i k Thi
1 Dot B PGSl BI04 RGRyEE Sl ok e T
O el Ve eyt o St SR K ORRe e B, b SPE h0ere

is not well docunmented, however, it is observed that the 20 curvatures of
exci sed semithin tkeepsofie womamef abeutn§0, years of tage following catarpct a3trackiognes.
This failure could be due to a hardening of the lens material, sclerosis,
decr eags i EarlydiOks Iofweetrs tendudt tp, disiocdte, caude érisatrophy and i korae insganaene
capsule or a -3 conbi nati on of the above. Regardl ess of the cause, it is

a recogni Zggeon@aty (dAicoRB0i NAkRAS @Dovircage AR eady disadwatdgen éfoDrot h
near. and far vision becones necessary in nost humans. Conventi onal

t echni ques gy ' jei | @1iSlen @ tig Andeivges
Rlﬁgek';&dfoelfaﬂ' 3 n%-tﬁrassggfe? leld iRfiRledCfiRécRtdnt e

for distance g or near vision, and S nono-focus contact
| ens sets where ong eve carri ayeo SBERF | Yist&ite@dq t he
ot her eye @Fﬂ%é ’ ﬁ‘g%’ﬁf ggtt.ﬁ?glrsﬁ%' flgr‘{]&r(gg%’fr@w | ?&S)Ft eror elﬁr Active
surgery for, distance vision coupled wth readi | asses, has bee
successf ul | iyistcindens ard D5, 5 P&.‘r'ﬂd{l‘wetﬁgf'a ‘ﬁfdefh&‘gr‘??"éf Irl}agﬁ? %f of
being able to see clearly at both near and distance, all of the above

sol uti ds aamsl irtsnfixedriiensss creaged a risk of damages to delicate iris tissue.

An advanced in the intraocular lens art occurred when Dr. Shearing

invented the first, practical, posterior chamber lens. Dr. Shearing’s design



210 one formor another, and are dramatically nore inconvenient than the
natural bifocal vision of youth. A sonmewhat related visual dysfunction in
yout h and young adults is mld to severe nyopia or the loss of an ability
to clearly focus at distance. d asses, contact |enses or refractive surgery
are the nost common fornms of accommodation, 15 however, with certain cases
of "nyopia it nay be necessary to correct vision up to 30 to 40 diopters. As

t he degreg of opj.a_increases the use of co tional sol utiqgns becones

| oss attr sl B hPreGr PR RS ctuaféy SEPONAS as SBedy ot Vel y
correct this.patient concern. Still further, as humans age, or through
viral inf Pﬁ%&t %‘?‘FS“IW eripigaRd aggingt the cilany mysrcle ar mwishin the eapsulsr bpgc| udi ng
macul ar degeneration, can cause a dramatic |oss of perception of |ight and
col or by r'fgel§hamngd% ws maintaiged Ha. a iganerally aientriah sixisnof sistondby thin of
relief for humans suffering frominpairnment of vision from-4 t he | oss

of retinaktramd haptiarthbeexaeidedvedidlly frony tha Periphtrad edpd 6NtHetl¥nsdptic and
magni fi cati on of inmges presented to healthy cells. In certain instances of

macul as dQ@eNRiAedORt theidiidtsh QEdQeSTE@QtheHO?ﬁ{tFo%E”&f ﬁléogkb&;#}t abfliekdy an

option of a correction of 30 to 70 diopters. S magni t ude correction

i's not reggi; ' | R Kk hni gues,, The

it onbuip IFEEA sk bt herBRG hoort wEORRG AFEOTER Ui ouchiBe e e

exhaustive but .ar jor concerns ang represent limtations placed on

mank ndl 0Bl HEHEEH 8o GOReELEmsRothe FBFSS 04 he 1y Lgh Oler RIGHeSFS e, |

woul d be highly desirable if these limtations could be addressed and

ni ni ni zed 98veleR anyeriety ofahaptie desigas, sichorse a £-leepi entan Sdodpeand etheror ti on

of the accommodation and clarity of the vision of their youth. OBJECTS OF

THE | NVENHesighs1® relieve traugmnter adjachit @ontaof titsue. | A \stguificamt tlisnipstivn sfealh

met hod and apparatus to obviate or mnimze linmtations to acconmpdat ed

bi focad vifixedrfoals idtfadcuRe IRhS\Vdedignk Vis HBAC thdF6eal point is fixed at infinity.
Accordingly, for all near vision tasks, conventional reading glasses became
necessary. In this connection, it is believed the several million pair of reading

glasses are sold annually within the United States alone.
In additio'n to the incidences of cataract formation and its attendant

15 tendency to blindness, reductions in both amplitude and speed of accommodation

with age are well known. Thls condition is known as presbyopia. The amplitude

of accommodation decreases progressively with age from some 14 diopters in a

child of ten years to mear zero at age 52. The exact explanation for the

physiological phenomena is not well documented, howe;'er, it is observed that the
20  curvatures of excised semile lenses were considerably less than those of juvenile

ones. This failure could be due to a hardening of the lens material, sclerosis,

decrease in modules of elasticity, or to a decrease in thickness of the capsule or a



s/t i8¢ another object of the invention to provide an intraocul ar |ens system
which to operable to restore a patient's bifocal vision follow ng
extracapsul ar 20 cataract extraction. -5 It is a further object of the

i nvention to provide an intraocul ar | eas system which can be used as a

repl acenent of a patient's natural crystalline | ens to acconmodate and
of fset presh ' | LSi ] ' e ' f the
i nvention ‘foéx %ﬁ%@?%gwathgi%r# P%oglgfégrra{&esﬁgfaglés%ae&nﬁ%\%ﬁ Flsa% at'tggo%ng%hﬁféé%&r% pl ace
of a patient' s .natural crystalline lens tq correct instagnces.of mld to
sever o myopreianing af cibout kR iz 4 grEethio of ot msan ApE ot SsiAR, bicmes

i ntraocul ar | ens system which can be used to inprove vision in patients

havi ng r et RefgFsageibrost bumaps. earentionaltechniguesyimnchide bifors) glasses, bifora) 5
specific object of the invention to provide an intraocul ar |ens systemt hat
i s oper abl eortactuliens,i contadhdemses forldispincsi anldorpadisig glagses fornmeary wistom, rapdt or e
accommodative bifocal vision to a patient. It is yet another object of the
i nventi®n hnbdséwd cortadtalens Ndetss wihefe00aé eye SdadFles @l tomhdtoleasifor Aidtasder ger y
or for correction of presbyopia w thout using refractive 15 surgery,

contact | epggs afdf thd! RBSCEyPEarRiel @l donfct 1 6P &m‘gy%tm%%}ep E‘eflr’aéti‘jes

still another object of the Invention to provide an intraocular lens system
solution tg creatio Vi sion |:0 f 70 t | PPt it hout
s of o ni gestakeralshedyiloh loRANRE - ldiag eliend s hepmpe Mt St

| NVENTI ON . '

to fcbrrect presbyopia. Notwithstanding the grateful relief of being able to see
clearly at both near and distance, all of the above solutions are compromises, in

10 one form or another, and are dramatically more inconvenient than the natural
bifocal vision of youth.

A somewhat related visual dysfunction in youth and young adults is mild to
severe myopia or the loss of an ability to clearly focus at distance. Glasses, contact
lenses or refractive surgery are the most common forms of accommodation,'

15 however, with certain cases of myopia it may be necessary to correct vision up to

30 to 40 diopters. As the degree of myopia increases the use of conventional

. solutions becomes less attractive and it would be highly desirable to be able to
reliably correct this patient concern.

Still further, as humans age, or through viral inflammations or trauma,.

20  deterioration in retinal cells, including macular degeneration, can cause a dramatic
loss of perception of light and color by rods and cones of the retina. In certain

instances a degree of relief for humans suffering from impairment of vision from



sln at | east one preferred enbodi mrent of the invention intended to
acconpl i sh the above, and other, objects of the invention are achieved by
an-open chanber, acconmodative, intraocular |ens system operable to be
positioned within the interior of an evacuated capsul ar bag of a human eye.
The inventive 5 intraocular |lens systemincludes a first anterior |ens
optic and a second posterior lens optic which are arranged in axi al

al i gnnent visually. An open chanber, haptic systemis connected between the

two | ensetedodt of Tendll @lls h B hehidyvd'b tndRding ISHUIRY Br hfprtAMIed 1N

the formof elliptical segnents which are connect 0 the

peri pher apg Mﬂtﬁi gféw}:eﬂﬁdltﬁrlﬁ%ﬁﬂf 8%, 2 c@t[tﬁinoiﬂgt\ﬁ@{:egléf I%Q%tﬁﬁgéeégﬁgﬁn%ﬁ%)ge

visual axis o enses e overall cross-sectiona

i nventive,,li I S_system.i [liptical, and is desjgned to fit
smoot hl y %wggglﬁgﬁ F%l{lg?? BFééS‘ft %pﬁiflfete E@“&%’QBP P‘i?&!je.‘:t‘?%@?épltpﬂpi cal
haptic el ements e flexible and as the capsular bag is peripherally pulled
out war dl yS‘QPPeﬁ'sa@&fﬂdPﬁgmf“@é HagPrEesiion is; ot repdily m&w&bﬁi Wﬁim'e&@ltb’r oduced
by a patient's natural vision accommodative by the ciliary nuscles of the
eye. I tkmown technigiesri or | eas is noved axially toward the posterior |ens
to provide vision at infinity. As the ciliary nuscles are constricted and
nove radi al | y Thedimitatfoas toeiion bailiedaactheTgrdadedng, arecnst ifendBd ¢9HRECt i Ve
zonual s decreases and the patient's capsul ar bag thickens allow ng the

haptics texhagsvebiit e mayak tébﬁéena&)aﬁa!reﬁ%sé&ﬁhﬂnadﬂnts*qim &J‘Bgﬂﬁﬁxd%f a two

optic lens systemis preferred, wherein the anterior “lens 1s bli-convex and

t he post eyl o n 0 oVl carrective .r e of
accommdaﬁlg'{nlréof abogﬁot&%i@?%lgﬁrg&s&ﬁ éF"tabvﬁs negg eéxﬂngg"c}'aif%m rwi‘ﬁéd’[e}*&@f
surgery, b I enbodi pent s cont e ated by fhe subject invention.
In this, g%sggble] ﬁ&g‘“&%@%‘i@e@ﬁﬁ%‘% &P&dﬁ’é‘hiﬁ 198 tediand as for
exarrp*e, oncavo-epl anar or concavo-convex for either the anterior of
post el or &H‘slréﬁQF tonpatients ablenst a ipestiom of $he acoemmasiatioasAndaglarityt of thenove
th terior. |

© Pos e:rilsicc)azl of%lrllesir youth.

OBJECTS OF THE INVENTION

15 It is a general object of the invention to provide a method and apparatus to
obviate or minimize limitations to accommodated bifocal vision of the type
previously described.

It is another object of the invention to provide an intraocular lens system

which to operable to restore a patient’s bifocal vision following extracapsular

20 cataract extraction.



entimely or elimnate its optic function by using a biplanar |ens body.
Finally, the invention also 'envisions adding nore than two | enses, such as
three | enses, in instances where extreme dioptive correction is desirable.
In a preferred enbodi nent three elliptical haptic segnents are use 10
extending at an arc of about 40 degrees outwardly fromthe rins of the |ens
optics and are peripherally spaced around the periphery with 80 degree
segnents of open space. These haptic segnents are elliptical in

cross- Sect 1 o' a0k ATBrd@DHRBESE U ArBRhol ) pRbALE oh WARGIANGEL Ll CE!

ratio of 0.96. O her arrangenents o aptics are also envi sl

as two w : d e r four re haptj,cs that 15 woul d be thinner
in outer \?\‘Ils tcﬁ?&?hgpun gr ylgnxéepgatélep%h ??i% qaﬁgyif%atw i %tg&“@ PEkP bl e
enough to enable relatjvely unrestricted accommpdati on novenent of the
anteri or Iaé:ﬁgm%’\%ﬁ_eoaQ41%§ﬁ?gQFWBP‘*‘(}%%Y‘S‘PBH?%P%%MM 1.9 mmor so in_
response to the natural novenent of the ciliary nuscle and zonul a attached
to the capsul arlt k@ rglatedcokjeqt of thecipyentionotei prpvide an intrancglartlenssyspmit t he
tens or |enses of the 20 optic systemin visual axial alignnment within the
capsul & that odn be psed imnplace ef e patient’s BRinER @SR TeINoCorFédE itdtANNGS

O her object and advantages of the present invention will beconme apparent
fromthe faflthidvtogeveded miybpid. description of preferred enbodi ments of the
invention 5 taken in conjunction with the acconpanyi ng drawi ngs wherein:
FIGURE 1 is a paribiyak £ifofifet Sbjebt 9P athe ih6MitRh o %He%eggt%glféfgrg a |ens

system COI’TpOSGd of "a convex-concave cornea and ar accomrp PEOHVGX

natural cr [ I ositioned wmithin a posterioy chapber capsul ar
bag; FI GUFié&fﬁll sdvgh%lﬁa%??a ecr"ﬁ%‘@-é’ec‘ﬂ%ﬂ‘éﬁ W’gﬁl dt B nnaxieg a§£t81@bi cted
in 10 FIGURE 1 ere the natural crystalline .lens has been replaced with
an open ¢ qratigilc amagulardegenesation,y | ens in accordance with one
preferred enbodi ment of the invention to restore a patient's natural,
acconddat i ve, Ibisasnecific objsst pHtheinventionto provide am intsancylarylens$yStdnr 3
(note sheet two) is and axononetric view of an open chanber, _
that is operable to utilize the natural physiology of the human eye to restore

accommodative bifocal vision to a patient.
It is yet another object of the invention to restore a patient’s bifocal vision
following cataract surgery or for correction of presbyopia without using refractive
1§  surgery, contact lenses, or gla;sw as a part of the corrective solution.
It is still another object of the invention to provide an intraocular lens
system solution to creation of a vision augmentation of 70 to 90 diopters without

use of thick glasses or radical refractive surgery

20 SUMMARY OF THE INVENTION
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" S aecommodative, intraocular |lens having three elliptically shaped haptics
ext endi ng between an anterior lens optic and a posterior lens optic in
accordance with one preferred enbodi nent of the invention; FIGURE 4 is an
end view of the open chanber intraocular |ens system as depicted in Fl GURE
3, and viewed along a visual axis as the lens is inplanted 20 within the
capsul ar bag of a human eye; FIGURE 5 is a side view of the intraocul ar

| ens systemincluding a preferred formof three equally spaced haptic

segnments, as pi.ct in Fl E 4. . FIGURE 6 (hote.shee is a plan
view of a haptl cbgc}grr%én&}ﬁ ﬁgg%regdsieﬁgbolq‘@eﬂ? eﬁefﬁeedfnvﬁ%th@r aPPE"@%%’ﬁipfq cal
configuration;., Fl 7 is .a cross-sectjonal view of the haptic conponent
depi ct ed %W’W‘@gﬁggggﬁmi aﬂ?lds?,tﬁﬁ‘é J?”Fﬁeoél Ventignoare achiqved by an open
configuration of the haptic 5 elenent; FIGURE 8 is a schematic and
axononet champpr, Accommogativy, infraepdar lens Aystem operahle ke be positionerhwithin ve

I ntraocul ar tens segnent in accordance with a preferred enbodi nent of the
i nvent i othpdsteriognef] ani evacuatede capsptarl bag befy aohumanuepel eThe fvehle 9 is a
partial schematic side view of the accommopdative, 10 intraocul ar |ens

syste8) de@hcdutsl lefs bysGdrinSudésa TxsOaMteRoL 10Mst dptichsnd av&amd)pom-sp
di scl oses the longitudinal elliptical configuration of a haptlc ofl the |l ens

system ; s b Gy | J s LS L e AL [ of, .t he open
chanber, Egﬁ\]%ﬁlgvgl éh gg%%mm%%?ﬁee%ﬁ#nﬁé%*&%a%?%ﬁg rs@';stog)%’i%ag&ce& dance
with a preferred 15 enbodi t . of, the inventiqn, depicted in Fl GURES 8
and 9, wHEPHE Y ﬁ'gn'fc?ﬁ{l??cﬁggfté"ﬁ%ggﬁfwﬁ lensssand 1gra PE%&T‘@HS&’F‘H threat ur al
menmory cqndition follow ng insertion into the capsular bag of a patient's
eye, wit HapPHES [?'WE‘HP'?%&P‘PW%@S&‘I‘% fewnsef iellintical spgments owhichomnedat e
for near vision, and the solid |ine segnent

connected at their ends to the peripheral rims of the lens bodies and arc outwardly

10 away from the visual axis of the lenses.

The overall cross-sectional shape of the inventive intraocular lens system is
elliptical and is designed to fit smoothly within the interior of a patient’s capsular
bag. The elliptical haptic elements are flexible and as the capsular bag is
peripherally pulled outwardly at its equator the bag contracts. This contraction is

1S  produced by a patient’s natural vision accommodative by the ciliary muscles of the
eye. In this, the anterior lens is moved axially toward the posterior lens to provide
vision at infinity. As the ciliary muscles are constricted and move radially inward,
for near vision accommodation, tension on connective zonuals decreases and the
patient’s capsular bag thickens allowing the haptics to assume their natural

20 memory state.
Although the use ;)f a two optic lens system is preferred, wherein the

anterior lens is bi-convex and the posterior lens is concavo-convex to a provide



«depiots the position of the | ens systemwhen the patient's ciliary muscle
rel axes and 20 peri pherally expands and stretches the capsul ar bag outward
narrowi ng the distance between the | ens optics to provi de accommodati ve
vision at infinity; -10 FI GURE 11 (note sheet four) is an illustration of
anot her preferred formof the invention where the open chanber, elliptical,
accomodati ve intraocul ar | ens systemincludes only one anterior positioned
I ens optiGrrdelid Fingde of actdinioldtifibh Al SHduPT4 WGHBAY folloviRs reﬁﬂ-af*é})'sm&f .the
invention 5 having only one anterior positioned |lens optic; FIGURE 13 is an
axononetrj ¢ j I O t ] re, ' €l ntion
where t he&‘%]ﬂtarkéi:)@hé%&’ I@Hglf slsgf eénﬁ%(g&lgggs a? %r g&éﬂ%ﬁ%?gﬁ% (E)ﬁptl%sthlg ns‘%}}é‘gtl

al i gnnment,; and FI 14 .is a cross-sectional. view of a three | ens optic
System asiutghtfon 0 (Hise Gtheh 1B1SCE5RS PO o BEITOA 1RSSR bR SRR BRRED.
EMBODI MENTS OF THE | NVENTI ON 15 Turning now to the draw ngs wherein |ike
numer al s forgxample, cpReavpplanar qrgangayy-£onvex fop gither dreanteaiorofippsterion s of
the invention. Before describing the preferred enbodi nent, however, a brief
st at enfent leapoulin stile othert instanses ithmaynbe depipablestop cérneve thea ppstenior dens. 20
Context of the Invention Turning nowto Figure | there will be seen a
partial cemaslysscélirinate its eptio fuidtiodrbyeusiog assighmat leds bodyu nBinaly ethe0.
Vision in humans is provided by a first convex/concave | ens known as a

cornea 22y It¥ich SRGNENVisids Radihk3mbYe IRAL W6 AensedJ suth as three lenses, in

instances where extreme dioptive correction is desirable.
In a preferred embodiment three elliptical haptic segments are use
10 extending at an arc of about 40 degrees outwardly from the rims of the lens optics
and are peripherally spaced around the periphery with 80 degree segments of open
space. These haptic segments are elliptical in cross-section and are fashioned in a
natural state to have an elliptical ratio of 0.96. Other arrangements of the haptics
are also envisioned such as two wider based haptics or four or more haptics that
15 would be thinner in outer width. The underlying criteria is that the haptics are
flexible enough to enable relatively unrestricted accommodation movement of the
anterior lens toward the posterior chamber lens of about 1.9 mm or so in response
to the natural movement of the ciliary muscle and zonula attached to the capsular
bag while simultaneously being stiff enough to support the lens or lenses of the

20 optic system in visual axial alignment within the capsular bag of a patient’s eye.



s tmansparent to light. The cornea 22 is connected at its perineter to a
general ly spherical exterior body of the eye known as a sclera 24. An iris
26°is positioned within an anterior chanber of the eye 28 and serves to
vary the anpunt of light permtted to pass into the eye structure. The iris
26 extends into and is joined with 5 a nmuscul ar structure known as the
ciliary body or muscle 30 which extends peripherally about an interior
portion of the eye. A natural crystalline lens 32 is positioned behind the
iris 26 and i s enrobedgRYER IFRESRIPTIONR OF §1E PRAOAINGS The natural
crystalline |l ens 32 approxinmates an ellipse 1n cross-section and is
circular when viewed along a line of sight. Zonula of Zinn 36 extend
between the 10 ciliary nuscle 30 and an equator position of the capsul ar
bag 34. A hylojd face, not, shown, extends across the erior surface of
the lens 32 an@%?o‘ﬁﬁ?"é?“ldh‘é‘n@&% 8* g‘éfgﬂ%%{mwvswne@ﬁfﬁ?ﬁ?meaamv FRous
chamber filled with clear vitreous hunor. Light is focused by the human eye
by bei ng frem the followinodefniled descsintion of preferred embpdiments: efdthgdaventiow ough

t he bi-convex natural crystalline lens and is focused on a retina at the
base o ttaken\im cofjuhotian withsthemacéompanyidg didwingowReinmi | | i neters is
accommodat ed by varying the shape of the natural crystalline |ens 32. Mre
specifically, FIGURE fls hHarflal otosd-SectionalsGe Bf al Rendh by néludise hdesd

rel axi ng which permts their peripheral expansion and thus tensioning the

adial |y Sorm s Sf o R aldhiad Gihe) MR A RmBpalar, RE D0

radi al | y outwar foreshortens ness of t

provi di ng_for _dis ce wision. ln contrast.  pear Vi.Sion | ccommodat ed in
a human e%&wfj{rﬁéé@%l %p?ﬂéﬂegsm% a p%?ﬁ?raﬁaﬂ%’r Wsc‘,'if“?@géas es tension
on the zonul a %II vving,the | ens body 32 to thicken into its natural state
and thus focus ﬁ&ﬁm is 15y paxtial cposs-serional vierh of 3 hymmap, eF¢ asdspicied e
brain by the optic nerve. A human eye adapts readily to variations in focal
| engt B0 anFIGEARE ds shers the) giatural crystaline tlony ihag, heep eneplaced witlf iami ppems wel |
as near vision instantly w thout conscious accommodati on. Notw t hstandi ng

t he perf ec¢chamber,0accommydtivey iatrwdpalar t nofint Aecopdmde atvithnonénprefi@ded ity to
view objects at infinity, or nmyopia, is frequently encountered. This visual

i mpai r MeNtenfldAirentCoIthe fvRetiBN t6 Sbdtafed patiemNSndiftdl, R¥osihfvdative, Nifsal NJ
contact lens or refractive surgery. In addition, 10 certain humans do not

focus nea%ygékm&ﬁé&r;&ip&liﬁwm as hyperopia and

FIGURE 3 (note sheet two) is and axonometric view of an open chamber, -
15 accommodative, intraocular lens having three elliptically shaped haptics extending
between an anterior lens optic and a posterior lens optic in accordance with one
preferred embodiment of the invention;
FIGURE 4 is an end view of the open chamber intraocular lens system, as
depicted in FIGURE 3, and viewed along a visual axis as the lens is implanted
20 within the capsular bag of a human eye;
FIGURE § is a side view of the intraocular lens system including a

preferred form of three equally spaced haptic segments, as depicted in FIGURE 4;



‘theirs vision can al so be corrected by conventional refractive techniques.
In certain instance of severe |ack of accommopdati on these conventi onal
procedures becone undesirable and alternative procedures are needed.

Al t hough a youth of ten years in age has an ability to change the dioptic
15 power by fourteen diopters, this ability gradually decreases with age
and by fifty or so the ability of the human eye to accomvpdate variation in
focal |ength becones essentially zero. This condition is referréed to by
presbyopi a andFIGDRE € ghotefshedt 3) ds|uiplas vieor 6©8 hiaptic EompbRend dkeRkingiied on and
far vision. This can be achi eved by wearing bifocal glasses or contacts or

under goi NgrdfefredCgdnePaleliptfday, dopfiglistigiice 20 and wearing gl asses for
readi ng purposes. In addition to the foregoing nore conventi onal

readi ng dditior to ing more con L o
more 11 equent| § RaarE R0 R AT IEE of e Ml SrbbeiiR? Bruleld T T
igid d t h f light. Thi, diition,i f t

" Cat ar acFIGRAS oot piseigRs 28F acwye ihisoaeetcnal hehenribiosool Bechater of

t echni ques, however, the nost commonly performsurgery is known as .
extrac%psﬁ‘e&?enﬁixtracti on. In this procedure, an annular opening is 5
fashi oned about the anterior visual center of the |lens, centered by the
iris, and t henFEGURE 8y$ agchematicaand aaonometricdllnstratiomcef dicopenndtamben) . At
| east one procedure for phacoenulsification, irrigation and aspiration is

di scl osed elliptieallJacé ambistivsinthreniatdempiegiientin aboot84n@9ith @Hefdriad
natural crystalline lens is renoved a bi-convex, fixed focal length optic,

of about gj iohdri efti i : i i j i the
Chpeu ar mbolllcuic TR L6S uvefigh PoRlihed Minibloedpiul bag bt 4 fmhd fgl = |

t t [ [ ' : A th .
Freauent |y por FAORRE O oo BArft. 3RadRd 0 Yiny T8 &, pbTiRlecive,

hi d g jderabl e d . Of Lsticatj ESS, .
i oo SRERGRLSR TeRS srvrne denietod G BIRGTRES S; b arcATaanee v BecBBRRURR noar

vi sion nmust be corrected by wearing 15 readi ng gl asses. Finally, retinal

di sease onhighlisclases, theylengitudingl nelliptical ncanfigusationr of a haptin efrthedensicul ar
degeneration which usually occurs with advance in age. The synptom of
macul ar degstems ati on can be alleviated, to a degree, by providing high
diopters in the 30 to 70 range such that the rods and cones available to

receive 20 si gIFIGURE 40ii azhématib eilistfationCst thethetiod BE tie0s AN ARt ext
it will be appreciated that inprovenents in the eye care industry can be

made with ] fe%g.ﬁtacES’mﬁﬁrdﬁfW%: i?&a%}:ul‘ﬁk%@sy%%ﬁ i@ﬁc&@fﬁ%&%’r\g@%% eg(xiem opi a,

pr esbyopi a, acenent o VI SIon oW ng ¢ racti on and
t r eat qent ret|na S Cl.] ON ;SUC egengration. en
chambdp tiogEhbot, e AYRRAE dafnlFbadh, FRFURRS 8 GG Fherdl phBim

lines represent a segment of the lens in a natural memory condition following

insertion into the capsular bag of a patient’s eye, with the patient’s ciliary muscle
constricted inward to accommodate for near vision, and the solid line segment

~ depicts the position of the lens system when the patient’s ciliary muscle relaxes and

20 peripherﬁlly expands and stretches the capsular bag outward narrowing the

distance between the lens optics to provide accommodative vision at infinity;

-10-



‘Referring now to Figure 2, the subject invention is directed to an open
chanber, elliptical, accommobdated, intraocular |ens system 40 which is
operable to correct and/or elimnate vision inpairments of the type
descri bed above. The intraocular |ens system 40 includes an anterior |ens
42, a posterior lens 44 and 10 haptic segnents 46 operably connecting the
anterior lens 42 with the posterior lens 44. As noted in Figure 2, the
subj ect i ntr ao@IGUREENS(nsiesshesd folr) B antillabw@iationdbf ¥néthér pidfardbd F6rm of
cross-section and operably confornms to the interior three-di nensional

surface ofykhgvéntidaUivREreRE opén chiinber) Elfiftidal IHE@mmiodative GhtrhfGusl fofks Nos,

at sheet two, there is shown an 15 axononetric view of the subject.

i ntraocul aJ. sier %ﬁm%MyA' ea%t%@éosﬁo%}élgrl%l%ﬁc?i de view, respectively.

The forward o [erior “optic pre I-convex as depicted in

Figure S and h Laneter qQf apprtoxipately five mllineters for |

posi tioni ng wi taﬁﬁ(ﬁ"ﬁheﬁé’bgﬁl Wt"ié&%ﬁpgﬁﬁtbﬁf é{rgqeeg;regehrwdofﬁlée fpveRtioy  The
power distribution of the anterior and posterior |enses may be varied to
suit tHe nkasies enlyxmeranterinrrpasitiongd lensiopéist | however, in a preferred
enbodi nent the anterior lens is positive and the posterior lens is

negati ve. The pAKIBRIEDL3 isemsaxdpdometrinillustration pf ansther pedféeryadrembodinméntt he

| ens 42 and cooperates with the anterior lens to correct a -15 wearer's
vi sion. | nofathp ie¥enitiofdviedio ehil iierioculiab ferls 8PterhdintiudéathirecrRaslopticsanxidr i cal
concavo- convex shape as depicted in Figures 3 and 5. Although in a
preferred ﬁ;@gﬁg@ the anterior and posterior |ens conbinations are as
stat ed above, otrggﬁ?ens coupl es are contenpl ated by the subject invention
i ncludi ng ant erj 5.fashi oned w t.h_a concavg-pl anar oncavo- convex,
and convex- concg@%‘)ﬁﬁi“gﬁﬁ 3¢ FrosYSeqtignal yiew' o ranﬁﬁﬁee 0% Hgﬁﬁcﬁ'?t@m & lens
may al so exhi bit the range of physical |lens formation possibilities of

bei ng tdnc "BFedC‘BWgF Bt anar in order to achieve the desired visual
result for a particular patient. Lenses are typically fabricated from an
optical grade pol ynmet hyl net hacryl ate (PMVA) 10 however other materials may
be utilized such as glass, silicone, or acrylics provided visual clarity,
refractive ability, and bi o- DETAILED DESCRIPFTION OFai ntai ned. In the

subj ect invention, tPREFERREDEMBODIMENTSOF THEINVENONI e coupl ed
together 6y a plurality of longitudinally elliptical haptics 46. The
haptics are connected to the peripheral edges of the anterior and posterior

B T e e

techni ques and are p I one edges o e lensés 1'n

equi di stant, peri.pheral locations. In a preferred epbodinent, the.haptics
cubt end an tultetigRe Sesm wipfersd SipydlaiaRl s fis IBeilhng Brome eseaiere i
l'ine of sight, note Fiqure 4, and extend outwardly approxi nat el i ne

m | 1§ met er Preferred; swé)pg@e% howyeves, Aabrek ﬁ@t%%%lab?‘u‘ft éh%ém&ﬁ*gr& g‘re of
the 20. capsul ar bag of the human eye. As shown in Figure 6, note sheet

t hree, t he ineention isibelievedepprapiriatec! | iptical in a plan view and has arcuate
end surfaces 48 and 50 for attachnment to the periphery of the anterior and

posterior |lenses as noted -16 above. In cross-section, the haptics 46 are
arcuate, note Figures 4 and 7, and have a radius of curvature of

appr oxiggat wﬁﬁ}ﬁﬁs whi ch enables the haptic to snoothly conform
to the interior surface of an evacuated capsul ar bag.

Turning now to Figure 1 there will be seen a partial cross-sectional view of

an anterior segment of a human eye 20. Vision in humans is provided by a first

convex/concave lens known as a cornea 22. This segment is partially spherical and

-11-



«The haptics 46 are preferably conposed of pol ynet hyl net hacryl ate 5 (PMVA)
mat eri al which can be nolded along with one of the anterior or posterior

| enses: In certain instances, it nay be desirable to | essen the overal

wei ght of the intraocular |ens systemw thin the interior of a patient's
eye. In this instance the haptic 46 can be advantageously conposed of a
pol ypropyl ene material having a specific gravity of approximtely 0.91 and
t hus the cqnbi nation af. the, PMVA 10, 0ptics oly | ene haptlcs of f set
and the 8 Agsateaf s Beut, The ehined 52 RutoRetfs b s iaristalsn 1o ¢ eberalious
hunor. In addltlon theggagélcs can be advantageously conposed of an
acrylic hapergal EXIRHiQ b the eye knavm a9 aosclera 2dqr ARyiEis %h'ﬁéﬂﬁti’@ﬂyd ate
(HEMA), or polydi methyl siloxanes. Although three radially extending

hapti cs cwitbin sy anterior shagher of gheiepe 28 sanidsserveshto varythe sinsdumtrofilighEi gur es
3 - 5, constitute a preferred enbodi nent of the invention, other haptic

ar r angenepérsnitted to passtine the ef¢ steuctureoThe iris D6l ektendHinto ShdY isSjoiid@dwithd can
be sel ected by those of ordinary skill in the art to satisfy the

requi rementm@deubdd! StrGét@Rd Knb®hl R4 Ith Yeilidgh TyIOI‘u@ed e Hteclacwma&?teﬁ?eﬁf&cus' ng

of the lens system and sinultaneous stlf ness to maintain t1e axi a

posi tion gpe@eQal hﬁ’&l{% '?er?cfr #r hgpesrgff:SA natiA) Qg 1t lm ge 321 8

there wil c 1 ons a porti

i ntraocul ar , syst posi d mnt sular 34 17 and

o 1 cul aptgtie i B R 4 BT Bhcahedt £ RRanal moatbrate of Gagi Y.
conflguratlon of the haptic 46 mhereln t he ratlo provided by the height A
of the el Theqaterabcry ergeh 3B approxigmtey anhellipse éh coessseetioredndhiat t hi s
ratio is optimum for application of the ciliary muscles and zonul a acting

t hrough t tiecudapwhemvicped alenga dine df sightc Zamubalaf Zinen 36 extendhietwednhthe
intraocul ar Iens system 40. Although this configuration is preferred, it is

envi si@negilibainuscleB0Qand e tustor POSIGOR VF the capsula® b? 3, aA tKyleiadage, Wi t h
rounded corners nmay be utilized to advantage provided the material,

thi cknessyugnthAl) B! 4y SIPpOABD shied Bt gg@ménsswmatféx%amter ring

again to E|gur a peri pher ne of zonu is depicte

ext ends pgri rally ab and.i s con ected to.the In a
condi ¢ on ATRBRE chentat 96 fe RIE pioke 30 VRESHS! iedupel nGE M Fes Siffemier o 1
outwardly, the zonula 36 will be tensioned outwardly which mnll pul | the
equat or ohwpﬁé capsul ar bag 34 into a configuration shown in solid lines in
Figure 10. This position of the capsular bag and the | ocation of the
anterior and pbighéds Socuseshbgghe hunmnspye | efragtedh througin the icoxnea\hen
the peripheral ciliary nmuscles 30 are constrlcted the hoop di nension is,
radi al$y dndrthes adfratted agaht ¢hmapht thes bboomovext isturalnenystalintcleas canidnis
capsul ar bag, biased by the natural shape of the intraocular |ens system

40, asSUMpseukdtE of O détiria0Bt tRCbES 6F thY epdlaBigseal ividtén itfonkiifitiaRy 192500 thi s,

the natural nmenory 20 shape of the elliptical haptics 46 repositions the

3225{5 Srnd@‘elﬁn V‘?%@ﬁi'?%gﬁ%‘tfdh ar*“S"t‘P%&E@f%aﬁ’m‘“?%‘%'ﬁ%“‘% Fripdeds 1 2°
i th the é?n&t" R R R T e e

axi al notion of the anterior lens with respect to the posterior lens of 1.9
mi | | i meFea¥ingyhigh permaits their peripheral expansion aad shusrignsiogingthezenpley
notion of the subject intraocular lens systemis achieved automatically,
and s@8n 36s|Tensionwifithe monwle dravws thegguasoriof thescapsulap bagwadially opevardnent | y
restore unai ded bi nocul ar vi sion.
and foreshortens the thickness of the lens body 32, providing for distance vision.

In contrast, near vision is accommodated in a human eye by the ciliary muscles

<12~



‘Al t hough a preferred enbodi nent of the subject acconmodative intraocul ar

| ens system has been di scl osed and di scussed in connection with Figures 3 -
8, ‘other preferred enbodi nents exist with respect to specific applications
such as disclosed 10 in Figures 11 - 14. In this, Figures 11 and 12

di sclose elliptical haptic, intraocular lens systens utilizing a single
anterior |lens body 52 which may be used to advantage for the correction of
mld to severe nyopi a (nearsi ghtedness) or hyperopia (farsightedness). In
this enbedntrecting awhichr edlédsys oénsidn iopt theakoAPtdllbwid tROMBChodyt 38 fo ' St
end to a peripheral portion of the first optic 52 and at a second 15 end to
a stabi | ithicken lnf0 its GnaRafdl istABGthd ik fRGsthE HraP GBi&td Bpod PG rdx! @l

alignnment to the optic 52. This enbodinent s operably received wthin an

evacuat eqdr&aRsiNich td fsk B&i@bggﬁgg i@Revat abl e manner sinmilar to that shown

in Figure 2. In an alternati odinment of the invention a single |ens

optic 58, as 2 | ct i lgure 12, 1S supported el liptical haptics
60 having a fi“?s%‘g eggnﬂ%ggegeﬁ(ﬁlyagopg??ﬁﬁ%&gfn &?cﬁ} ggnﬁth@nﬁpf‘?ﬂ‘lﬁﬁﬁ@ ext end
to free end Positions to,a location of posterior proximty. This lens wll
al so sSnudirbles Adhumap tayiey phiects atqigfinityias walk 35 peasrvision instansly wisheutl ar bag
for use in correction of nyopia and hyperopia. The cross-sectional

conf i gur ORgfiows ackhemgndationi veNotavithsgmdingl t68, parfect heisienbegjoyehtly depi ct ed
in Figures 11 and 12, nay be selected for the designated 5 refractive

pur poses majority dfstherpdpulatiza, tanainability [te ndeve dbjéditd af RGP BPEPIE Xis

pl ano- convex, or convex-plano surface configurations as viewed in

Cr 0SS- seqrbqiitntlyNef@uhnidred. ”Pﬁﬁnﬁﬁﬁalsﬁmiﬁﬁe% Bk (IeACHA ir%ai:tiée”ay be

desirable to provide an accommopdative intrao | ens system wherein the

I ' | di : vy | f 30.- 70.di opt :
Tar ni ng CRpre oY BlaSter RArRk el GRRGRSR Sty o nifos” ' °
and a1 rCEPHE RS 7m0k doct A PR oSl HF & Kpeve Ao REEPPIBLAR and

supports the anterior and posterior |lenses of the |ens systemin a manner
‘as previ I§isiga canpalsogbe qarzeqted by eeaventionpbrefrative sechnisyes.t Lai certain

instance of severe lack of accommodation these conventional procedures become

undesirable and alternative procedures are needed.
Although a youth of ten years in age has an ability to change the dioptic
15  power by fourteen diopters, this ability gradually decreases with age and by fifty
or so the ability of the human eye to accommodate variation in focal length
bécom&s essentially zero. This condition is referred to by presbyopia and a patient
often requires correction for both near vision and far vision. This can be achieved
by wearing bifocal glasses or contacts or undergoing refractive surgery for distance

20  and wearing glasses for reading purposes.

" In addition to the foregoing more conventional limitations on 20/20 vision,

in instances of juvenile disease, trauma, and more frequently through age, the

13-



DYy radially extending arns 70 whi ch project between the peripheral surface
of the 15 interior lens and the internedi ate surface of the elliptical
haptic 68. This support is illustrated particularly in Figure 14 which

di scl oses a schematic cross-sectional view taken along section |lines taken
t hrough the center of adjacent haptics 68 in Figure 13. The shape and

di opti ve power of each of the lens 62, 64, and 66 can be varied to suit a
particular patient's circunstances. In this enbodi nent, the 20 anteri or
lens is timatpralrecystallinentens 3¢ Beeomes #igid 6nd HAGED SR lHe iMhLEr "Ryl at e
| ens remains essentially axially stati onar;ql)?) g{sipt he ?&B?)%éfofr’]f@ri}g'er 0]
el ongat e, contltionriy eeferried @b ab Recatardel Fhichn WPl i lenl &N ove a
smal| degree but 2,p. ° less than the ant grqéocrog{)%fg ZI.'emf‘hv@fBg%lens

di stri butizabefa SaRberOh ried to suit the needs of a
specific pati S(:r‘ilt , ho&ev%%e?ﬁ?ifqﬁg'é’t%@g?‘}a?o%%rmﬁt %mﬂ?%lﬁt%ﬁrg’% Syegeny ied an

envi si one ' ' ' uld be, eight dipoters for the anterior |lens, ten
di opters ﬁ‘(#%ég %%{Hg%%t %’grﬁﬁg’f" aﬁ& g’biuprﬂ?eﬂﬂf%r%ﬂ fagpulaneopenigs ier i or

| ens. t atively, the anterior |ens may be four dipoters, the

i nter néldi gﬁ%“?%@sa%ﬁﬂf ‘gé angeriory visualkeenteraof the engoednteriedrby etrs irigyaiidy

di poters. -21  SUWARY OF MAJOR ADVANTAGES OF THE | NVENTI ON After reading
and under $hefhotmysifying f and pspirgtivgs tre hardemed! IdnbematyRINt | 0Ky 1bdd¢ one
conjunction with the drawings, it will be appreciated that several

advant agegro¢edure Hfer iceerthulsifivacivgd i iogh ; 0t ks . j
g SpHsic iflaciv(l ifiGition ﬁﬂ@et[splraﬁ% tlﬁoﬁégﬁefie'ngptai g to |

accommodative, intraocular |ens system are achieved.

set fort h Uditedftates Sldesing Palhe NG 81165660, ifee WPBEGTAl ASANLON 2D,
cl'udi ng ah

acconmodat i ve intraocul ar | ens system in 4l ¢rysta

posteri or | ttudinally, .elliptical haptics operably
serve to f(%ﬂraZ% gg&g&g@kﬁg ﬁ;rz?a(* PJ&?&/&E‘ OBfif, of oﬂﬁp%m%%ilbmametem“uat ed

capsukar an vi d acconmodati on_of four or nore diopters suitable
tor eg?or gsa %’3“3@%%‘\%‘*51”@?1%%%“@%& anfl helds il pesitiongby: redialiy exendipgry. A
si ngl e, a%er,i oréi!.gns enbodi nrent of the invention is advantageously

oper abl e tW3PHE- r dlthougl catanast surgenyiand psextjvincofmulintianahler s &/6le hEQS
designs find 15 use in providing full accommobdative restoration of vision
to presbyéfaayentdy performed surgical procedure in the United States, and has achieved a

considerable degree of sophistication and success, an intraocular lens is selected
with a diopter to achieve far vision and near vision must be corrected by wearing
15 reading glasses.

Finally, retinal disease of damage can impair human vision and one form is
known as macular degeneration which usually occurs with advance in age. The
symptom of macular degeneration can be alleviated, to a degree, by providing high
diopters in the 30 to 70 range such that the rods and cones available to receive

20  sight are utilize to their fullest.
From the foregoing context it will be appreciated that improvements in the

eye care industry can be made with respect to correction of vision such as myopia,

-14-



{n instances of retinal damage or degeneration, where high diopter powers
enhance vision, a three |lens enbodi nent of the invention can be used to
produce magni fication up to seventy diopters or nore. The elliptical ratio
of 0.96 provides a particularly advantageous degree of 20 rigidity and
flexibility such that a patient's ciliary nuscles, zonula, and natural
capsul ar bag are able to restore a patient's acconnndative vi sion w t hout

using oth b8ia0 t scrl ge |nvent|on
refer enceﬁzgés/rbgieae%rrra e it%olr%g %&?&ngf bﬁ%&ﬁ “S'J’ H‘&“ﬁ f»f@gﬁap tion
advant age he..art however nd famliar with the

i nst ant dlﬁggﬁ%g&rﬁeeﬁﬁf ljteﬁgal %Bfué‘c?fm? FUh?S Blﬁculﬁﬁaegeeebﬁjmnze addi ti ons,

del etions, nodifications, substitutions and/or other changes which will S
fall within the purview of the subject invention and clains. 23 CLAI M5 1.
An open accommpdati ve |ntraocul ar Iens system operabl e to be positioned
wi t hi n anQReB&hamberc Ellin LGOI cdatdeh, gn b Cystegn ext r acapsul ar
extraction of a nat uraI crystal I i ne I ens, sai d intraocul ar | ens system
conpri%ing: an anterior lens optic having a line of sight central

| ongi tudi nal axis; a plurality of arcuate haptics, each of said arcuate

hapti cs havi ngRafekHRE Incndo ilhredD, BEE jBetClifbedtttd 36 Yired@li%ohf g N

surface being attached to a peri pheral portion of sai ene optic

S s Lt

system said haptic exten n a ecF°f| rst

end to sa cBng 2. An .open accommd I ntragcul ar | ens system
oper abl e {:«% géet pos? ﬁﬁ%ﬂa%?ﬂf’ gc? Eéﬁgﬁldﬁc'ﬂ&& ghove. hiTken eye
fol | owi ng, ext r FiS“' ar extractijon of a

Intraocular lens system 40 includes an anterior lens 42, a posterior lens 44 and

10  haptic segments 46 operably connecting the anterior lens 42 with the posterior lens
44. As noted in Figure 2, the subject intraocular lens system 40 is substantially
elliptical in cross-section and operably conforms to the interior three-dimensional
surface of the capsular bag 34.

Turning to Figures 3 - 5 of the drawings, at sheet two, there is shown an

15  axonometric view of the subject intraocular lens system 40, a front view, and a side
view, respectively. The forward or anterior optic 42 is preferably bi-convex as
depicted in Figure 5 and has a diameter of approximately five millimeters for
positionipg within the capsular bag 34 immediately behind the iris 26. The power
distribution of the anterior and posterior lenses may be varied to suit the needs of

20  the particular patient, however, in a preferred embodiment the anterior lens is
positive and the posterior lens is negative. The posterior lens 44 is in visually,

axial alignment with the lens 42 and cooperates with the anterior lens to correct a

-15-



‘15 natural crystalline lens as defined in claim1 wherein: said arcuate
haptics are longitudinally elliptical haptics. An open accommobdati ve

i ntraocul

wher ei n:

ar |l ens system operable to be positioned within an evacuated
capsul ar bag of a human eye foll ow ng extracapsul ar extraction of a 20
natural crystalline lens as defined in any one of the preceding clains

the second end of each one of said haptics is joined to a

retaining ring at a posterior position of the intraocular |ens syste
sai d ret aweiregs visign.Oes Pobtr FIdLEEbUIRLAG thé s AASE BAdhRined ih faﬁsg;ﬁeﬂtalt he

capsul ar

bag upon insertion of the intraocular lens within a

4. An opegyReREIIRARIshfe ab i ?&Ed’?@gi%ﬁ@é 35¥%d &M F&pgiv«&?xgg %eg&o nggfgglge

wi thin an evacuated capsul ar bag o
extractio

wher ei n:
posteri or
abut agai

human eye fo

; ] | def.i ned i | ai 2
EpB el 4 ByeorcAR AtBelF Raf Joltjpilis) &re pEeed el

| Li f the int I I t d bej bl
ﬁ@‘?’gleﬂé%g‘b@f‘se?‘iefﬁ”hged{‘?oc tg][thpens, system and bei ng operabl e

m and

man eye. 24

itioned
| ar

to’

[fubieshinyention including antesior densn of

the intraocular lens within a human eye. An open accommodative, intraocul ar
| ens sYst Eashigped apvith t @ peopeasiotplanard 1eongAYhENVEN, e\anduatenyesspncivar bag

of a human eye foll ow ng extracapsul ar extraction of a natural

| ens as d
of haptic

crystalline

edufigetationsarin osimilak thimmepy theeptisteyior! lanhsTmayhdseéxhibis @hdni-ﬂgﬁr ality

s conprise three elliptical haptics spaced about the perip

sai d ant esf physiclJePforfatibd PossibilitRld ST BEHL CEREN e ¥ cohvix! G0 piHAT ibens
system operable to be positioned within an evacuated capsul ar “bag of a

T Y CofdRh MRy thi AFARR) ALudd XeblE thOh Bhreull Bhdlne (38 42C | NS

as defined in any one o

e precedi ng clains erel n:

ery of

Cross. secPRISIENFbpidat Fron Ahr kBt Bifds' ot ippbmemen(iie| GHAMEG

10

15

however other materials may be utilized such as glass, silicone, or acrylics
provided visual clarity, refractive ability, and bio-compatibility are all maintained.
In the subject invention, the anterior 42 and posterior 44 lenses are coupled
together by a plurality of longitudinally elliptical haptics 46. The haptics are
connected to the peripheral edges of the anterior and posterior lenses by stalking,
integral formation, gluing, or other known techﬁiqu% and are positioned on the
peripheral edges of the lenses m equidistant peripheral locations. In a preferred
embodiment, the haptics subtend an angle of thirty to forty degrees as viewed in a
direction of line of sight, note Figure 4, and extend outwardly approximately nine
millimeters, in diameter, to approximate the normal internal diameter of the
capsular bag of the human eye. As shown in Figure 6, note sheet three, the haptic
46 is generally elliptical in a plan view and has arcuate end surfaces 48 and 50 for

attachment to the periphery of the anterior and posterior lenses as mnoted
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/. An open accommodative, intraocul ar |ens system operable to be positioned
wi thin an evacuated capsul ar bag of a human eye foll ow ng extracapsul ar
extraction of a natural crystalline |ens as defined in any one of the
precedi ng cl ai ns wherein: 25 the transverse cross-sectional configuration
of each of said plurality of haptics is substantially simlar in shape to a
circular arc having a radius of curvature of approxinmately 4.5 nm An open
accomodati ve, intraocul ar | ens system operable to be positioned within an
evacuat ed2hoXps &h £rosssgctism, 4he hapticselfcaregircuatienyotedigones gsuida?, andthavet i on of
a natural crystalline lens as defined in any one of the preceding clains
wher ei n: s aadiupblicwtvaturealf apppoximatelykchmilliavetersakiol ehdlsled fHachapticboht of
the anterior |lens, extends outwardly at an angle of approximtely 30 to 40

degr ees  afifbaihlyctolifitin fo (R iBRLTRRLFIaBELNEN SPAUAEH MY papout sai d |ens.
9. An open accommodative, intraocular |ens system operable to be positioned

Wi thin an evaopgd e‘glaﬁg.?sgkararpagrggrﬁ@%ggmggﬁgi 1;? |l g% Lasansul ar

extraction of a natur crystal F'ine r ens Aot i ned

inclaim furt he S .CO I Si ng: osterior ns opiic having a

cent r:ﬁ IﬁJPne o)%‘%tﬁﬁ'tai gi‘i‘ Eagﬁﬁ %P‘%‘i{‘ﬁ“ﬁ%&m@e‘?ﬂ% | thF BREETIOF oZiRAteriaki s of
said anterior lens optic; said plurality of haptic means connected to and

| ongi t udi 1§Bi&sy IBéFW@g‘h"?éWearﬁ B1aydhe esirablgte @aiea the ovenalloveightrof the t he
direction of said line of sight axes for 20 partially supporting said

| enses wi infaqculae lenssystent within thedintenioni of a pgtient’sieyes e Iinthis linstaddeathe bet ween
said anterior lens and said posterior |lens. 10. An open accomodati ve,

i nt r aocul apticed caty blecrdvapergebisty compesedost & ipub@sopyliehd MateriAVinsias 8d

capsul ar bag of a human eye foll ow ng extracapsul ar extraction of a 26
specific gravity of approximately 0.91 and thus the combination of the PMMA
10 optics and polypropylene haptics offset and the lens system is approximately
neutrally buoyant with the aqueous humor. In addition, the haptics can be
advantageously composed of an acrylic having a water content of 2 to 30 %, a
hydroxyethylmethacrylate (HEMA), or polydimethyl siloxanes.
Although three radially extending haptics covering arcs of 36 - 40 degrees
15  each, such as shown in Figures 3 - 5, constitute a preferred embodiment of the
invention, other haptic arfangéments of from two to five or more in number are
envisioned and can be selected by those of ordinary skiﬁ in the art to satisfy the
requirement of sufficient flexibility to provide the accommodated focusing of the
lens system and simultaneous stiffness to maintain the axial position and
20 orientation of the lens optics.

Turning to Figures 8 - 10, there will be seen schematic illustrations of a

portion of the subject intraocular lens system positioned within a capsular bag 34
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‘natural crystalline lens said intraocular lens as defined in claim9 and
further conprising: an internediate |l ens optic positioned between and in

vi sual axial alignment with said anterior and posterior |ens optics; and
said plurality of haptic neans connected to said anterior lens optic, said
posterior lens optic and to said internediate | ens optic and bei ng operabl e
for supporting said, lenses within the capsular bag and pernitting rel ative
accommodati ve notion of said anterior lens with respect to said posterior

lens. |10 13nd pAréearly dlustraserhin Figure Atancelliplical chesaectinbhPom@Rudaiddgs i n
claim9 wherein said plurality of haptics conprise: three longitudinally

arcuate, helist heptiQdé iviteseial thy mgiacpebvichduby the hepti RDSF #e bilffRe Shers fild
u

first and second |l ens optics. 15 12. An open accompdative, I ntraocular

| ens syst elength Beif 0080 Itrhag bakindBte@h& that thid rRiid ri@bétﬁﬁim?ﬂc foE%E’éii{;‘?mé‘pace q

conprise: four or five longitudinally arcuate, haptics periphera

about the perth®RAlady mubAeChndd) d 5% 0 |l ens,optics. 20 13. An
open accommodati ve, B,i ntraocul ar OF%IE]S a%{/‘%?&%@%r glgel g?%‘ﬂfﬁ"%s‘?t?’i%’é@f

Wi thin &he,.d ' (o] M .acuat ed capsul ar, bag of a human eye, as
defined in ¢ og%xﬁ;ﬁ; %ﬁ%ae&lesl?o%: %@1 %a?’b‘r '? r II%‘h‘s%ﬁffF‘i“c 48onppltbeughy this

bi - convex Ier}s ha‘i\l/i n&r a%egonv X, .,spheric, anterior surface and a convex,
spheric, pBUlEITBYON Iy Prelerred,qit js eppigioned thathe mure djneat ammngémeein gis

bei ng placed within an evacuated capsul ar bag of a wearer's eye; and said

second | enforBpef & trigngle Mitbsraxnded caxmers amayehe ttiivedte\ddRentags BRGATE fHaher i C,
anterior surface and a convex, spheric posterior surface, as viewed from

the per spewaterialothicinesd ek cinfigngatidrieanainifoth Mekibfe MPGHALATCAPSUl ar bag
if a wearer's eye. -

Referring again to Figure 8, a peripheral zone of zonula 36 is depicted

10  which extends peripherally about and is connected to the capsular bag 34. In a
condition when the ciliary mﬁscle 30 is relaxed and retracted peripherally
outwardly, the zonula 36 will be tensioned outwardly which will pull the equator of
the capsular bag 34 into a configuration shown in solid lines in Figure 10. This
position of the capsular bag and the location of the anterior and posterior lenses is

15  optimum for vision at infinity.

When the periphergl ciliary muscles 30 are constricted the hoop dimension
is radially decreased which releases tension on the zonnuals 36 and the capsular
bag, biased by the natural shape of the intraocular lens system 40, assumes the
condition indicated by phantom lines in Figure 10. In this, the natural memory

20  shape of the elliptical haptics 46 repositions the anterior lens 42 with respect to the

posterior lens 44 axially and is the position used for focusing on near objects down

to 250 millimeters. In a preferred embodiment, the subject intraocular lens system
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14. An open accommodative, intraocular |ens system operable to be
positioned within the interior of an evacuated capsul ar bag of a human eye,
as-defined in claim9 10 whérein; said first lens optic conprises a

bi - convex | ens having a convex, spheric, anterior surface and a convex,
spheric, posterior surface, as viewed fromthe perspective of the |ens
bei ng placed within an evacuated capsul ar bag of a wearer's eye; and said
second lens optic conprises a convex-planar |ens having a concave, spheric,
15 anteri 6?°%°§?‘F%1c‘é‘“&rf§e Lilarynmusgles madi zonuluphdceapsalarvbagvta fermiin tahe
perspective of the Iens being placed within an evacuated capsul ar bag of a
vear er' s &glative gxialmationrofathe cmteritat lene withniespeut th ahe |pREGrisY J6RNBOPOr abl e
to be positioned within the interior of an evacuated capsul ar bag of a

hunan eye miliinetedsi aratiaigowet @oftedtiard oMASdihters. SThik §dchiimddbs Ri%ioﬁ of
conprises a bi-convex | ens having a convex, spheric, anterior surtace and a

convex, .Sphekikjectd SRSl fots’ A58m 35 MhE Ju%&ﬁla{i&‘il P%?pgg@‘%g ;23

| ens being placed within an evacuated capsular bag 0 r

28 said 9 | Bfiaf PdveC Vi n I pl anar anterior d posterior. surfaces
and thﬁs S?gl\q/llp ing No ?e‘%yfagpﬁo{#u fgl Pﬁﬂ?ﬁﬁag’sipﬁ&“f‘ﬁ?‘g&gﬁgﬁtﬂg doaided | ens

fromcurvature of.the |lens surfaces. 16. An open accommodati ve, intraocul ar
| ens syst@fﬁoﬁblgrglﬁ'@‘to be positioned within the interior of an evacuated
capsul ar bag of a human eye, as defined in claim9 wherein: axial spacing
of the first |AHRough P@fegét‘wdr@lpdémenfoofttheselnjectrntcbmnmdaﬁt'é intradealar
positioned within an evacuated capsul ar bag of a human eye, is such that
the cili aleps spstemduisdeed disclessdaiddistussapiarobhection with Fureds 3gS gfEpdat i ve

axial, line of sight, displacenent of the first optic lens wth respect to
the secongrefpired eafboddREtY ielRt Mith KBPRct to specific applications such as disclosed
10  in Figures 11 - 14. In this, Figures 11 and 12 disclose elliptical haptic, intraocular
lens systems utilizing a single anterior lens body 52 which may be used to
advantage for the correction of mild to severe myopia (nearsightedness) or
hyperopia (farsightedness). In this embodiment, a plurality of elliptical haptics 54
connect at a first end to a peripheral portion of the first optic 52 and at a second
1S end to a stabilizing ring 56 posifioned in a location posterior to and in axial
alignment to the optic 52. Thls embodiment is operably received within an
évacuated capsular bag in a secure and stable manner similar to that shown in
Figure 2.
In an alternative embodiment of the invention a single lens optic 58, as
20  depicted in Figure 12, is supported by elliptical haptics 60 having a first end

connected to a peripheral rim of the optic and extend to free end positions to a

location of posterior proximity. This lens will also snuggly and accommodatively
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‘A47. An open accommodative, intraocular |ens system operable to be
positioned within 15 the interior of an evacuated capsul ar bag of a hunman
eye, said intraocular lens systemconprising: a first |lens optic, operable
to be positioned within an anterior portion of an evacuated capsul ar bag of
a human eye, having a central optic axis; a second lens optic, operable to
be positioned within a posterior portion of an evacuated 20 capsul ar bag of
a human eye, having a central optic axis coaxial with said central optic
axi s of fiai withinr ah leeatnatedt icapsuar dbage fandusecis arirectionhavf noyaepis omodve,
spheric, anterior surface; a first flexible longitudinally arcuate haptic
bei ng ar gypérepian the direction of said central optic axis and having a
first end and a second end, said first haptic extendi ng between 29 sai d

first and secqqy dolseOiia toRfgfliloRChf he SBAREARIIAL Hhsh Shr 3f B0 L0

said first lens optic an irectly connected at said second end to said,
second | en tic respegtively: anpd at ast a segond, fl exi bl.e.

ongi t uarefes dEPRRALIR Fleref 18 s 1o Baviof 5880 dof e afpemated, 4
central optic ,axis and having a fjrst. end and,a second end, said second.
hapti® eXeEAcegPYRAiEe AUt df ds erFE"'F“élnEPaée@’c?nbeqse ijhig CenCAXErconYeet | v
connected at said first end to said first lens optic and directly connected
at sai d planemebnzex) arcopdexiplaosutface penfigirationsapuiewed & grosgseeton.

| ongi tudi nal ly arcuate haptic operabl e when positioned in an evacuated
capsul ar bag tin cextaéinthstances gack raal hycidar idegemwarhtion it/ maynbé desirdblelitoal
cross to section and to follow the contour of an interior surface of the

evacuat e¢rs#as YWndcchthnditiVe ihfrabodid 1S G95Wm WherddRithe ferBS capdlle b be
supported in general visual axial alignment within an evacuated capsul ar

bag by saj k Jafel! i L 1 t&ﬁ& a I cond

| ongi tudi%ﬁg '{d?/l{ %é@lfg?gg “%gg{’%%%nfﬁﬁ% Z%al s'% &én'gg%lg'?%go gi p%?tﬁiaaﬁﬁy
interjior surfaces of the evacuated capsul ar bag and the ciliary muscles of
a 15 Wearl® thereis,dhowpn %8&%"5‘}30{’%%’ g a&?‘f‘%rf& Step Bﬁ&%%gﬁteﬁlc%nect ed
to an exterior surface of the evacuated capsul ar bag being operable to pull
on the eJeRs §2c8 Rostesiaralensy 64, and amdntermedjage Hfﬁ%‘cﬁg afB Qq“@“c&l digptic

hapti cs being operable to selectively vary the distance between said first
| ens opt isystend 68 sudramds ramd supportst the amtenigriansd pesterion lemses of the lensf sai d
first lens optic and said second lens optic and facilitate accommodated 20
Vi si on ofsygtenSitl £ madhet B previciaBCddseribed:n Theintermedible leAR 66 iesupported
accomodati ve, intraocular lens systemas defined in claim117 wherein said

at |east gy extBhdiHB afms! R WhitBProfect BERVdencthe pRripAEAN Jurtick 6 fhei r d,

| ongi t udi na? y drcuate, haptics and said first, second and third 30

hapt i t».%&g%rﬁlg%;s BRE VA IntertREAEHR Pt o RO AUliptRar BaBHR 682 *1flis'supPbre 2

second | e

is illustrated particularly in Figure 14 which discloses a schematic cross-sectional
view taken along section lines taken through the centef of adjacent haptics 68 in
Figure 13. The shape and dioptive power of each of the lens 62, 64, and 66 can be
varied to suit a particular patient’s circumstances. In this embodiment, the
20 anterior lens is the principal moving lens during accommodation, the intermediate
lens remains essentially axially stationary, as the support members 70 elongate,

with movement of the zonula, and the posterior lens may move a small degree but
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“19. An open accommopdative, intraocular |lens systemas defined in claim18
wherein: said first, second and third, longitudinally arcuate, haptics when
viéwed in a direction normal to an anterior face of said first lens optic,
extend outwardly froma periphery of the first lens optic at an angl e of
approximately 30 to 40 degrees and said haptics are equally spaced about
the periphery of the optic. 10 20. An open acconmodative, intraocular |ens
system as defined in claim19 wherein: said first, second and third,

| ongi tudi nal ly arcuate, haptics when viewed in longitudinally cross-section

are el li pldse thante ariteriof lds G2, €Thé PoRe HistRBhfsd BPEE&l?’oPthQQSn%\%lgP’@e op(in

accommodative, intraocular |lens systemas defined in claim1l ein: 15

t he crossg [ h&idr ad LO e f id fikst, second a hird
napt oo ¢ ¥ ancs o9 8t BRTRLA of bokbedincrRibl) p8fefor 3 reSCERERAY 1 1)
circul ar j a. radi.us of ,curvature of roximgtely 4.5 mm 22.
An open ag@ ﬁ’%gggt}? %ﬂg‘il Nl %"éﬂ?%ﬁ"‘{ fllfﬁréb'é eWPﬁ@agng‘ PPteEs fomther
wherein 20 saj d at Ieas@ea second, arcuate, |lens haptic conprises: second,
third and®RiSHOF Hens, otegi dignters fox, the dntermediate,lgnss andnfous digoters far, tisecond,
third and fourth haptics being peripherally spaced about peripheral rins of
sai d f¥rspogeriondewnd |Adtesnativellns the3lanterd®: léms apan be dounndipoterss, the

i ntraocular | ens systemas defined in claim 17 wherein said at |east a
second, aimeranaliafedeass inapbie fomodipoiesssindstieodteriobilémd twety dipoRd fifth,

| ongi tudi nally arcuate, haptics; and said first, second, third, fourth and
fifth haptics being peripherally spaced about peripheral rins of said first
and second |l ens optics. 24. An open accommodative, intraocular |ens system
as defined in claim17 wherein said at | east a second, arcuate |lens haptic
conprises: two, or nore, longitudinally arcuate, haptics each having a
first end and a second end, 1o each of said longitudinally arcuate haptics
ext endi ng between and connected at said first ends to spaced peri pheral
portions of said first lens optic and connected at said second ends to
spaced peripheral portions of said second optic. 25. An open acconmodati ve,
intraocular |l ens systemas defined in claim17 wherein: 15 said first,

| ongi tudinally arcuate, haptic and said at |east a second, longitudinally
arcuate, haptic being also arcuate transverse to the direction of said
optic axes so as to operably fit snoothly within the interior of and abut
agai nst the interior surfaces of the

21



‘evacuat ed capsul ar bag of a wearer of the intraocular |ens system 20 26.
An open accommodative, intraocular |ens systemas defined in claim 17
wheérein: said first, longitudinally arcuate, haptic and said at |east a
second, longitudinally arcuate, haptic being generally elliptical in a

pl anar perspective prior to attachnent to periphery positions of the first
and second | ens optics. 32 27. An open accommodative, intraocular |ens

system as defie ['mllﬂﬁ' N j j | ' y arcuate,
hapti c and sai d%at eas@ﬁmf@%éﬁ?gﬁ%%h%*gﬁgﬂmf@%t ic are.

generally rectangular in a planar perspective prior to attachnent to

peri phery positions of the first and second | ens optics. 28. An open
acconmodative, intraocular |ens systemas defined in claim 17 wherein: said
first and secoAdterdradipgandandenstanding the Seregeias Mesorintion of the inyedtipmns
haptics are all conposed of polynethylinethacrylate material. 10 29. An -
open accoimpekitnction withrthe cirhwingseitsvitlyist apprasiatef that devieral aldsameages sther ei n:
said first and second | ens optics are conposed of pol ynet hylinethacryl ate
mat eri Al ; teadulsjactdidiproved apen Setiathtakr, leRRftical s@ommtbdative, haRkcsRraess al | -
conposed of pol ypropyl ene having a specific gravity of less than 1.0 and
thus provisgitéif ab helkevddioyancy for the Iens optics when the intraocul ar

|l ens is positioned within the aqueous hunor of a human eye. 15 30. An open

accommodati ve, 0 . S SV i N WNeclaim wherein: said
first and secor‘lﬂvdj[ql %lﬁs&%gp??étédf {:}r 5&(3‘3%@%@?}52@%83%&%%f%ﬁeﬁyﬁkﬁ ﬁg@;"% ate
material ; ,and .said first %nd aj | east%_z% second haptjcs are conposed of an
acryli c miR¥epfian ap ascommodgpive intrgocy t%?ﬁsyé*e“bé%ci)%%ﬂlg sumpieniondens and  An
open accommodative, intraocular lens systemas defined in claim17 wherein:
sai d firstposterios deahsonpled withi longitndinglyh eliptiseb ddptiés operably serve to
pol ynet hyl net hacryl ate material; and 33 :
10 replace a natural crystalline lens within a patient’s evacuated capsular bag and

provide an accommodation of four or more diopters suitable to restore bifocal

vision to most patient’s following cataract surgery.

A single, anterior lens embodiment of the invention is advantageously
operable to correct both myopia and hyperopia and single or dual lens designs find

15  wusein providing full accommodative restoration of vision to presbyopic patients.

In instances of retinal damage or degeneration, where high diopter powers
enhance vision, a three lens embodiment of the invention can be used to produce
magnification up to seventy diopters or more.

The elliptical ratio of 0.96 provides a particularly advantageous degree of

20 rigidity and flexibility such that a patient’s ciliary muscles, zonula, and natural

capsular bag are able to restore a patient’s accommodative vision without using

other vision correcting devices.
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'said first and at | east a second haptics are conposed of

hydr oxyet hyl net hacryl ate. 32. An open acconmobdative, intraocular |ens
system as defined in claim17 wherein: said first and second | ens optics
are each conposed of pol ynet hyl methacrylate material; and said first and at
| east a second haptics are conposed of pol ydi nethyl siloxanes. 33. An open
chanber, accommobdative, intraocular |lens systemas defined in claim17
wherein: 1 o said first and second | ens optics are each conposed of

pol ynet hyl met hacryl ate material; and said first and at | east a second

| ongi tudi nal |y arcuaLe,hapLic,segnents ?re conposed of ag acryli? mat eri al
havi ng a speci f# cdgpcEbing, thes inveRtipn.o felergnces hag EF?R/i'EPé Bf & cPLefes
positive buoyancy with respect to the negative buoyancy of the |ens optics.
15 34. Anembodimendsrisad illustrativoadvantages; thosgodkillesk in ghes axty, hawavenenb| e to
be positioned within the interior of an evacuated capsul ar bag of a human
eye, as ddhmilimt withcitied rimstdntvdiscbosore soefi thef isnbject dneendion, cmap npecbgse a

bi - convex | ens having a convex, spheric, anterior 20 surface and a convex,

spheric, R@altRnkOteletiodsd GRoABcHiHAC dubdtRAidkcaDbF POEdr dfangks WhicH ®4IF bei ng
pl aced within an evacuated capsul ar bag of a wearer's eyes; and said second

| ens OB Gaff QA BRSpAVRINGEUR GBRKPInvefioy BRY HAmg concave, spheric,
anteri or surface and a convex, spneric, posterior surface as viewed from

t he perspective of the | ens being placed within the evacuated capsul ar bag
of a wearer's eyes. 34 35. An open accommodative, intraocular |ens system
operable to be positioned within the interior of an evacuated capsul ar bag
of a human eye, as defined in claim1l7 wherein: 5 said first lens optic
conprises a bi-convex | ens having a convex, spheric, anterior surface and a
convex, spheric, posterior surface, as viewed fromthe perspective of the

| ens being placed within an evacuated capsul ar bag of a wearer's eye; and
said second | ens optic conprises a concave-planar | ens having a concave,
spheric, anterior surface and a planar posterior surface, as viewed from

t he perspective of the 10 | ens being placed within an evacuated capsul ar
bag of a wearer's eye. 36. An open accommobdative, intraocular |ens system
operable to be positioned within the interior of an evacuated capsul ar bag
of a human eye, as defined in claim17 wherein: 15 said first lens optic
conprises a bi-convex |l ens having a convex, spheric, anterior surface and a
convex, spheric, posterior surface, as viewed fromthe perspective of the

| ens being placed within an evacuated capsul ar bag of a wearer's eye; and



said second | ens optic having biplanar anterior and posterior surfaces and
thus providing no refraction of |ight passing through the second | ens from
curvature of the lens optics 20 surfaces. . 37. An open acconmpdati ve,

i ntraocul ar | ens system operable to be positioned within the interior of an
evacuat ed capsul ar bag of a human eye, as defined in claim217 wherein: 35
axi al spacing of the first lens optic with respect to the second | ens
optic, when positioned within an evacuated capsul ar bag of a human eye, is
such that t(HAMS:iary nuscle of the wearer is operable to effect an
accommodati ve axial, line of sight, displacenent of the first optic |ens

W th respect to the second optic of approximately 2 mm 38. An open
accomodati ve, intraocular | ens system operable to be positioned within the
interior of], an RMAGH4RT ri hgﬁg@ efined in claim
17 wherein: 1o axi al saggbcrﬁﬁga%t%v%f ’f?tgl%??drﬁsrtlgrllse S glp |egab\}\n bderpeossgleogféto t he
second | ens; ! I.i.Loned-wthin a vacuat ed capsul ar hag of a
human eye, %‘Ingﬁ)xg%rgﬁva\téﬁ%? d? eShE:air F%?{,fy\hﬂgﬁl} @’egpﬁ?\ﬁgl%gp%arps lar gxieactpm ef 2 o

ef f ect vi sual. accommodati on.of four diopters. 39. An open accommpdati ve,
intraocgl aPaiuEg] erysialling lens; S@aflmﬁ"é}ﬁulaﬁle@ﬁﬁ%ﬁ@?omﬁéﬁléghz 15 the optic power
of said first lens optic is positive and said second |lens optic is
negative. 40. AAn@pEHontendaptivlavinga linghofsight wbural lemgitudinat &ds;oper abl e to be
positioned within the interior of an evacuated capsul ar bag of a human eye,

sai d i ntraocul ar phealtysfateiatedrptics, 8adhdsf sdid AAcuathicOhavifPs 120 h with
operable to be positioned at an anterior portion of an evacuated capsul ar

bag of a humafuekend RaMhAYsd sRAMeRhd shitfeHeiny! a@éﬁ&h&%%@e@ﬁ%ﬁf;@{ﬁé%g{ ens

optic, operable to be positioned at an posterior portrio ed

capsular b [N ntral line of sight.axis coaxi al
W eh sa o oo Aol REEBHEY S MSHIIONARPLL § o pob B Sposiialioraft inraodiiy
posterkgr hggs % tic.ﬁﬁvin% %aﬁoncav , 36 .. spheric, anterior surface; a
first hapti® TESHD ¥EhABLCSFBAedR pyonedtuding! dissetipn fwnhsaid firss endvsesaidai d
anterior lens gptic and said posterior lens optic in the direction of said
i ne of si §ffon £8& of the anterior and posterior lens optics for partially
supporting said lens optics within the 5 capsular bag and permtting
relative axial notion of said anterior lens optic with respect to said
posterior lens optic while maintaining said posterior lens optic in an
essenti al | . st atAinaspeh Yicsiibifive, ﬁ&do@qarllaﬁ%&s@m%?% S ﬂaao%tdo‘éit{éﬁéd‘s .

n sard anterior lI'ens optic

connected directly to and longitudinally betwe (

and said p ' I Gy | recti of sajd |line of sight_ axes t
o of the aﬁﬁ%ﬁ ééfévék‘gﬁg%g’g’[éw%?% %}r}aghlg%%ll ef?;se f?@?wlﬁlgref‘hﬁ%p§&§ﬁ??ﬁ{?ﬁl hefzai d

| ens optic 1.5 hi e ,capsul ar bag .and rmtting relative axial notion of
sai d aﬁ% erlﬁ%twaltl g#})sgtatggle’l%n_ St‘#%PS‘gB]e‘i}?ml be’gﬁ’ieéf“post erior lens optic while
mai ntai ning said.posterior .lens optic in an essentially stationary position
to provide accoﬁ?i'gﬁﬁftllﬁ?élamlgﬁ ¥p langitydisally elliptical haptirspt i ¢ means bei ng

fl exi ble and operable to extend in a generally elliptical curve in 15

| ongi tudi nal cross-section when positioned in an evacuated capsul ar bag and
to follow the contour of the interior surface of the evacuated capsul ar

bag. 41. A8. opeAnapenavadahodgive] intracutdt1éds sy§iem SpeEILEMoMRY RfloRed O bE
positioned within an evacuated capsul ar bag of a human eye, as defined in

clai m 40 whethii 4h Sabehtéd cdRaRE bab G R TERE éﬁgﬁfaygggf%%ﬁﬁ%%fecond

and a third haptic nmeans connected to and-longitu

anterigy | eng 9Bt ' riQr leas optic. 42.. An open

acconmodat i ve. ?%S%gg%ﬂfgﬁsﬁigﬁggiglsgﬁn&ﬂngSg%tfﬁgceﬁﬁlgo‘éalﬁﬁéﬂqr@ﬁed within 37

an evacuat ed caﬁlsul ar_ba (%f ah humafn eye, .as, defined in claim4l wherein:
e'second end ot each one of said haptics is joined to aretaining ring at a

posterior position of the intraocular lens system and said retaining ring operably abuts

against the posterior surface of the capsular bag upon insertion of the intraocular lens
within a human eye.
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said first, second, and third haptic neans are shaped in the formof a
partial ellipse in longitudinal cross-section and the ratio of the ellipse
is approximtely 0.96. 43. An open accomopdative, intraocular |ens system
operable to be positioned within an evacuated capsul ar bag of a human eye,
as defined in claim42 wherein: the cross-sectional configuration of each
of said first, second and third haptic neans transverse to said |ine of
sight axes is substantially a circular arc and having a radi us of curvature
of approximately 4.5 mm 10 44. An open accommpdative, intraocular |ens
system operable to be positioned within an evacuated capsul ar bag of a
human eye, 4as defr open accominatlanive3intheddirlenssisnt dgesdble fRSORitamed t hi rd
hapti c neans, when viewed along the line of sight of the anterior |ens

optic, exteffsn BUEVRLSEY calsuml bad et @hﬂﬁa@%r@ﬁbﬁﬁfgeéxﬁngé sﬁi%gléﬁga%tigﬁ'gf jhe 15

spaci ng between said first, second and third haptic ans

appr oxi mat gl AQ. degh £, 451t RPARACEOMRAaLLve, [ nt raccular | ens

system opera%‘lre to be positioné im af evacudt ed capsul ar bag of a
human eye fol |l ow ng exiracapsul ar extractioon of a 20 natural crystalline

| ens, sﬁi d int r\é\ifbec%f:%rt‘ ?@n%peé’g]%f’%ﬁ? 3pdrtig fregmt é%@@@ﬁt@ﬁmr@ﬁﬁé@tqf\ﬂ@ | ens
optic, operable to be positioned at an anterior portion of an evacuated
capsul ar bagfraseular legsaystay end being opsrableito abut egrinsttthy podterits sorfadecofitai ng a
i ne of sight central longitudinal axis; a first haptic having a first end
and bei ng cepruérbegupen saertiof iof e irtnabedlar ok Mithioa BuBén eyfer i pheral portion
of said anterior refractive lens optic and a second end and said haptic

being flexible and extending in a generally elliptical curve in a
| ongi tudi nal crosssection and being operable to follow the interior contour

of an evacuat ed I a; n terior portion to a
posteri or lS()rti on fég%rg@gfiga};‘/ebglgg g&ﬂ%ﬁéﬁsﬁ%@gj@qaa}ﬁa%ﬁe qogﬁglneg second
hapti c 1E}avi ng?a first tend anﬁﬁrgei gg ﬁonnect ed at said first end to a

peri phélal "BorT PRRVASHAEd Fapsular Bag o a humaneye follovingexgigeansulanexteacier efel end,
and said haptic being flexible and extending in a generally elliptical
curve in | GAGrH caysHalinelepsas defined dmanyaong o shareogsingtiniens whéreint ow t he
interior contour of an evacuated capsul ar bag of a to human eye from an
anterior porti osaideluralysiférpties cooprisothreds elipiaphagtits spagd abow theiman eye
and said first haptic and said at | east a second haptic extending in the
direction @eripladrgof $aidambris lghd ogtent ral | ongitudinal axis to forman open
el liptical shaped haptic accommodati ng support for the anterior refractive
optic lens operable to be positioned within an evacuated capsul ar bag of a
human eye. 15 46. An open accommodative, intraocul ar |ens system operable

to be Si td one i.thin an eyacuated c ul ar bag of human eye fol | ow ng
ext racggsuﬁar e%‘n \rl\éarg?ftl ia(@)?lorg@oggthva?t r&?“@&?ﬁ‘fsaﬁyﬁeﬁ’eoﬂeé?@e fcbepasitiggdin ¢l ai m
45 wherein: .gaid anterior re% ctive lens is concave-convex in

cr oss- sect i"GHUR 3pevppuatggd capse E%%%%r%‘&ﬂ%‘l oxe follpwingrxiraeapshlansxtsagtivenf a
operable to be positioned within an evacuated capsul ar bag of a human eye
fol | owi ng @Rt crystaliing leasay defined in oty enerdthe precadiystlains wierkins as deened
in claim45 wherein: said anterior refractive lens is plano-convex in
cross-section. said plurality of haptics are shaped in the S form of a partial ellipse in

longitudinal cross-section and the ratio of the ellipse is approximately 0.96.

20

7. An open accommodative, intraocular lens system operable to be positioned
within an evacuated capsular bag of a human eye following extracapsular extraction of a

natural crystalline lens as defined in any one of the preceding claims wherein:
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39 48. An open accommodative, intraocular |ens system operable to be
positioned within an evacuated capsul ar bag of a human eye foll ow ng
extracapsul ar extraction of a natural crystalline lens as defined in claim
45 wherein: said anterior refractive lens is convex-plano in cross-section.
49. An open accommodative, intraocular |ens system operable to be
positioned within an evacuated capsul ar bag of a human eye fol |l ow ng
extracapsul ar extraction of a natural crystalline lens as defined in claim
45 wherein: |0 thetransyerselcionsisectibnal soufigiaptioncef eackeofsaihplucilitgdf haptias is
retaining ring at a posterior position of the intraocular |ens system and
sai d r et ai Rubstantiatiy siogitar b bhapaleit siragad 46 having @ sddéus sficustatdraee of the
capsul ar bag upon insertion of the intraocular lens within a hunman eye. 50.
An open acgpﬁﬁgg@ﬁayqdfdﬁjaocular | ens system operable to be positioned

Wi thin 15 an evacuat ed capsul ar bag of a human eye foll ow ng extracapsul ar
extraction of a natural crystalline lens as defined in claim49 wherein:
said at |east a second haptic conprises a second and a third elliptical

hapti c spaged about the periphery, of said anterior |ens gptic, 20 51. An
open accomodat %{b‘?pepr?f’?‘g'ﬁ@ﬁﬁ%ﬁveb Hytrao %rﬂéﬁ‘*ﬁ Ypleranerabiotoe nosiionedned

wi thin an evacuated capsul ar bag of a human eye foll ow ng extracapsul ar

ext ract i on vothimamexraguaied eapsutanbhg nfa hunan e fddéwingekximcapalaneSactitreofd n:
said first, second, and third haptics are shaped in the formof a partial

el |'i pse i nnhtwraictystilliizd lens asdefed in aty arbtiepreedding dhintshehetihi pse is
approxi mately 0.96. 40 52. An open accommobdative, intraocul ar |ens system

operabl e to be p@gipliaREhWabtis)whbn SMaH ARG KRR B R BY tHefanferidi IR eye
foll ow ng extracapsul ar extraction of a natural crysta%l ine lens as defined

of said 1Al Slad DR Al GRS BR A RRRL R R Mod BRI or

NaVING 3 T gkt Pbeify byated cuatly SBRII BRES Y 45 M

9. An open accommodative, intraocular lens system operable to be positioned
within an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens, said in_traocular lens as defined in claim 1 and further
15  comprising;
a posterior lens optic having a central line of sight axis coaxial with the central
line of sight axis of said anterior lens optic;
said plurality of haptic means connected to and longitudinally between said
anterior lens and said posterior lens in the direction of said line of sight axes for
20 partially supporting said lenses within the capsular bag and permitting relative axial

motion between said anterior lens and said posterior lens.

10.  An open accommodative, intraocular lens system operable to be positioned

within an evacuated capsular bag of a human eye following extracapsular extraction of a
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53. An open accommodative, intraocular |ens system operable to be
positioned within 10 an evacuated capsul ar bag of a human eye fol |l ow ng
extracapsul ar extraction of a natural crystalline lens as defined in claim
52 wherein: said first, second and third haptics, when viewed al ong the
line of sight of the anterior lens optic, extends outwardly at an angl e of
approximately 30 to 40 degrees and said haptic segnents bei ng spaced

equal ly said optic | ens. 15 54. An open accommodative, intraocular |ens
syst em opemard crystallinglens sdid insthonilahiens ardedinad iratleith © apd filréter bag of a
human eye foll ow ng extracapsul ar extraction of a natural crystalline |ens
as defi ned compokiagm 45 wherein: the second ends of said haptics are each
free and extend to a posterior position of the 20 intraocular |ens system

and bei ng oper ahhentboncidtt 1@@%%2%0&&&%%%&{%5 aﬁﬁl’iﬁ éﬁﬁa@&iaﬁgﬁgﬁﬁ%ﬁ%@ bag

upon insertion of the intraocu l ens wit a human eye

accommodat !sé(i@an{é:%f Qrgfg(%ﬁffridr?{ﬁﬁaoiﬁ%%nn& as defined in claim45 wherein: said

first haptic and sal eas second haptic are generally elliptical in
a planag 41 per.spective prior to attachnent to the peripheral portions of
aid ant éri or r eﬁli@fqrefétypgﬁ)gp%ﬁngs agpneciid tg said antermeng ADto.sald pastesioc ul ar
| ens system as defined in claim45 wherein: said anterior refractive lens
optic is cheapbe privasaid intermedistesens apsie.ang Beingropebie foc supportiiat saik,

i ntraocul ar I ens systemas defined in claim45 wherein: said anterior

refracti ve lénsemswithnitice ¢apsbliar bayatedperitiin® fetatbR Gkt GRmodivRdnodh SRS
accommodative, intraocular |lens systemas defined in claim45 wherein: said

anterior rehtefl6f leWewitBRSspRBth GailipoS@AYSEaLONCAVO i N cross-section. 59. An
open accommodative, intraocular l'ens systemas defined in claim45 wherein:

said anterior refractive lens optic is concavo-concavo in cross-section,
said first, second 15 and third haptics, when viewed along the |Iine of
si ght tq anterior | ens ogtic,.extenda outwardly at an angle of

appr oxiqrr)rat ely 36‘1&03626(’%%@?18 VgL araoqulpriensisystemaasifiefined ineglpign 8 plierein
equal l'y abou%‘ ﬁgi d I?ns optic. 60. An open acconmodative, intraocular |ens
system as SOfPHEYILY O hpptichoampyipr ei n:

three longitudinally arcuate, haptics peripherally spaced about the peripheral

rims of said first and second lens optics.

15 12.  Anopen accommodative, intraocular lens system as defined in claim 9 wherein

said plurality of haptics comprise:

four or five longitudinally arcuate, haptics peripherally spaced about the

peripheral rims of said first and second lens optics.

20 13.  Anopen accommodative, intraocular lens system operable to be positioned

within the’ interior of an evacuated capsular bag of a human eye, as defined in claim 9

wherein:
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20 sald anterior refractive lens optic is conposed of a silicone material.
61. An open accommodative, intraocular |ens systemas defined in claim60
wherein: said anterior refractive lens optic is integral with said first
haptic and said at | east a second haptic. 42 62. An open acconmopdati ve,

i nt.raocul ar | ens systemas defined in claim45 wherein: said anterior
refractive lens optic is conposed of a polynethylmhacrylate material. 63.
An open acconmodative, intraocular |ens systemas defined in claim45
wherei n: said aftiéddirgrlensgntigcompsis¢senbi-copyérxclenshaong e senvesf spheriacr yl i ¢
material. 64. An open accommodative, intraocular |ens system operable to be

posi ti oned anfetihf surfave endie catvent, sy prsteHagsu@face, WSS iR }@WeBve
extracapsul ar extraction of a 1o natural crystalline lens, said i'ntraocul ar

| ens syst e gpis sdinplacedl Rithifah Qvadugfea cg&hnﬁ bap8E QgJaegregg egg- Agsi tioned

Wi thin an anterior portion of an evacuated capsurlar htiman eye and
havi ng a central.,i 1o G IS erior lens.optic operable to be
posi tioned at ar?alglc)iosgfoenrgil?)@ %&%tc?gﬁﬁg?saaacf?%gélv&w&vg&Feg B@ﬁf‘%? CB‘E‘@VBf a human
eye andshavi ne%ﬁa?lgentral | i ne, of si)?ht axi s coaxial with said 15 central
Iine of °si GRETIGyPECTqT sUsface anft £¢qnypX. sehericansiesior sufaseppsstieredfiomdhe opt i ¢
having a concave, spheric, anterior surface; an internediate |ens optic
posi t i oned PEEPSHEEA oA Iems Raing placeshovishin shd eyapuated eapstilasbdgif amteardrareyand
posterior lens optics; a first haptic neans connected directly to said
anterior lens optic, said posterior |lens 20 optic and said internedi ate

| ens optic and bei ng operable for supporting said lens optics wthin the

capsul ar bddg. andup&ieiatédm@odflval jnﬁgoaﬁgqgﬁmgtgnv eFid 8{]’63{03@%59? anterior

|l ens optic with respect to said posterior |ens optic; an east a second

hapt | i 4 mnterior | Ny ast a sec
L PSSR G a0 I By S

cooper%i ngvh%i?'i .with said first haptic neans for supporting said | ens
optics within e capsul ar bag and permtting relative accomodative notion
of said anterior lens optic with respect to said posterior |ens optic; each
haptic means beS#§ firstdesmptic sampeipesradiitconvierdanplasing ooed/eksphesivacuat ed
capsul ar bag to extend in a generally elliptical curve in |ongitudinal
cross- sect kpfarignsirfage fimd & ommvielespheri¢, postendr supfacé, Ak @tdwakl o tiRcRrectine
evacuat ed capsul ar bag. 65. An open accommodative, intraocular |ens system

oper abl e t of thelmSHeiﬂgmafdeWﬂtﬁih!ﬁn@?ac@&t@@@%ﬁsﬁﬁr%ﬁ@ﬁf‘&Weaﬂ%??? e?é; aifihun'an eye
foll ow ng extracapsular extraction of a |0 natural crystallfne l'ens as

ol i ptical hapt o kA8 EIsbrdE EhEeld oot B bEn AR ARy Peteei,
d d i I ptigal hapt. idfirst, d d third hapti
bei ng. <pacanARbhPE® Kt bl aRHoE etk teribrod s sea RS ehbeopt i Co.

lens being placed within an evacuated capsular bag of a wearer’s eye.

15. An open accommodative, intraocular lens system operable to be positioned
within the interior of an evacuated capsular bag of a human eye, as defined in claim 9
20  wherein:
said first lens optic comprises a bi-convex lens having a convex, spheric,
anterior surface and a convex, spheric, posterior surface, as viewed from the perspective

of the lens being placed within an evacuated capsular bag of a wearer’s eye; and
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15 66. An open accommodative, intraocular |ens system operable to be
positioned within an evacuated capsul ar bag of a human eye fol | ow ng
extracapsul ar extraction of a natural crystalline lens as defined in claim
65 wherein: said first, second and third haptics, when viewed al ong the
line of sight of the anterior 20 |lens, ,extends outwardly at an angl e of
approxi mately 40 degrees and the spacing between said first, second and
third haptics segnents being approxi mately 80 degrees. 67. An open
accommodat i ve, P peoadilens qp@ﬁga‘slys biptanap entatidreandposteripo sirficenad thix hi n an
evacuat ed capsul ar bag of a human eye foll ow ng extracapsul ar extraction of
a 44  nat proaidicg ysteftaction of Bgis passittethiougl thelseebdd 6 &onh@iritlie Fahel first,
second, and third haptics are shaped in the formof a partial ellipse in
| ongi t udi n&dns GlirBkss.secti on taken along the central |ine of sight axes of
said lenses and the ratio of the ellipse is approximately 0.96. 68. An open
accommodative, intraocular |ens system operable to be positioned within an
evacuat ed capsul ar bag of a human eye foll owi ng extracapsul ar extraction of
a naturgl ?éystgéline lens a detiﬁed in.claim®67 wherein: the
cross- sect i onal “ESRFT §UCITPIRUYE. 1ouaeeular leng;systemaperablefodisposisianedii r d
hapti cs, takgn lo.transverse to the direction of the line of sight of said
| ens opt i c¥ithinghpinigrianafengiequatadycansudireglofip hamen ape) dsaefingl ia dlaii Us of
curvature of approximately 4.5 nm 69. A nethod for achieving accommodative
vi si on fol wWhellemy an extracapsul ar operative procedure for renoving a
patient's natural crystalline Iens, said nethod conprising the 15 steps of:
inserting into utial paciayar ek Moo eitichath REp&REHHE e AR 1&&%@%‘%@3&1 ve
intraocular lens systemincluding at |east one lens optic having a |ine of
si ght cent p&diti i L I A Yelal i t.| t ope | ens
p&HitidrRA S itHA b Blac¥ed caRlIAR ‘Bﬁ% sz‘i ? gfgﬂ%}ig ﬂ?saﬁmg élga%itre fi

optic in, an anterior portion of ‘an evatu Helman eye
and a ur al.i f i hapti cs..f orm ng an en | eps, 20 system said
hapt i CE(B opgiru g‘g?gp%e‘iﬁe%%égg% 5&’%?1@8@ ?lff?cﬂgn @?F%BH%‘E‘%E‘VE%@EI?@P opsight o extend in
a general | g e]:al i pti cgl ;,ur ve jn |longitudinal cross-section and having an
exterior cBbfiPY b‘?ﬁ’geé]ttio thefist-opicriens; wigh respecs fathe sedondleptic nf eppiroxinstsly aces of
t he evacuat ed capsul ar bag froman anterior portion to a posterior portion
of an evac#@fed capsul ar bag of a human eye; 45 provi di ng for near vision
acuity by the natural nenory state of the haptics of the intraocular |ens

system and providing accommodative far vision acuity by tensioning the
Zonul a connected to the equator periphery of the evacuated capsul ar bag and

t her eby nY7.Ngh 6@ deBBEmdURE, ﬁrﬂf"aol:ﬁl?x:lref?{ sg%éeﬂh&pe@&%lé td'hd Igci)s'?tign%ﬁ Wi, of a

wearer of the accommpdati ve intraocu

15 the interior of an evacuated capsular bag of a human eye, said intraocular lens system
comprising:
a first lens optic, operable to be positioned within an anterior portion of an evacuated
capsular bag of a human eye, having a central optic axis;
a second lens optic, operable to be positioned within a posterior portion of an evacuated
20 capsular bag of a human eye, having a central optic axis coaxial with said central optic
axis of said first lens optic, said second lens optic having a concave, spheric, anterior
surface;
a first flexible longitudinally arcuate haptic being arcuate in the direction of said central

optic axis and having a first end and a second end, said first haptic extending between
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system 70. The nethod for achieving accommodative vision follow ng an
extracapsul ar operative procedure for renpoving a patient's natural
crystalline lens as defined in claim 10 69 wherein: said nethod being
operable for refractive correction of a patient's nyopia. 71. A nethod for
achi eving acconmodative vision follow ng an extracapsul ar operative
procedure for renoving a patient's natural crystalline lens as defined in
claim69 15 wherein: said step of inserting includes inserting a first and
a second | &#4 fissitand s¢aend lenseptceandadiredtly aprnettad absaid ifinst and angaid First leposi t i on
and a posterior position respectively; and providing accormodative far

vi si on conpplicasl dimetlpgotreetednit e4id e6con@ RAd apdaidserbANBnk btididspectively! ght
toward the posterior lens within the interior of the evacuated capSul ar
bag. 20 72gnf net hod for achi eving accommodati ve vision foll ow ng an
extracapsul ar operative procedure for renoving a patient's natural

crystalling{ i in.clai.m 71l wherein: .said nethod being gperable
for rest or?tnlsgggﬁgat |n{e12{ek{stq€}os gﬁélﬁ%lp}% B aﬁ%ﬁ%‘?gltcgbregtgtar‘é%t?g’c F&H?Ctﬁ’% of 73 A
met hod for agh[&rﬁvi ng.accom‘rgggti ve Vi si(gn J ol | owm ng_an _extracapsul ar
operative PHOCERIRA QPGXIF anthbaving & fipst endend asesandiengd, saidyseeond haptic | ens as
defined in claim71 wherein: said nethod being operable for restoring a
patient's ¢XSRYAS bIween paié firstend peassd Jemsionticsrahd dirently hamhetted anedid @vitng
acconmodati ve vision follow ng an extracapsul ar operative procedure for

removi ng aemdtoi saitt first leas optid argrdirkedl) bomiRcled A6 saa® setohil BRIt ik @b ks
wherein: to said step of inserting further includes inserting a third |ens

opti c i nt oohtiEreSyReit : | it .said fjirst and
second Iengpoptei@%s; gz’g&scgi d neta{%gﬁgrg:u%%g%g’fgﬁ%?? gﬁ’%’?@@%@‘.@%ﬂ&hr ange of
povers of 30achted BalbE & S8knd B dehbith BipRe AN 15ngthidlrQc/ol I T ed by

macul ar degenerati

10  section and to follow the contour of an interior surface of the evacuated capsular bag
said first and second lens optics operable to be supported in general visual axial
alignment within an evacuated capsular bag by said first longitudinally arcuate haptic
and said at least second longitudinally arcuate haptic abutting against and being
supported by interior surfaces of the evacuated capsular bag and the ciliary muscles of a

15 wearer of the intraocular lens system acting through Zonula connected to an exterior
surface of the evacuated capsular bag being operable to pull on the evacuated capsular
bag and the ciliary muscle and the arcuate haptics being operable to selectively vary the
distance between said first lens optic and said second léns optic along the céntral optic
axis of said first lens optic and said second lens optic and facilitate accommodated

20 vision of a wearer of the intraocular lens system.

18. An open accommodative, intraocular lens system as defined in claim 17 wherein

said at least a second, arcuate, lens haptic comprises:

a second and a third, longitudinally arcuate, haptics and said first, second and third
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said at least a second, arcuate, lens haptic comprises:

second, third, fourth and fifth, longitudinally arcuate, haptics; and

said first, second, third, fourth and fifth haptics being peripherally spaced about

5  peripheral rims of said first and second lens optics.

24. An open accommodative, intraocular lens system as defined in claim 17 wherein

said at least a second, arcuate lens haptic comprises:

two, or more, longitudinally arcuate, haptics each having a first end and a second end,
10 each of said longitudinally arcuate haptics extending between and connected at said first

ends to spaced peripheral portions of said first lens optic and connected at said second

ends to spaced peripheral portions of said second optic.

25. An open accommodative, intraocular lens system as defined in claim 17 wherein:
15 said first, longitudinally arcuate, haptic and said at least a second, longitudinally

arcuate, haptic being also arcuate transverse to the direction of said optic axes so as to

operably fit smoothly within the interior of and abut against the interior surfaces of the

evacuated capsular bag of a wearer of the intraocular lens system.

20 26. An open accommodative, intraocular lens system as defined in claim 17 wherein:
said first, longitudinally arcuate, haptic and said at least a second, longitudinally

arcuate, haptic being generally elliptical in a planar perspective prior to attachment to

periphery positions of the first and second lens optics.

32



o y |
1228%1;)5% (12#72dE~ @, PM 10%& ()-19! 10%m& ()- SL! 10%& () - &#10%& ()- 9! 10%
m& ()- L!10%m& ()-$=(dE~_@,P"':!10%m& ()-S M 10%m& ()-| |
910%r& () - 810%1&’ () - f #10%r&’ ()-M 10%r& () - (} BIE~_@, P@ #10%1&! () -

9- 10%1& ()- +10%M& ()- (9! 10%& () -1 &M 10%18& () - $z#10%& () -
4bC, P@! 10%r&' () -1 10%r& ()-t 10m 10m 10m y810%r& () - 3M 10%r& () -

:110%r& () - =0dEbC!, P#10%& ()-31 ! 10%& ()-@! 10%r& () - 3s! 10%& () -
llé%ré' ()- NIo3#eren aCCRnWIOdgEb@l(lniraomIm&né pysteng 108erRd(in cla@mlmo»ﬁnﬁmﬁ)
S&H#10%M&' ()- " 10%r&' ()-S10%r& ()- !! 1II"1# $ls!lbCl,

1092& () - 3¥aidYeg 1¢ngitudinallg @roua@niydptic BOYERA @) relst ak@%ﬁ& (o}lglmélﬁé)ﬂ@&%c&&te
sI11J"""#dEbC , P & 109%Z& ()- F 10%&Z& ()- S #10%Z& (

t ggg/f/g&( % . 3 100/(2&Igéﬂeer rec{ai!i n(a) %10W§Eﬁ?%clﬁ§ﬁgﬁg&£5 t(afhlggg}l;% gg}(i?ew
9 ol Y 110028 { 109€8&!
fiiﬁfé/ﬁ#f‘? Pogs &8%/%%?‘ fﬁa #&E&% %ﬂ%& ne& bGP 1 10028 ()

28. An open accommodative, intraocular lens system as defined in claim 17 wherein:
said first and second lens optics and said first and at least a second lens haptics are all

composed of polymethylmethacrylate material.

10 29. An open accommodative, intraocular lens system as defined in claim 17 wherein:
said first and second lens optics are composed of polymethylmethacrylate material; and
said first and said at least a second lens haptics are all composed of polypropylene
having a specific gravity of less than 1.0 and thus providing offset buoyancy for the lens
optics when the intraocular lens is positioned within the aqueous humor of a human eye.

15
30. An open accommodative, intraocular lens system as defined in claim 17 wherein:
said first and second lens optics are each composed of polymethylmethacrylate material;
and
said first and at least a second haptics are composed of an acrylic material having a

20  water content of between 2% and 30%.

31. An open accommodative, intraocular lens system as defined in claim 17 wherein:

said first and second lens optics are each composed of polymethylmethacrylate material;
and
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33. An open chamber, accommodative, intraocular lens system as defined in claim 17

wherein:

10  said first and second lens optics are each composed of polymethylmethacrylate material;
and
said first and at least a second longitudinally arcuate haptic segments are composed of
an acrylic material having a specific gravity less than one so as to provide offsetting
positive buoyancy with respect to the negative buoyancy of the lens optics.

15
34. An open chamber, accommodative, intraocular lens system operable td be
positioned within the interior of an evacuated capsular bag of a human eye, as deﬁned in
claim 17 wherein:
said first lens optic comprises a bi-convex lens having a convex, spheric, anterior

20 surface and a convex, spheric, posterior surface as viewed from the perspective of the
lens being placed within an evacuated capsular bag of a wearer's eyes; and
said second lens optic comprises a concave-convex lens having a concave, spheric,
anterior surface and a convex, spheric, posterior surface as viewed from the perspective

of the lens being placed within the evacuated capsular bag of a wearer's eyes.
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5  said first lens optic comprises a bi-convex lens having a convex, spheric, anterior
surface and a convex, spheric, posterior surface, as viewed from the perspective of the
lens being placed within an evacuated capsular bag of a wearer's eye; and
said second lens optic comprises a concave-planar lens having a concave, spheric,
anterior surface and a planar posterior surface, as viewed from the perspective of the

10  lens being placed within an evacuated capsular bag of a wearer's eye.

36. An open accommodative, intraocular lens system operable to be positioned within
the interior of an evacuated capsular bag of a human eye, as defined in claim 17
wherein:

15 said first lens optic comprises a bi-convex lens having a convex, spheric, anterior
surface and a convex, spheric, posterior surface, as viewed from the perspective of the
lens being placed within an evacuated capsular bag of a wearer's eye; and
said second lens optic having biplanar anterior and posterior surfaces and thus providing

no refraction of light passing through the second lens from curvature of the lens optics

20  surfaces.

37. An open accommodative, intraocular lens system operable to be positioned within

the interior of an evacuated capsular bag of a human eye, as defined in claim 17

wherein:
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5 mm.

38. An open accommodative, intraocular lens system operable to be positioned within
the interior of an evacuated capsular bag of a human eye, as defined in claim 17
wherein:

10 axial spacing of the first lens optic with respect to the second lens optic, when
positioned within an evacuated capsular bag of a human eye, is such that the ciliary

muscle of the wearer is operable to effect a visual accommodation of four diopters.

39. An open accommodative, intraocular lens system as defined in claim 17 wherein:

15 the optic power of said first lens optic is positive and said second lens optic is negative.

40. An open accommodative, intraocular lens system operable to be positioned within
the interior of an e\./acuated capsular bag of a human eye, said intraocular lens system
comprising:

20 an anterior lens optic, operable to be positioned at an anterior portion of an evacuated
capsular bag of a human eye, having a central line of sight axis;
a posterior lens optic, operable to be positioned at an posterior portion of an evacuated
capsular bag of a human eye, having a central line of sight axis coaxial with said central

line of sight axis of said anterior lens optic, said posterior lens optic having a concave,
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- 109& (3 - O{aiﬂsuiaﬁﬁg %Y&%t@iﬁg relative axial motion of said anterior lens optic with respect

to said posterior lens optic while maintaining said posterior lens optic in an essentially
stationary position; and
at least a second haptic means connected directly to and longitudinally between said
anterior lens optic and said posterior lens optic in the direction of said line of sight axes
10 of the anterior and posterior lens optics for partially supporting said lens optics within
the capsular bag and permitting relative axial motion of said anterior lens optic with
respect to said posterior lens optic while maintaining said posterior lens optic in an
essentially stationary position to provide accommodative vision to a patient; the haptic
means being flexible and operable to extend in a generally elliptical curve in
15 longitudinal cross-section when positioned in an evacuated capsular bag and to follow

the contour of the interior surface of the evacuated capsular bag.

41. An open accommodative, intraocular lens system operable to be positioned within

an evacuated capsular bag of a human eye, as defined in claim 40 wherein said at least a
20  second haptic means comprises:

a second and a third haptic means connected to and longitudinally between said anterior

lens optic and said posterior lens optic.

42. An open accommodative, intraocular lens system operable to be positioned within
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5 43. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye, as defined in claim 42 wherein:
the cross-sectional configuration of each of said first, second and third haptic means
transverse to said line of sight axes is substantially a circular arc and having a radius of
curvature of approximately 4.5 mm.

10

44. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye, as defined in claim 43 wherein:
said first, second and third haptic means, when viewed along the line of sight of the
anterior lens optic, extends outwardly at an angle of approximately 40 degrees and the

15 spacing between said first, second and third haptic means being approximately 80

degrees:

45. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a

20 natural crystalline lens, said intraocular lens system comprising:
an anterior refractive lens optic, operable to be positioned at an anterior portion of an
evacuated capsular bag of a human eye, said anterior refractive lens optic having a line

of sight central longitudinal axis;

a first haptic having a first end and being connected at said first end directly to a
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20

section and being operable to follow the interior contour of an evacuated capsular bag of
a human eye from an anterior portion to a posterior portion of a capsular bag of a human
eye; and

at least a second haptic having a first end and being connected at said first end to a
peripheral portion of said anterior refractive lens optic and a second end, and said haptic -
being flexible and extending in a generally elliptical curve in longitudinal cross-section,
and being operable to follow the interior contour of an evacuated capsular bag of a
human eye from an anterior portion to a posterior portion of a capsular bag-of a human
eye and said first haptic and said at least a second haptic extending in the direction of
said line of sight central longitudinal axis to form an open elliptical shaped haptic
accommodating support for the anterior refractive optic lens operable to be positioned

within an evacuated capsular bag of a human eye.

46. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 45 wherein:

said anterior refractive lens is concave-convex in cross-section.

47. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as deemed in claim 45 wherein:

said anterior refractive lens is plano-convex in cross-section.
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an evacuated capsular bag of a human eye following extracapsular extraction of a

natural crystalline lens as defined in claim 45 wherein:

5  said anterior refractive lens is convex-plano in cross-section.

49. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural érystalline lens as defined in claim 45 wherein:

10 the second ends of said haptics are each joined to a retaining ring at a posterior position
of the intraocular lens system and said retaining ring operably abuts against a posterior

surface of the capsular bag upon insertion of the intraocular lens within a2 human eye.

50. An open accommodétive, intraocular lens system operable to be positioned within
15 anevacuated capsular bag of a human eye following extracapsular extraction of a

natural crystalline lens as defined in claim 49 wherein:

said at least a second haptic comprises a second and a third elliptical haptic spaced

about the periphery of said anterior lens optic.

20 51. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 50 wherein:
said first, second, and third haptics are shaped in the form of a partial ellipse in

longitudinal cross-section and the ratio of the ellipse is approximately 0.96.
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10%& () - , a0%ichixted capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 51 wherein:
5 the transverse cross-sectional configuration of each of said first, second and third

haptics is substantially a circular arc and having a radius of curvature of approximately

4.5 mm.

53. An open accommodative, intraocular lens system operable to be positioned within
10 an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 52 wherein: said first, second and third
haptics, when viewed along the line of sight of the anterior lens optic, extends
outwardly at an angle of approximately 30 to 40 degrees and said haptic segments being
spaced equally said optic lens.
15
54. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 45 wherein:
the second ends of said haptics are each free and extend to a posterior position of the
20 intraocular lens system and being operable to abut against a posterior surface of the

capsular bag upon insertion of the intraocular lens within a human eye.

55. An open accommodative, intraocular lens system as defined in claim 45 wherein:

said first haptic and said at least a second haptic are generally elliptical in a planar
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5  said anterior refractive lens optic is concavo-planar in cross-section.

57. An open accommodative, intraocular lens system as defined in claim 45 wherein:

said anterior refractive lens optic is bi-convex in cross-section.

10 58. An open accommodative, intraocular lens system as defined in claim 45 wherein:

said anterior refractive lens optic is convex-concavo in cross-section.

59. An open accommodative, intraocular lens system as defined in claim 45 wherein:
said anterior refractive lens optic is concavo-concavo in cross-section, said first, second
15 and third haptics, when viewed along the line of sight of the anterior lens optic, extends

outwardly at an angle of approximately 30 to 40 degrees and said haptic segments being

spaced equally about said lens optic.

60. An open accommodative, intraocular lens system as defined in claim 45 wherein:

20 said anterior refractive lens optic is composed of a silicone material,

61. An open accommodative, intraocular lens system as defined in claim 60 wherein:

said anterior refractive lens optic is integral with said first haptic and said at least a

second haptic.
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10% ()33 ¥9 An open accommodative, intraocular lens system as defined in claim 45 wherein:

said anterior refractive lens optic is composed of an acrylic material.

64. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a

10 natural crystalline lens, said intraocular lens system comprising:
an anterior lens optic operable to be positioned within an anterior portion of an
evacuated capsular bag of a human eye and having a central line of si ght axis;
a posterior lens optic operable to be positioned at an posterior portion of an evacuated
capsular bag of a human eye and having a central line of sight axis coaxial with said

15 central line of sight axis of said anterior lens optic, said posterior lens optic having a
concave, spheric, anterior surface;
an intermediate lens optic positioned between and in visual axial alignment with said
anterior and posterior lens optics;
a first haptic means connected directly to said anterior lens optic, said posterior lens

20 optic and said intermediate lens optic and being operable for supporting said lens optics
within the capsular bag and permitting relative accommodative motion of said anterior
lens optic with respect to said posterior lens optic; and
at least a second haptic means connected directly to said anterior lens optic, said

posterior lens optic and said intermediate lens optic and being operable for cooperating
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5  cross-section and to follow the contour of the interior surface of the evacuated capsular

bag.

65. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
10 natural crystalline lens as defined in claim 64 wherein:
said first haptic means comprises an elliptical haptic; and
said at least a second haptic means comprises a second and a third elliptical haptic, said
first, second and third haptics being spaced about a periphery of said anterior and
posterior lens optics.
15
66. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 65 wherein:
said first, second and third haptics, when viewed along the line of sight of the anterior
20 lens, extends outwardly at an angle of approximately 40 degrees and the spacing

between said first, second and third haptics segments being approximately 80 degrees.

67. An open accommodative, intraocular lens system operable to be positioned within

an evacuated capsular bag of 2 human eye following extracapsular extraction of a
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natural crystalline lens as defined in claim 66 wherein:

said first, second, and third haptics are shaped in the form of a partial ellipse in
longitudinal cross-section taken along the central line of sight axes of said lenses and

the ratio of the ellipse is approximately 0.96.

68. An open accommodative, intraocular lens system operable to be positioned within
an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 67 wherein:
the cross-sectional configuration of each of said first, second and third haptics, taken

10  transverse to the direction of the line of sight of said lens optics, forming substantially a

circular arc and having a radius of curvature of approximately 4.5 mm.

69. A method for achieving accommodative vision following an extracapsular operative
procedure for removing a patient's natural crystalline lens, said method comprising the
15  steps of:
inserting into the evacuated capsular bag of each eye an accommodé.tive intraocular lens
system including at least one lens optic having a line of sight central longitudinal axis
and positioning said at least one lens optic in, an anterior portion of an evacuated
capsular bag of a human eye and a plurality of flexible haptics forming an open lens
20 system, said haptics operable when positioned in the evacuated capsular bag to extend
in a generally elliptical curve in longitudinal cross-section and having an exterior
configuration approximating the shape of the interior surfaces of the evacuated capsular

bag from an anterior portion to a posterior portion of an evacuated capsular bag of a
human eye;
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equator periphery of the evacuated capsular bag and thereby moving the lens along the
5  line of sight axis within the eye of a wearer of the accommodative intraocular lens

system.

70. The method for achieving accommodative vision following an extracapsular
operative procedure for removing a patient's natural crystalline lens as defined in claim

10 69 wherein:

said method being operable for refractive correction of a patient's myopia.

71. A method for achieving accommodative vision following an extracapsular operative
procedure for removing a patient's natural crystalline lens as defined in claim 69
15  wherein:
said step of inserting includes inserting a first and a second lens optic into the evacuated
capsular bag in an anterior position and a posterior position respectively; and
providing accommodative far vision comprises moving the anterior lens optic along the
axis of sight toward the posterior lens within the interior of the evacuated capsular bag.
20
72. A method for achieving accommodative vision following an extracapsular operative
procedure for removing a patient's natural crystalline lens as defined in claim 71

wherein:

said method being operable for restoring a patient's vision following cataract extraction.
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73. A method for achieving accommodative vision following an extracapsular operative
procedure for removing a patient's natural crystalline lens as defined in claim 71
wherein:

said method being operable for restoring a patient's vision to correct for presbyopia.

74. A method for achieving accommodative vision following an extracapsular operative
procedure for removing a patient's natural crystalline lens as defined in claim 71
wherein:

said step of inserting further iﬁcludes inserting a third lens optic into the evacuated
capsular bag in a position between said first and second lens optics; and

said method being operable for providing a range of powers of 30 to 70 diopters for

facilitating a patient's vision impaired by macular degeneration.
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