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FI ELD OF THE | NVENTI ON c00002 The present invention relates to intraocular

| enses (IOLs) and a method for maki ng and using the sane. Mre
particularly, the present invention relates to | O.s desi gned {pTiAxpP® ply for
refractive correction in-phakic eyes where the eye's»natural |ens remains
intact. | OLs nade in accordance with the present invention may al so be used
i n aphaki c eyes where a diseased natural lens is surgically renoved, such
as in the wax#/29Bl4cat aracts, and a nmethod for produci ng and BETH§I¥24&1sane.
BACKGROUND OF THE | NVENTI ON Vi sual acuity deficiencies such as nyopi a
(near si ght edness), hyperopia (farsightedness) and presbiopia (age-rel ated

farsi ghtedness) are typically corrected with use of refracti ’ ch
as spectacles or contact |enses. Although these types of Ierlmw mmmmumm
effective in correcting a wearRREXIBLEY ENTRAODCULARRDENS\eAr er s consi deg, L.he

| enses i nconveni ent. The | enses nust be |ocated, worn at certain tines,

sremoved periodically and nay be |ost or nisplaced. The |ense 0 be
danger ous C i wear er participates in athlet M’W j

or suffer sgﬁLﬁﬁgﬁ@ﬁ“X&Nﬁ@ near the eyes. 1 17 APR 2 “m"mk
00/ 2731 4 PCT/ US99/ 24921 The use of surgically inplanted | O.s as "4%s@t manent

f orm of refract iThe peseatinventidmrslates to iptraticutprilenses(iPbs) and ainkthpdpl ant s
have been used for years in aphakic eyes as replacenents for diseased

natural cr Vcﬁ*mbkii&?%dde@ﬁﬁg tiidr8ameav M dve artioliaHyC e proserPrR@nfio®m t he eyes.
Many different | desi gns have been devel oped over past years and proven

suscess! 1 dgless ol Aoy O BRASE PSP AR ALY,

primarily Inc e an optl tion suppor erefor,

connected {0 and surroundi ng at | east t of the optic portion. The haptic
portions O%hedﬁyq ?]Pa&ﬂr@v irgf’ﬂ?dﬁsc @?%q}pgé[-ﬁ m3fe iPAC "Ci?(ﬂcfeiv&\tq" g’fe the 1OL in
the | ens capsule, anterior chanber or posterior chanber of an eye.
Conmrer ci al pressat bwestign may glspdecusrcbin aplRKIG eYes wheer a disgasedimiatwehpat i bl e
materials, ranging fromnore rigid materials such as

lens is surgically removed, such as in the case of cataracts, and a method for

producing and using the same.

BACKGROUND OF THE INVENTION

Visual acuity deficiencies such as myopia (nearsightedness), hyperopia
(farsightedness) and presbiopia (age-related farsightedness) are typically
corrected with use of refractive lenses such as spectacles or contact lenses.
Although these types of lenses are effective in correcting a wearer's eyesight,
many wearers consider the lenses inconvenient. The lenses must be located,
worh at certain times, removed periodically and may be lost or misplaced. The
lenses may also be dangerous or cumbersome if the wearer participates in

athletic activities or suffers an impact in an area near the eyes.



pol ynmet hyl nethacryl ate (PMVA) to softer, nore flexible materials capabl e of
bei ng fol ded or conpressed such as silicones, certain acrylics, and
hydrogels. Haptic portions of the I OLs have been forned separatEelaprf jopyn t he
optic portion and | ater connected thereto through processes such as heat,
physi cal staking and/or chem cal bonding. Haptics have al so been fornmed as
an integral part of the optic portion in what is commonly referred to as
"single-piece” 10Os. Softer, nore flexible IOLs have gained in popularity
in recent VWalsreg to their ability to be conpressed, fol dedcTnoddoao2er

ot herwi se defornmed. Such softer IOLs may be defornmed prior to insertion
thereof through an incision in the cornea of an eye. Follow ng insertion of-

the 1Ol in an eygnetdid bQurgRbHy Mplantedd O sARRa $RARaNENORIAR o Héfracti
PCTNS99/ 24921 to its origi ngl g*e-%lef or med shapﬁﬁdue to the msrmr??/Ne

characteri stj [ i t ‘ llexible | OLs as just
descri bed rré{}ﬁ%ét?c}r}rbggr?? gh qd@%&éﬁﬁé@%@ﬁ&r 29%%5?%&‘%9 etnhlé":teq Tmuch
smaller, i.e., 2.8 to 3.2 mm than that necessary for nore rigid | Qs,
i.e., 4.8 t¥eyysonARN3KIG Yesas | 8RNt d01 geasad aiuml Girstalling densasoLs
because the | ens nust be inserted through an incision in the cornea
slightly | attmhavedrearhsurdicatty remowdd from thafdyesi BWany Giffeogriti|OLpoedigms.
Accordingly, nore rigid | O.s have becone | ess popul ar in.the market since

| arger inci phgabebA\dRvRRMIB GV abOydts aaqTb bR dubtddsf@ior 16 RASEIRKIc
i nci dence of postoperative conplications, such as induced astigmatism

After ITOL | ntat ] On f re.subject to
conpr essi veg?%ﬁ?ce-@téeglécfctegghghé?ﬁreeg@ag g& d%@%%?ﬂléﬂgéﬁda\ﬁ%\ %ﬁ'ct WSQI |y
occur when an i ndivi dual@%]ui n\is or rubs the e%e. These conpressive forces
may result Wih@HORRTEAPEGTFakahaRiCSaRINNACIL® I ABA SYFroHRding] aladsti mage.
Conpressive forces exerted on an 1OL also tend to cause axi al displ acenent
of the | OL panofthéeptippbdimn. akieshapticaportgrs ofen éOkrare desimmed@ saippog t he
optical axis of an eye has the potential to cause the IOL to contact and

danmage the ggldmt Sotiohndahe ROK@ thel leAs capslie] @vtefioPEhdMBedEpodtefir | OLs
of current designs, whether fornmed of either softer or nore rigid

materials, tend t along the optical axis of an eye when the
haptics ar eécorr%%'ggg%fc]il.egga manuf acturers provide a wide range of IQOL sizes

9,20, Brect S bl i LB 50) RSB ARE st B PO 070

biocompatible materials, ranging from more rigid materials such as

polymethyimethacrylate (PMMA) to softer, more flexible materials capable of
being folded or compressed such as silicones, certain acrylics, and hydrogels.
Haptic portions of the IOLs have been formed separately from the optic portion
and later connected thereto through processes such as heat, physical staking
and/or chemical bonding. Haptics have also been formed as an integral part of
the optic portion in what is commonly referred to as “single-piece” IOLs.

Softer, more flexible IOLs have gained in popularity in recent years due
to their ability to be compressed, folded, rolled or otherwise deformed. Such
softer IOLs may be deformed prior to insertion thereof through an incision in

the cornea of an eye. Following insertion of the IOL in an eye, the IOL returns



PCT/ US99/ 24921 attenpt to mnimze the potential for axial displacenent of
the I'OL along the optical axis of an eye. Because of the noted shortcom ngs
of current I OL designs, there is a need for |1 COLs designed to mninze axial
di spl acement of the IOL optic portion along the optical axis lof APRe208e
when conpressive forces. are exerted agai nst the outer, edges thereof. By

| essening an | OLs novenent along the optical axis of an eye, nore certain
refractive correction nay be achieved and the risk of endothelial cell

| ayer danmad¢O f373be reduced. SUMVARY OF THE | NVENTI ON An i nt PEERISPH?492kns
(I'OL) nade in accordance with the present invention has an optic portion
with an outer peripheral edge and either three or four haptic elenments for
suppor t i ng tolits asiginal prerdefameadshapssducta the memonacharactéristicspf tie sefthapt i ¢
el enents i s bal anced having two spaced haptic elenments forned on one edge

of the opt irsatefigl.t Heftéhimate Miagible |Glea® fust Hestrile®may b RRSianted iptwanof the
optic. Alens having four haptic elenents is bal anced having two spaced

shaptic ele t HES irf i ptd C ptic
el enents fo néﬁrc{)u.@’ an br%ﬁ&éﬁ?%g?g%@gegfsﬁlgﬂolb l %%a%%‘?‘??@jﬁ%gu c

el ements has an inner portion_and.an ,ouier porti with the inner portion
bei ng conné‘@F@ﬁS?’Xr}PﬁE%B%f'gpq 'bﬂ'eﬁeéj %oeégpemm' ?‘R%rg@ﬁfrfcﬁs'ﬁﬁr'ﬁi on. Each
haptic el ement includes a contact plate on the outer portion thereof. The
contact pl aeecessany faegiog Bdidi IOLehregusathe lansr myst bainsepteddhpeiighean ' s eye.
4 1 7 APR 2003 WD 00/ 273l 4 PCT/ US99/ 24921 Each haptic al so has a central

portion thaicisishémtise berneaatlighthelacgmtthah tind dizmeted of the infleRiblePIDIL bptic
Wthin this central portion, each haptic elenent is designed to have

greater r e%b?ﬁo?mﬁcwdn@nginﬁwrei r@i@1m§p§vasaeaﬂ3: ¥sPROAUIPIn kiRt MBRePt ! cal

axis of an'eye than in | ane general ly perpen ular to the optical axis

of an eye. By providing haptic,el epent ith thi.s type of .flexibility

char act er i §{r?6@ﬁa’fgneé 'B?'%QE‘?}BE‘Y?)?G P?&u@@s\l\g%@%%'?‘eﬁdﬁ@? ABINCrRRSed | exibility
characteristic of the subject haptic elenents relative to the optic portion
el i m nat es ingidgnnspefapestopsrptive applicatiomsnsue as irdusediastigaratissn al ong t he
optical axis when conpressive forces are exerted against the haptic

el enents of the Afte |GL dopkintation, both scfteaararebinees righd IOLs greesidyjéctitovent i on
to provide intraocular | enses for use in phakic eyes. Another object of the

%ieiﬁn; i 't ”gsme?é;sti\i//é gdfrezéjgﬁésfr?cgtggﬁ e B0Er leBbes IR, WHich ShitAPbgikirc eyes)
when an individual squints or rubs the eye. These compressive forces may
result in decentration of the |OL and distortion of the visual image.
Compressive forces exerted on an IOL alsc tend to cause axial displacement
of the |IOL along the optical axis of an eye. Movement of an IOL along the
optical axis of an eye has the potential to cause the IOL to contact and damage
the delicate corneal endothelial cell layer of the eye. Also, |OLs of current
designs, whether formed of either softer or more rigid materials, tend to deflect
along the optical axis of an eye when the haptics are compressed. [OL

manufacturers provide a wide range of 10OL sizes to more precisely fit IOLs to

each particular patient's eye size. Providing a wide range of 10OL sizes is an



Anot her obj ect of the present invention is to provide intraocul ar |enses
ffor use in phakic eyes, which mnimze axial displacenent of the optic
portions’of the |enses along the optical axis of the eyes. Another object
of the present invention is to provide intraocular |enses for use_in phakic
eyes, which minimze damage \to tissues in the interior of t hd EY@B.Z il
anot her object of the present invention is to provide intraocul ar |enses,
which are resistant to decentration within the eyes. 5 1 7 APR 2003 i WO
00/ 27314 PGVOWBYB124921 These and ot her objectives and advantryassso4i®zhe
present invention, sonme of which are specifically described and others that
are not) will becone apparent fromthe detail ed description, draw ngs and

cl ai ms t hat attelipbto mihienizé the petentiebfoniaeial displabesharitaifebe QL laidte thener al s.
6 S WD 00/27314 BRI EF DESCRI PTION OF THE DRAWNGS 1 7 AP R 20D3

PCTNS99/ 2493@;5%@,@%%,5@ @ schematic representation of the interior of a
human eye including a nataral |l ens and a refractive IOL inplanted in the

anteri or chanber ,0f the e: El GUR IS a plan vi of an | wi.th three
haptics made in g&%?ﬁ%ﬁ?é’%&ﬁ%ﬁ@@?@%‘ﬁgg W@ﬂtﬁgh;‘;%'@ﬁ &eilgaa side
view of the ICL of Figure 2; FIGJRE 4 is a cross sectional view of the IO
of Figure 2neafér IQLedesigned to minimizg priakdisplagement péthe \QL optispartionhe | OL
of Figure 2; FIGURE 6 is a perspective view of a contact -plate of Figure 2

wi th shar pealohddhe optic&l s of the ey@ehepavhpressiveforebs aire @rbAsH aphimse Of
Figure 2 with rounded edges; FIGURE 8 is a side view of a haptic el enment of

Figure 2 wi e qutsk blibestnerest. cop Mssehlfg SAFIGOLE oveRidHt a‘l’&?‘th%‘;o&ﬁgl O with

four haptics made in“accordance wth the present inventio 10 is a
f ihgel \é]i_e\c/)vf Ofﬁ(ié 3)? ghgag‘ye?fmézrje%%rr%ir? i’eﬂ@cqivg Ic(cg‘}’lj"gcl%tioln1 rriuasy be BERiRVE %in\éefhc\a/ iring of
of endothelial cell layer damage may be reduced.
SUMMARY OF THE INVENTION
An intraocular lens (I0L) made in accordance with the present invention
has an optic portion with an outer peripheral edge and either three or four
haptic elements for supporting the optic portion in a patient's eye. A lens
having three haptic elements is balanced having two spaced haptic elements
formed on one edge of the optic and the third haptic element formed on an
opposite edge of the optic. A lens having four haptic elements is balanced
having two spaced haptic elements formed on one edge of the optic and two
spaced haptic elements formed on an opposite edge of the optic. Each of the
haptic elements has an inner portion and an outer portion with the inner portion
being connected to the outer peripheral edge of the optic portion. Each haptic

element includes a contact plate on the outer portion thereof. The contact

plates are designed to engage an inner surface of a patient's eye.



1 7 APR 2003 '"WD 00/ 27314 PCTNS99/ 24921 DETAI LED DESCRI PTI ON OF THE
NVENTION Figure 1 illustrates a sinplified diagramof an eye 10 show ng

| andmar k" structures relevant to the inplantation of an intrao ﬁ&gﬁr@hens of
the present invention. Eye 10 includes an optically clear cdr 1®Hng an
iris 14. A natural crystalline lens 16 and a retina 18 are | ocated behind
the iris 14 of eye 10. Eye 10 al so includes anterior chanber 6 located in
front of iris 14 and a posterior chanber 8 | ocated between iris 14 and
natural | ew® MR7314OLs of the present invention are preferabl BCT/HBI240Hd i n
anterior chanber 6 to correct refractive errors while healthy natural fens
16 remains in place (phakic application). IO.s of the present invention nay
al so be i npl ant eacmhpptit alscohasaaehtral @Bortion tleatsextapdsibetweentthe woBtadl
aphaki c eyes. Wien used in aphickic eyes, |Os serve as replacements for

surgical |y miafexedl il FRRP PdritH. U'Withlh%§%§nﬂr§| pSHioR, 8ach Hécﬁ‘t?(é‘lgme%t B o

fol l owi ng cataract surgeries. Eye 10 al so I ncludes an optical axis

anter or s TRNSE e BrsatEh reﬁs?ﬁéﬁ% te bG8 180 G8nel pafaIEHIC on. o

in the human eye 10 is ?enerally per pend| cular to a portion of cornea 12,
natural | ertbexptigatiaxisol aa ey theRdn aalase generallyaaspendiavientd ihe, optical
illustrated in Figures 2 through 5 and 9 through 11 identified by reference
nuner al 26,a>&isoﬂaaiegeec8y proviidipg daptt elementewittathiy type offiegibility chanber 6
of a patient's eye 10. However as nentioned above, 10L 26 may |ikew se be

i npl anted i ¢ tﬁg@éﬁ 1
00/ 2731 4 PCé'P/a(LPJ%g% Hl@Zﬂlléof an te{%rlfgglsgg}g%/g?vl e%‘ge%agéﬁﬁgm%?& 26 has an

optic portign 2 0, 30.. Preferably.integrally
formed on ﬁ%\;‘\r %SF'EIILC 8@@5 %ﬁé‘fﬁ@;&t'g%?%ﬁ??{%&%f}a}ge tf’éﬁ? RP&%%ﬁq‘our separate
haptic el ements 32, each having an inner portion 34 and an outer tip 36.

| nner port |%W§HQWS$'@°&FE¥%9‘%@P<W displagemeny of thepatioperioariongtheanent | y
connected to outer peripheral edge 30 of optic portion 28. Each haptic

el enent 32 gyitieal axis whrscambressileniodcascaresaxterigidaagaiftst tHe hiagtie élenoents
preferably engage i nner surfaces 40 in anterior chanber 6. However, contact
pl ates 38 fehal@p. suitable to engage inner surfaces 42 in posterior
chanber 8 or inner surfaces 43 in |lens capsule 7 of eye 10. haptic elenents

32 f bl l;
por (1 on' 26, A1 AT YORG K anHLIEC A ieSlorRENCRG %o pEREe B’

optic portion 28 b stak chem cal polynerization or other methods known
Lo those sUPMIESr 1sHia PhARIc Syes.

Another object of the present invention is to provide intraocular lenses
for use in phakic eyes, which fit a variety of eye sizes.

Another object of the present invention is to provide intraocular lenses
for use in phakic eyes, which minimize axial displacement of the optic portions
of the lenses along the optical axis of the eyes.

Another object of the present invention is to provide intraocular lenses
for use in phakic eyes, which minimize damage to tissues in the interior of the
eyes.

Still another object of the present invention is to provide intraocular

lenses, which are resistant to decentration within the eyes.



In accordance with the present invention, haptic elenents 32 are desi gned
so that when 1OL 26 is inplanted in a patient's eye 10 and held in pl ace

t hr ough ‘conpressi ve forces exerted by inner surfaces 40, 42 af j@ Oﬂp
contact plates 38 of haptic elements 32, haptic el enents 32 flé é% %at
contact plates 38 do not slide along surfaces 40, 42 or, 43 in the eye 10.
Sliding of contact plates 38 is avoided in the subject ]CL 26 since the

di stance of slide of each individual contact plate 38 would have to be the
sanme to mai Rigjor7ife centering of ICOL 26 on optical axis OA- GET/USY9/24921
Accordingly, haptic elenments 32 are designed to flex in a plane generally
parallel to that of optic portion 28 of 9 1 7 APR 20a3 WO 00/ 2731 4

PCT/ US99/ 24921 | Phedb amdtbttensbjatlivessioradiintadey of thetdisbei inpditdinl axis
OA- QA of eye 10. By designing this type of flexibility characteristic into

haptic el enen : ; | r ard

si zes and gg"@‘%s‘?ﬁ%ﬁ’c?'g%’ g&ﬁ?gﬁo@%lﬁ)%%%% q%%@itg%f%n% %@é@ﬂ%&#ﬁg
flexibility characteristic of haptic elemqents 32 also mpin zes axial

di spl acenen@PBareghiom Hﬁé@@ﬂe@geﬁﬁ'ﬂi'oﬂi Eings ang Gf?d'“éﬁgﬁgé’ﬁo‘é(xi s OA- QA of
eye 10. Conpressive forces of differing nmagnitudes within the range of
appr oxi mat elwhegein dike fedtucssatecdesignatad bydikatameralsat es 38 of haptic

el enents 32 to effect approximately an overall 1.0 mmin-di aneter
conpression of 1OL 26, such as that caused by differing eye sizes, results
in less than approximately 1.0 mm but nore preferably | ess than

approxi mately 0.5nmm and nost preferably | ess than approximately 0.3 nm
axi al displacenent of optic portion 28 along optical axis OA-OA in an eye
10. Under like conpressive forces, ICOLs known in the art result in
approximately 2.0 mm axi al di spl acenent of the optic portion along the
optical axis in the eye, which nay danage delicate tissues therein. The
uni que design of 1OL 26 achieves significantly m nim zed axial displacenent
of optic portion 28 to protect the corneal endothelium4 of eye 10 from
damage when conpressive forces are applied to eye 10. By mnim zi ng axial
di spl acenent of 10OL 26, harnful contact with corneal endothelium4 is also
mnimzed. The flexibility characteristic of haptic elenents 32 of 10L 26
as descri bed above is achieved through the unique design thereof. 10O 26
has haptic elenments 32 formed with a central portion 44 adjacent to inner
portion 34 10 1 7 A-"1Z 2003 WD 00/27314 PCT/ US99/ 24921 permanentl|y
connected to outer peripheral edge 30 of optic portion 28. As best
illustrated in Figures 3 and 10, central portion 44 has a dinension in

pl ane



46- 46, generally parallel to optical axis OA-OQA) equal to or greater than
the same in plane 48-4.8 generally perpendicular to optical axis OA-OA best
depicted in Figure 2 and 9. Atransition portion 50) of significantly
decreasing size in dinmension in plane 46-46 extends from centna APRrapgon 44
to broadened contact plate 38. Contact plates 38 are relatively flat with
ei ther rounded edges 52 depicted in Figure 7 for a snoother fit with inner
surfaces 40, 42 or 43, or nore defined, sharper edges 54 depicted in Figure
6 to provi ®Oa0/B14ier to prevent cell uI ar mgration and gr oRCH/US¥H24921
subject IOL 26 is preferably produced having an optic portion 28
approximately 4.5 to 9.0 mm but preferably approximately 5.0 to 6.0 mm and
nost preferably 5.5 nmin dianeter and approxinmately 0.5 nmto 1.0 mm but
preferably approximately 0.6 to 0.8 mm and nost preferably 0.7 m‘nin

t hi ckness gRlEﬁDE@@MPW@WOﬁQ’HE@RAWHQGS”e”tS 32 extend in a "U shaped”

configuration and will increase or decrease in Iength dependi ng upon the

'di aneter of opti i,on 28 the dia o) on 28

i ncreases, the |Fiﬁ8ﬁf§ dits ﬁaspf‘pemaé'l‘:éﬁ@?ﬁsgga)'oﬂé@rtg é%ter'EF‘R{e%v}“EB"ana%Vq he

di anet er of optic portion 28 decreases, the length of haptic el enments 32

i ncrease. Incléding@anatural lencarg érféf\'@@t'@ﬂQi-r@ﬁlémﬁé’dnttbel@eteimmamhﬂrel y 2.6
to 6.0 mMmm but preferably approximtely 3.4 to 5.0 mm and nost preferably
appr oxi mat ef thedeye;rm i n | ength neasuring fromthe center of inner portion
34 to the center of 11 171~ ~ 20U3 WO 00/ 27314 PCT1US99/ 24921 outer
Lip 36. Haptic FIGURE 2 i#3 phieviReban fOL WRnfiR RabhiciiBad ifonf i guration

as illustrated in Figures nd 9 to all ow radi al ct1on under

conpr essi V?c&ﬁfd%ﬁ?ew{hl ﬁﬁﬁ%}%géq}tlh@&t%ﬁ remain stationary. For purposes of

t he presen ape of haptic elenent 32, i.e., the beam
curve shape, Q the wdth t ess rati o, i.e., t he aspect
ratio, of haptl ﬁéb&éﬂs Qf'%"'ﬁ%’s@r"ﬁ%i&‘-ﬁg éQ‘-H’el% critical to achieve
suitable function. Central portion 44 of haptic elenment 32 is approxi mtely
0.5 to 2.5 nmm) biIBURE4 és alsrgssaggationahview|of the (0L of Figure® taken rabarig
preferably 1.6 mmin length; approximately 0.2 t0l.0 mm but preferably
appr oxi mat ghey 44:3 to 0.7 nm and nost preferably approxi mately 0.46 mmin

t hi ckness in plane 46-46 and approximately 0.2 to 0.7 nm but preferably
approxi mately Og P ely 0.43 mmin width
in plane 48-48. ?gﬁsE? I%O%%@r%ﬁhx@&?@éﬁgggﬁxﬁﬁphf@ﬁo 4 to 1.1 mm but
preferably approximately 0.5 to 1.0 nmand nost preferably approxi mat el y
0.8 mMmin |length, Contact plate 38 is approximately 0.8 to 5 mm but
preferably appr 5!@%5@3@&5 34 PErenscive viaw aha) captact Blaé‘P of Eigupe 3mé'ﬁ|bX| mat el y
1.8 mmin length, approximately 0.05 to 0.5 mm but preferably

appr oxi nat gharpér &dges;0. 4 nm and nost preferably approximately 0.3 nmin

t hi ckness and approxinmately 0.6 to 1.5 nm but preferably approximately 0.8

to 1.2 mm and npREUREET & #BkhspaRIVE ¥ieWRdRd Yortalt plate Bf Pigdid 2 with

rounded edges;

FIGURE 8 is a side view of a haptic element of Figure 2 with a stiffening
element;

FIGURE 9 is a plan view of an IOL with four haptics made in accordance
with the present invention;

FIGURE 10 is a side view of the |OL of Figure 9; and

FIGURE 11 is a perspective view of the IOL of Figure 9.



As provided through the dinensions of 10L 26 above, haptic el enents 32
gradual ly change frombeing relatively thin in plane 46-46 at outer tip 36
to 12 1 7 APR 2003 WD 00/ 2731 4 PCTNS99/ 24921 being relatively thick at

i nner portion 34 and optic portion 22, with central portion 44 preferably
exhibiting a thicker dinension in plane 46-46 than that of thel W AR 2409

pl ane 48-48. Haptic elenments 32 of the subject design tend to flex into
closer proximty with outer peripheral edge 30 when a conpression force is
exerted agawgsdoesnat act plates 38 with mnimal axial di spl aceperruss/xasy
optical axis OA-OA. Wien IOL 26 is used as a refractive |l ens, a stable,
reliable refractive correction is provided. The desired flexibility
characteristic of haptic elenments 32 of 10L 26 nay |ikew se be achi eved or
enhanced by incorporating a stiffening elenment 60, in the shape of a

ri bbon) in RILEP bESERIPAON gpfﬂqgclﬁg/a@pldml ustrated in Figure 8.

Stiffening element 6 may be positioned in haptic elenent 32 so that flat

face 62 is orien to t.he si on i ffenin nt -60
functions in a rré:er‘rgn'@%a{s?] ﬁﬁest%sm&eaE %g{a[n B@%ﬁyﬁ§b&§§"¥'ﬂg?§rﬁiﬁr‘n§
prevent axial displacenent along optical axis OA-OA when conpressive force
i s applied tsuctwescelepanittodhgdmpntatioseiran ntraeeular s of therpresentt a | ess
flexible material than that of 'OL 26. Suitable materials for stiffening

el ement 60 iimantion. bE?'eaDGnﬂOtiehlamdpﬂldall)@cmwaﬁeéeﬂ aR@ianotis fignsa
high-density pol yet hyl enes) polyesters, nylons, netals or any bloconpatlble

ot er fal W gl &R Ioht o A 8AHRE 1 81ar3 Idceiea Behinkeipl e ‘i’h%‘if%gé

may be used |n conj unctl on W t aptic elenments escri bove

cases where c deS| n.is desir i the
desired er 3 léqqss?nt%gor qhamber gq%‘%e‘é@b OV&ffdﬂf 48y ’ldqg
PCTNS99/ 24921 SUI tabl e materl als for the production of the subLect | OL 26
i ncl ude but PeFterigschamber 8docated hedweer Iris 14 ang maluiablensnti.edPhs ©f thaich as

silicone polyners, hydrocarbon and fl uorocarbon pol yners, hydrogels, soft
acrylic pol present ip@nfiontaze prefecablpirmplastecin gntesohemenber 6 itc corepol yner s
wi th hydrophilic nononer units, fluorine-containing polysiloxane el astoners

and conbi na?éf%t&.vtewcﬁQRNhnEhfea@ﬂh@frﬂtu@dtermtﬁre’athamenn blReRpAdKet i on of QL
26 of the present invention is a hydrogel nade from 2-hydroxyethyl

met hacryl atg a Y. G
pol y( HEMA- cop%%) wgphwgﬁe(%&mwy A|%§epﬁ®@§%@@ Pra%t%n al
t he manuf act ur e, of 26 due to S equi i.um vvat cont ent
appr oxi mat epﬁa%ebér&?fﬂs B?p%g? Jrﬁ” USd Y ﬂP'SW"P @VF’%C \Fé" UEed i %;phaklc
approximately 1.474, which is greater than

eyes, IOLs serve as replacements for surgically removed diseased natural

lenses 16, such as for example following cataract surgeries. Eye 10 also
includes an optical axis OA-OA that is an imaginary line that passes through
the optical center 20 of anterior surface 22 and posterior surface 24 of lens 16.
Optical axis OA-OA in the human eye 10 is generally perpendicular to a portion
of cornea 12, natural lens 16 and retina 18.

The IOL of the present invention, illustrated in Figures 2 through 5 and
9 through 11 identified by reference numeral 26, is designed for implantation
preferably in anterior chamber 6 of a patient's eye 10. However as mentioned

above, IOL 26 may likewise be implanted in posterior chamber 8 or in the case



that of the aqueous hunor of the eye, i.e., 1.33. A high refractive index
s a-desirable feature in the production of tOLs to inpart high optical
power with a mnimum of optic thickness. By using a material with a high
refractive index) visual acuity deficiencies may be corrected UJi ARR 2003
thinner 10OL. Athin IO, such as that of 10OL 26, is particularly desirable
in phakic applications te mnimze potentially harnful contact between the
IOL and iris 14 and corneal endothelium 4. Poly(HEVA-co- HOHEXMA) is also a
desirabl e MR ®37314 in the production of IOLs 26 due to its nBERYSPILH?!
strength, which is suitable to wthstand consi derabl e physi cal

mani pul ati on. Pol y( HEMA- co- HOHEXMVA) al so has desirable nmenory properties
sui t abl e f &f an@phakic eysiir lenscaritleedOL2$hhas antoptic Hlortiers 28 séihran good
menory properties such as those of 14 1 7 APR 2003 WO 001 27314

PCT/ US99/ 24%dr preripheriitigec3 HOEERdxablyrihteigeallyrformed i pérptérarsty 30 n an
eye) rather than explosively, to its predeterm ned shape. Expl osive

‘unf ol di ng } i ial I

1 ssues wi ChRi RoMEt PR (00 B IS SR RAAP Sl AR, Belch P
stability in.the e t eaghi,n of ..t he_present_invention are
pr ef er abl yagdb??re%grﬁsngéf{}%égnfog:?%a% ggl dﬂgg"r %?'H@HSSP‘ ao{equ?@é ')5 or
conpressible material, the same nmay al so be applied to harder, |ess
f1exibl e | &negelly fermed with anddrermananilycognaciedite quier rerinhesal edge 30

pol ynet hyl met hacryi ate (PMMA) having flexible haptics fornmed either of the
sane or a of bptic pattiome28&r Eath héptic elgroent 3thal28 indludé€3 a2Bosdendeecantaetsi ti ve
powered tens fromO to approximately +40 diopters or a negative powered

lens from @ite 38Rl réferdBlyle gy BinefRirdceRUA IrPantéRor&arkber

bi convex, piano-convex, piano-concave, blconcave or concave-convex

contral o peRi et BR85S oLEY R AR SRl e iR hon 20

of the subject 10 26, may optionally be formed with a glare reduction zone
56 of appr BREWHPEFAMDSES Q5 Inners %ﬁﬁ%ﬁr’%”%?@%ﬂ%gl% aygpthxiHantiel y 0.3
to 0.6 mm and nost preferably 0.5 mmin w dth adjacent outer peripheral
edge 30 f oelenezhis iB2cargl preterabigintegrally foemeg boraiterpleripttdaiodddeB0 26 i s
struck by light entering eyelO during high light or at other tines when

pupi | 58 i gpfit paition. 283 Aermatien however) dapic eenietits 32 miy balitiaghked of the
sane 15 ~ ~ APR 2(p3

to optic portion 28 by staking, chemical polymerization or other methods known

to those skilled in the art.

In accordance with the present invention, haptic elements 32 are
designed so that when |IOL 26 is implanted in a patient’s eye 10 and held in
place through compressive forces exerted by inner surfaces 40, 42 or 43 on
contact plates 38 of haptic elements 32, haptic elements 32 flex so that contact
plates 38 do not slide along surfaces 40, 42 or 43 in the eye 10. Sliding of
contact plates 38 is avoided in the subject IOL 26 since the distance of slide of
each individual contact plate 38 would have to be the same to maintain the

centering of IOL 26 on optical axis OA-OA. Accordingly, haptic elements 32

are designed to flex in a plane generally parailel to that of optic portion 28 of



WO 00/ 27314 PCTNS99/ 24921 material as optic portion 28) but nmay be opaque,
colored or patterned in a conventional manner to block or diffuse light in
plane with optical axis OA-OA Subject I1OL 26 is preferably manufactured by
first producing discs froma material of choice as described in _U.S. Patent
Nos. 5,217,491 and 5, 326,506 each incorporated herein in its eht/i AR 0By
reference. 10L 26 nay then be nmachined fromthe material discs in a
conventional manner. Once machined, I COL 26 may be polished, cleaned,
sterilized wodopatidaged by a conventional method known to t hd/g$412H8d i n
the art. Subject~IOL 26 is used in eye 10 by creating an incision in cornea’
12) inserting 1OL 26 in either anterior chanber 6 or posterior chanber 8 )
and cl osi ngl®Oh&6 and geoerallpiperpendicviat g thathf GfticahpxiseOAsRA of eyey®. 1By by
creating an incision in cornea 12 and capsule 7, renoving natural |ens 16,

i nserting | @esiéﬁiﬂg‘trﬁ@ﬂ@%'cﬁﬂ@xi’diﬁty@h@ﬁéd@isttib%tbrlﬁp?icgég%ﬁngﬂso(?ﬁ 1B 3dre

present invention provides for a refractive |ens sui use 1 n |ens

capsule 7 o i referably for use i nterior
chanber 6 omayE® Fariredlgr i ol obHral3RindBHT 528 Rt oF picLitRple i
characteristics that mninmze axial _lgli sti)ﬁla(aqerrent al or)% optical axis OA-CA
of eye 10 t Masésizesalpatientsyeyes dR: e inxibility charadteristicafhaptis elementissi on
and damage to corneal endothelium4. 10OL 26) having the flexibility

char act er i sBRaisalsdnimibasaxial displacement of apticopartign @sinlzedisactionaalengr a f ew
| ens sizes suitably fit eyes 10 of nobst sizes. By providing a "universal"

| ens such agpliktaxitf ORROAPSESRNT 0] DoRipressive frtds @ﬁbifféhﬁgﬁinéc@iﬂ@@sems due
to inproperly sized |l enses 16 1 7 APR 20f 13 WO 00/ 27314 PCT/ US99/ 24921

are mnimz ; LRy AN .e%:dqéjapa' i ' ixon,

cor neal end%ng%%%agéﬁa%ggigﬂ%'poorlp?iqgglﬁgg?)! LiKe g@&@ggﬁé&#?&%tﬁ??@s need
to . produce,l O.s of man i,zes. to fit eyes of nmany, sizes is elimnated,

t hus reduci ﬂbh?%t&?dﬂ@m%ﬁgéééoieﬁ?@ﬁ?w@?xg@%’ a&b%%%&ﬂe@mmm digmeter

Opht hal nol ogi sts al so benefit fromsubject 10OL 26 in that tine is saved by
el i mi nat i ngcompraaséan oblQle26r pligieas that cpusechy diffaring eyiersizes)desults is
associated with maintaining large inventories of varying sized |enses.

Wi | e ther eldss thwappandmetsy nideen it endre préferatsly 3esCthhh Gppidafiatépt s of
the present invention, it will be manifest to those skilled in the art that

e il L R L
£t Do LSk o R e RO oGt FOCEh g = 2
compressive forces, IOLs known in the art result in approximately 2.0 mm axial
displacement of the optic portion along the optical axis in the eye, which may
damage delicate tissues therein. The unique design of IOL 26 achieves
significantly minimized axial displacement of optic portion 28 to protect the
corneal endothelium 4 of eye 10 from damage when compressive forces are
applied to eye 10. By minimizing axial displacement of IOL 26, harmful contact
with corneal endothelium 4 is also minimized.
The flexibility characteristic of haptic elements 32 of IOL 26 as described

above is achieved through the unique design thereof. 0L 26 has haptic

elements 32 formed with a central portion 44 adjacent to inner portion 34

10



9 7 APR 20p3'18 CLAIMS 1. An intraocular lens to be inplanted within an eye
general ly perpendicular to the eye's optical axis conprising: s an outer
peri pheral edge defining an optic portion, three or four U shaped opposed
haptic el ements of varying thickness permanently connected to the outer
peri pheral edge and extendi ng beyond a profile thereof, and JehtAPR
portions formed in each haptic elenent having a greater resistance io to
bending in_a plane parallel to the eye's optical axis than i

per pendi cuWQrO%fzﬁv’élr"eto, wher eby, a conpressive force suffici e';r:(t‘ﬂpgggzzpﬁze'ct a
1.0 mmin dianeter conpression of said lens results in |ess than
approximately 1.0 of axi al displacenen f id optic portion along the
eye's opti &% mQQFEWanQ?éﬁﬁt? HV%EB@UPE&’"IE Eagef@ %@q?'ﬁﬁ%ﬁ?%ésmﬁ%i n an eye
general ly ger endicular to the eye's optical axis conprising: an outer

peri pher al begyidustsatediindiguwresskand poreardral poricred4dhas audimensioapiadplapposed
haptic el enments of varying thickness 20 permanently connected to the outer

“peri pher al 4648; geméraliy pavdileidolopsioaldaxds PACOA, @qubktesr greatdst thanthal

portions fornmed in each haptic el enent having a greater resistance to
bendi ng i nganpl; ual ' ty) A 1 A pl ane

per pendi ch’ar tlﬂ&?%’?%ﬁ@ﬁiéziﬁéﬂgﬁg@%gggg}\}g%F%e)%)giﬁ?g)l'%ﬁ?&to effect a
as 1.0 mmi,n _diapeter coppressi of .said |l.ens results in |less than

appr oxi mat g??"’%ﬁcgﬁhﬁlugb'fe g)%\"gl 'dﬁggﬁr‘ég@ﬁe?ﬂrl'g'?%Qapﬁs‘gﬂﬁf;@”%a??rﬁﬁs&gong t he
eye's optical axis. 3. An intraocular lens to be inplanted within an eye
general | y piepecimensian in planeAB46 axtendsdprmaentrakpartioonst fosbregdeaadout er
peri pheral edge defining an optic portion) three or four U shaped opposed

hapti c el eopmiast plate' 38y i Ggntaat platess38 pes relatvely flatwith efthedrdupdelie out er
peri pheral edge and extendi ng beyond a profile thereof, and 19 1 7 APR

2003 cent ' ahg@oBbiMCIbaTTF e TBER ShRher RIATFRNePSU/ At 40T ARLE!

resistance to bending in a plane parallel to the eye's optical axis than in

I
a pl ane peypendi r , . ' 0 .sufficient to
ef 1? ect aps[‘?'. %TB#% ﬁ%ﬁ%%ﬁﬁ%%?peé%%% % 'gt%ggéi%i&qréﬁssgor é@&l‘fesa }Jﬁ"l'eé'ss t han
approximately 0.3 (?f axi al. displ aceﬁent of said optic portion along the
eye's opt i reé{ﬁnggle%h. aFiRIIration aB¢ arawtht ens of claim 1, 2 or 3 wherein the

haptic elements_and the optic io portion are both formed of a foldable or
conpr essi bl e mafbeisubject |JOMRE is prefaably produesad halving an optic partimn 28 wher ei n
said lens is formed froma material selected fromthe group consisting of

silicone pghpraRinatelyal50eH. 0 oiim bt érbfé?é@l?éﬁdb%kiﬁ@wg@.@to BYha9gahg, soft
a

acrylic polyners, polyester, polyam des, is polyurethane, silicone polyners

o4 Y QR bR M AR SATLPIALNG BRHRE) Co AR, Blest OTers
lensof ol Piefrabbsamprod el f 1 De ABSiraoR g risaely St FRfRIrogel
material which is 18 percent by weight water. 8. The intraocul ar |ens of
claim 1, Zhinkngssieéperinhersil adgens. ilaptisratementsolr extend in a “U-shaped”

configuration and will increase or decrease in length depending upon the

diameter of optic portion 28. As the diameter of optic portion 28 increases, the

length of haptic elements 32 decrease. Likewise, as the diameter of optic

portion 28 decreases, the length of haptic elements 32 increase. In general,

haptic elements 32 are formed to be approximately 2.6 to 6.0 mm, but

preferably approximately 3.4 to 5.0 mm and most preferably approximately 4.2

mm in length measuring from the center of inner portion 34 to the center of

11



2s pol y(.\HEMA- co- HOHEXMA) . 9. The intraocular lens of claim1, 2 or 3
wherein said lens is formed froma material having a refractive index above
1.33. 30 10. The intraocular lens of claimi1, 2 or 3 wherein s ?dﬁé@a@l S
formed froman acrylic material. 11. The intraocul ar | ens of cfai ; or
3 wherein said lens is formed froma silicone material.. 20 1 7 APR 2(-~3
12. The intraocular lens of claiml1, 2 or 3 wherein said haptic el enents
are dinmensioned to be equal to or less in a plane generally perpendicul ar
to the eye'wompkfxal axis than in a plane generally parall el RE/USR/24%28' s
optical axis. s 13. The intraocular lens of claiml1, 2 or 3 wherein a glare
reduction zone is forned adjacent to the outer peripheral edge of the optic
portion. 14ouferdipi3fi.r ddapticealements 32 acd praferred 20 bave aldestmipedone or nore of
said haptic io elenments includes a stiffening el enent having a greater

resistance genhaneiion abnliustiten BigDRsSR biid BRIPAIlGH rddialrdbfR¥Ros uPRkk cal
axis than in a plane generally perpendicular to the eye's optical axis. 15.

The intraoc r - ' 2 aptl enent. i ncl udes
2 s o1 ofpRprerire Rres AR bpc P R G RalotBry oo Pufh s bk
consi sting of polyimde, polyolefin, high-density polyester, nylon and
metal . 16. Rrﬁﬁﬁnﬁﬁﬁ’e&ﬂoﬁaﬁﬁfq'ébﬁwﬁéh?ﬁ elem &e.itBRPESM B¥RYem 1, 2 or
3 conprising: formng a disk of a suitable material, and 20 nmachi ning said

| ens from sahdpelirslative 1o the wisith dd thitknassrgtio hice.| the aspadt aatid,@ihapticcl ai m 1,
2 or 3 conprising: creating an incision in a cornea of an eye, and

inserting sajeindrittazegs dbsdridedtterein BLritibaledi avhisstiRibi®furtclibd. egentras 18.
A nmet hod of using the intraocular lens of claiml1l, 2 or 3 conprising:

creating an_jpeai.si i f, i i b 4 dnfraocul ar
Tene i n a pBRfieP B habiE GBITRAT 2 (s ApKinaBly'o,dCt & oifh, AL Ererbrabill
i ntraocul ar | ens, of, cl ai or 3 co isin reating an incision in a
cornea and PEH@XEE%@EM gogpjzaﬁ “Evénff@gg{/?'ﬁéefgb@afgrfam 'I”gﬁggtgf sai d eye, and
inserting said intraocular Ilens in said | ens capsule of said eye.
. AFF. AL. Al . apprexinataly §.2401.8rmmy bt grefarably apprximaeR0A4 to AZLmm and
%B84KT6~7S3ezupkf a[ V] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajesl préd¢licapproaincatelycaiahm inthickaéss ! fi&he 46-46 and

approximately 0.2 to 0.7 mm, but preferably approximately 0.3 to 0.6 and most

preferably approximately 0.43 mm in width in plane 48-48. Transition portion

50 is approximately 0.4 to 1.1 mm, but preferably approximately 0.5 to 1.0 mm

and most preferably approximately 0.8 mm in length. Contact plate 38 is

approximately 0.8 to 2.5 mm, but preferably approximately 1.0 to 2.2 mm and

most preferably approximately 1.8 mm in length, approximately 0.05 to 0.5 mm,

but preferably approximately 0.1 to 0.4 mm and most preferably approximately

0.3 mm in thickness and approximately 0.6 to 1.5 mm, but preferably

approximately 0.8 to 1.2 mm and most preferably approximately 1.0 mm in

width.

As provided through the dimensions of |OL 26 above, haptic elements

32 gradually change from being relatively thin in plane 46-46 at outer tip 36 to

12
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IOL 26. Suitable materials for stiffening element 60 include but are not limited
to polyimides, polyolefins, high-density polyethylenes, polyesters, nylons,
metals or any biocompatible material with suitable stiffening characteristics.
Stiffening element 60 may be used in conjunction with haptic elements 32
described above or in cases where a thinner haptic design is desired while still

achieving the desired flexibility characteristics.
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. M dEYN
are not limited to foldable or compressible materials, such as silicone polymers,
hydrocarbon and fluorocarbon polymers, hydrogels, soft acrylic polymers,
polyesters, polyamides, polyurethane, silicone polymers with hydrophitic
monomer units, fluorine-containing polysiloxane elastomers and combinations
thereof. The preferred material for the production of |OL 26 of the present
invention is a hydrogel made from 2-hydroxyethyl methacrylate (HEMA) and 6-
hydroxyhexyl methacrylate (HOHEXMA), i.e., poly(HEMA-co-HOHEXMA).
Poly(HEMA-co-HOHEXMA) is the preferred material for the manufacture of
IOL26 due to its equilibrium water content of approximately 18 percent by
weight, and high refractive index of approximately 1.474, which is greater than
that of the aqueous humor of the eye, i.e., 1.33. A high refractive index is a
desirable feature in the production of |0Ls to impart high optical power with a
minimum of optic thickness. By using a material with a high refractive index,
visual acuity deficiencies may be corrected using a thinner IOL. A thin IOL,
such as that of IOL 26, is particularly desirable in phakic applications to
minimize potentially harmful contact between the IOL and iris 14 and corneal
endothelium 4. Poly(HEMA-co-HOHEXMA) is also a desirable material in the
production of IOLs 26 due to its mechanical strength, which is suitable to
withstand considerable physical manipulation. Poly(HEMA-co-HOHEXMA)

also has desirable memory properties suitable for IOL use. 10Ls manufactured

from a material possessing good memory properties such as those of
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"10%&: () - O et $RE: potential damage to delicate tissues within the eye.
Poly(HEMA-co-HOHEXMA) also has dimensional stability in the eye.

Although the teachings of the present invention are préferably applied to
soft or foldable I0Ls formed of a foldable or compressible material, the same
may also be applied to harder, less flexible lenses formed of a relatively rigid
material such as polymethylmethacryiate (PMMA) having flexible haptics
formed either of the same or a different material.

Optic portion 28 of IOL 26 can be a positive powered lens from 0 to
approximately +40 diopters or a negative powered lens from 0 to approximately
--30 diopters. Optic portion 28 may be biconvex, plano-convex, plano-concave,
biconcave or concave-convex (meniscus), depending upon the power required
to achieve the appropriate central and peripheral thickness for efficient
handling.

Optic portion 28 of the subject IOL 26 may optionally be formed with a
glare reduction zone 56 of approximately 0.25 to 0.75 mm but more preferably
approximately 0.3 to 0.6 mm and most preferably 0.5 mm in width adjacent
outer peripheral edge 30 for reducing glare when outer peripheral edge 30 of
IOL 26 is struck by light entering eye10 during high light or at other times when

pupil 58 is dilated. Glare reduction zone 56 is typically fabricated of the same
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778e888888dYNC Subject IOL 26 is preferably manufactured by fi rst producmg discs from
a material of choice as described in U.S. Patent Nos. 5,217,491 and 5,326,506
each incorporated herein in its entirety by reference. 10l 26 rﬁay then be
machined from the material discs in a conventional manner. Once machined,
IOL 26 may be polished, cleaned, sterilized and packaged by a conventional
method known to those skilled in the art.

Subject.IOL 26 is used in eye 10 by creating an incision in cornea 12,
inserting 10L 26 in either anterior chamber 6 or posterior chamber 8 and
closing the incision. Alternatively, IOL 26 may be used in eye 10 by creating
an incision in cornea 12 and capsule 7, removing natural lens 16, inserting |IOL
26 in capsule 7 and closing the incision.

IOL 26 of the present invention provides for a refractive lens suitable for
use in lens capsule 7 or posterior chamber 8, but most preferably for use in
anterior chamber 6 of eye 10. 10L 26 has haptic elements 32 with flexibility
characteristics that minimize axial displacement along optical axis OA-OA of
eye 10 thereby preventing decentration of 0L 26, distortion of vision and
damage to corneal endothelium 4. IOL 26, having the flexibility characteristics
described herein is also advantageous because one or a few lens sizes

suitably fit eyes 10 of most sizes. By providing a “universal” lens such as that

of the present invention, clinical risks to patients due to improperly sized lenses
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reducing production and inventory costs associated therewith.
Ophthalmologists also benefit from subject IOL 26 in that timé is saved by
eliminating the need to determine each patient's eye size and costs associated
with maintaining large inventories of varying sized lenses.

While there is shown and described herein certain specific embodiments
of the present invention, it will be manifest to those skilled in the art that various
modifications may be made without departing from the spirit and scope of the
underlying inventive concept and that the same is not limited to the particular

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

the appended claims.
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pevmagenfly connected to the outer peripheral edge and extending beyond
a profile thereof, and

central portions formed in each haptic element having a greater resistance
to bending in a plane parallel to the eye's optical axis than in a plane
perpendicular thereto, whereby, a compressive force sufficient to effect a
1.0 mm in diameter compression of said lens results in less than
approximately 1.0 mm of axial displacement of said optic portion along the
eye's optical axis.

2. An intraocular lens to be implanted within an eye generally perpendicular to the

eye's optical axis comprising:

20

25

an outer peripheral edge defining an optic portion,

three or four U-shaped opposed haptic elements of varying thickness
permanently connected to the outer peripheral edge and extending beyond
a profile thereof, and

central portions formed in each haptic element having a greater resistance
to bending in a plane parallel to the eye's optical axis than in a plane
perpendicular thereto, whereby, a compressive force sufficient to effect a
1.0 mm in diameter compression of said lens results in less than
approximately 0.5 mm of axial displacement of said optic portion along the
eye's optical axis.

3. An intraocular lens to be implanted within an eye generally perpendicular to the

30 eye's optical axis comprising:

an outer peripheral edge defining an optic portion,

three or four U-shaped opposed haptic elements of varying thickness
permanently connected to the outer peripheral edge and extending beyond
a profile thereof, and
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5 1.0 mm in diameter compression of said lens results in [ess than
approximately 0.3 mm of axial displacement of said optic portion along the

eye's optical axis.

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

5. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
material selected from the group consisting of silicone polymers, hydrocarbon and
fluorocarbon polymers, hydrogels, soft acrylic polymers, polyester, polyamides,

15 polyurethane, silicone polymers with hydrophilic monomer units, fluorine-
containing polysiloxane elastomers and combinations thereof.

6. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
hydrogel material.

20
7. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
hydrogel material which is 18 percent by weight water.

8. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from
25 poly(HEMA-co-HOHEXMA).

9. The intraocular lens of claim 1, 2 or 3 wherein said lens is formed from a
material having a refractive index above 1.33.

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

acrylic material.

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

silicone material.
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15. The intraocular lens of claim 1, 2 or 3 wherein the haptic element includes a

15 stiffening element formed from a material selected from the group consisting of
polyimide, polyolefin, high-density polyester, nylon and metal.

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

17. A method of using the intraocular lens of claim 1, 2 or 3 comprising:
creating an incision in a cornea of an eye, and
inserting said intraocular lens in an anterior chamber of said eye.
25
18. A method of using the intraocular lens of claim 1, 2 or 3 comprising:
creating an incision in a cornea of an eye, and
inserting said intraocular lens in a posterior chamber of said eye.

30 19. A method of using the intraocular lens of claim 1,2 or 3 comprising
creating an incision in a cornea and lens capsule of an eye,
removing a natural lens of said eye, and
inserting said intraocular lens in said lens capsule of said eye.



