MULTI FOCAL CONTACT LENSES 5Fi el d of the Invention The invention
relates to contact lenses. In particular, the invention provides a
range of stock- keegoi ng units ("SKUs") for nmultifocal contact |ens
products u¥ P 07{1}1?8@, aspheric base curves for the enti]F%Tw"f“gﬁ’aé.
10Background of the Invention As an individual ages, the eye is
| ess able to accommpdate, or bend the natural lens, to focus on
objects that are relatively near to the observer. This condition is
known as presbyopia. Simlarly, for persons who have had their
natural |ens renoved and an intraocul ar llens inserted as a

repl acenent, the ability to 15 accommobdate is totally absent.

Anmong the nmethods used to correct for the eye's failure to
accommodat e is the use of t héVIBBAFQATALSONBACEIENSEYses in which a
person is fitted with one contact |ens for distance vision and one

| ens for near vi sion. An alternatiyfgﬁﬁiiqg1 rpgides 20 both near and
di stance vision correction on each ¢ontatt Tens worn by the

: ndi vi dual . Afs sti IThe anehti@r rebkdses Et_ﬁitaicvﬁnse@.on‘]gpﬁﬁcﬂla&ﬂ&@&deﬂtioﬂﬁrﬁﬁdﬁ
east one surface provides progressive power fromfar to neay, or,
near to far, [FJAREe Oéﬁ@cg-ﬁswg%@mﬁ%ﬁ&raﬁ%@fgﬁﬁ]ﬁf’%@t lgns pEoqyrisdisiae
typically is pr@gusafridbhddulvel BorIhdatiec FOUGHes for the entire
range of SKUs. This is disadvantageous in that" the m smatch between

t he corneal curvature and the contact |ens curve results in flexing
of the leng,on eye providing notgop rgugdmggin;gel{tio ting lens, but also
alens in V\%i ch the power on-eye experienced by the wearer is changed
fromthe | ens' predenrnbatvidualepes, hddit isdesalbly to accomarodate] enbepy thieor m

bet ween t he bac rface of the. lens, and the,30 corneal surface,
whi ch £ 1m i s SO B S Foqtis gn SRiee bt B TraElymeat RIS SoRer ORI power
di fferences bebnditigh Rkaswh bbpdsiBOpiae SPRilarE e Perid@wBIho hate had their Astugil

alternative, some contact |enses are desi gned usjng corneal..
t opogr aphy ! 1 T OV od A an BURECHAT 1SS InSSTIEq ek TBIARETRSRRMBRADIIY 19 he

| ens conf o418 st Qnih&ia&d R RRaI8f atisétt. corneal surface which it overlays.
These | enses too are di sadvant ageous because 5 of the expense

entailed in providing | enses custoni zed to an individual's corneal

topography. Among the methods used to correct for the eye’s failure to accommodate is

the use of the mono-vision contact lenses in which a person is fitted with one contact

lens for distance vision and on¢ lens for near visior;. An alternative system provides

20 both near and distance vision correction on each contact lens worn by the individual.
As still another alternative, contact lenses in which at least one surface provides

progressive power from far to near, or near to far, power are known.

The conventional contact lens product typically is produced using 1 to 3 base
25  curves for the entire range of SKUs. This is disadvantageous in that the mismatch
between the corneal curvature and the contact lens curve results in flexing of the
lens on eye providing not only a poorly fitting lens, but also a lens in which the
power on-eye experienced by the wearer is changed from the lens’ prescribed power.
Additionally, a tear film may form between the back surface of the lens and the
30 corneal surface, which film is non-uniform in thickness and can cause additional

power differences between prescribed and experienced power.,



Det ai |l ed Description of the Invention and Preferred Enbodi nents 10The
i nvention provides nethods for correcting visual acuity, |enses for
such corregti nmet hods for producing the I enses o .
invention.&%ﬁﬁgﬁﬂgggerred enbodi ment, the nethod of theﬁ?ﬁ5§W?ﬁ%ﬁ”°
permts production of a full range of nultifocal |enses using three
rotationally symmetric, aspheric back surfaces, or base curves, the
desi gn of which base curves is a function of refractive power. The

| enses 15 of the invention will exhibit a better on-eye fit when
conmpar ed to non-custoni zed, conventional %ultifocal contact |enses.
Additionally, the power on-eye the lens wearer will experience wll
be cl oser {0 the | olisn iR, 3oe BAMRS 1hAd MRl EXREH] @R obBarphy

conventional multifocal lens. 20l n one enbodi ment, the 1nvention
provi des a netihodidhdensgesimmoridl of thedrack surface nSthe damp confpmp to dlanghiapa ¢fng
essentially of | StJ . Vi di. i

ot ati onal |y ol el QRS Wil Covel . THER. Bt CUiREH Al AR Sirkfie
error. | n amnotdidic exptasdicmaiiéd intpheviding &nbds@nstpmired dem adivtinhidctorhaahs
conprising, cansisting essentially of, and consisting of: a.) a first
surface havindDEPgﬁﬁb¥t optic zone 25 conprising, consisting
essentially of, and consisting of at |east one nultifocal region; and
b.) a second surface that is an aspheric, rotationall }émsyrmetri c base

curve that is a fundesteipddespintion o thednegntipn and Prefesred Embodignestsy of

the invention that certain generalities regarding the design 30 of

the base cygve of ZThediedtdn profideCRthHG fEPERccY HEi08REY Alehdeh Y s6AN
be used to inprove fit of |lenses to the wearer's cornea while

avoi di ng cust GAITSSHeY. aan¢theds forpradpaingdhe legepsiof thedwyention. I nrefarred
nmet hod of the Jd j I : }H?ﬁ :

full range of el[rrrli})l%tg ﬁéggglll © Iﬁg&ngﬁéftgﬁvgé%{ﬁmggﬁt gucgﬁ? \%gésﬁggia‘?] of
det er mi ned as diulhferildensef usingf threetrote@onatly symmByic,' ésphdricrtacigsairfanesa osbase

that the |enses | de. corr [ or_ - 00,.t 0 0.dj opt of
di st ance corr 28 : %3\13{% %eglgg‘lé).f &glcfc%hobgge cf,urves 151 g fungt%on of rg'i%ac%ve géawg' Tha 1hkes
15 of the invention will exhibit a better on-eye fit when compared to non-customized,
conventional multifocal contact lenses. Additionally, the power on-eye the lens
wearer will experience will be closer to the lens’ prescribed power than that

experienced in a conventional multifocal lens.

20 In one embodiment, the invention provides a method for designing a contact
lens comprising, consisting essentially of, and consisting of the step of providing an
aspheric, rotationally symmetric base curve that is a function of refractive error.

In another embodiment, the mvention provides a contact lens comprising, consisting
essentially of, and consisting of: a.) a first surface having a first optic zone

25 comprising, consisting essentially of, and consisting of at least one multifocal
region; and b.) a second surface that is an aspheric, rotationally symmetric base

curve that is a function of refractive error.

It is a discovery of the invention that certain generalities regarding the design
30 ofthe base curve of a contact lens can be made, which generalities can be used to
improve fit of lenses to the wearer’s cornea while avoiding customizing the lens to

an individual’s cornea. In the method of the invention, either two or three base



5 +3.00 diopters of near vision correction. Certain studies have
denpnstrated that the human cornea is best npodeled as a biconic in

terns of urvature and two aspheric constants
orthogonamfaﬁbﬁﬁkwgnd O +n/2 and 2. Additionally, it ?éﬁe’ﬁ%@ﬁ&f‘%
the apical 10 curvature of the cornea in a hyperopic eye is flatter

and nore spherical, meaning | ower apical curvature and | ower val ues
of negative asphericity, than the apical curvature of in a nyopic

eye, which will have a higher curvature and higher |evel of negative
asphericity. However, the magnitude of thk difference between the two
asphericity constants is typically small. 15 It is a discovery

of the presente-nXestd Al rddddlbr hl‘lmfoJal Ieﬂf&%r&dé}ﬂﬁﬁéfc? the Al bike

symretric, aspheric curves can be calculated and used as base curves
across a full detpginedfs fimctiorf ofgafractivacmet Byl snger méans disk the lerses
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ec2p2)1/2 ) erern val ue as

pis the radi al’r3.Qibchoptmmpfﬁeammstdme:ohedstmncenter; c is the apical
(vertex) curvature; and 25 e is the asphericity constant, which is
related to the conic constant as x = ¢ -1. Three, concave, radially

symmetric aspheri C Cephin@hudddshabedenidiirdted thattB®hemdn RS besVodeled as
2007/ 112308PCTA1S20Q07/ 064785
a biconic in terms of an apical curvature and two aspheric constants measured
orthogonally at 0, and 0 + 7/2 and 2. Additionally, it is known that the apical
10 curvature of the cornea in a hyperopic eye is flatter and more spherical, meaning
lower apical curvature and lower values of negative asphericity, than the apical
curvature of in a myopic eye, which will have a higher curvature and higher level of
negative asphericity. However, the magnitude of the difference between the two
asphericity constants is typically small.
15
It is a discovery of the present invention that two or three concave, radially
symmetric, aspheric curves can be calculated and used as base curves across a full
range of multifocal contact lenses. Preferably, the curves are calculated using the
equation:

20 z(p) = cp™/(1 + (1 - ec’p?)'?)

wherein z is the sag value as a function of the radius p;
p is the radial position from the lens center;
¢ is the apical (vertex) curvature; and

25 g is the asphericity constant, which is related to the conic constant as x = g -1.

Three, concave, radially symmetric aspheric curves are set forth in Table 1

below.



4 Table 1 Sphere (diopters) Apical Curvature (mr) Asphericity
Constant About -12 to about -2 7.8 +/- 0.2 -0.25 +/- 0.02 About -2 to

about +2 8y, /119808 PCT/US2007/064785
4
Table 1

Sphere (diopters) Apical Curvature (mm) Asphericity Constant

About -12 to about -2 7.8+/-02 -0.25 +/- 0.02

About -2 to about +2 8.0+-02 -0.17 +/-0.02

About +2 to about +12 82+/-0.2 -0.10 +/- 0.02

5

Alternatively, two base curves having the following apical curvatures and

asphericity constants can be used:

Table 2
Sphere (diopters) Apical Curvature (mm) Asphericity Constant
About -12 to about 0 7.8+/-0.2 -0.25 +/-0.02
About 0 to about +12 82+/-02 -0.10 +/- 0.02

10

The invention may be used to design and manufacture many types of contact
lenses, but may find its greatest utility in the design and manufacture of multifocal
contact lenses. Thus, the front surfaces of lenses of the invention may incorporate

15 any of a number of multifocal corrections including, without limitation, bifocal and

progressive correction.

In a preferred embodiment, the front surface of the lens has a central optic
zone with at least two concentric annular zones of spherical power. The central
20 optic zone may provide near or, preferably, distance optical power. By “distance
optical power” and “near optical power” is meant the power required to correct the
lens wearer’s distance vision and near vision power, respectively. The power of one
of the annular zones is substantially equal to that of the distance optical power and

that of the other annular zone is substantially equal to that of the near vision power.




-0.17 +/- 0.02 About +2 to about +12 8.2 +/- 0.2 -0.10 +/- 0.02 5
Alternatively, two base curves having the foll ow ng apical curvatures

and asphchJ‘Mwﬁ petants can be used: Table 2 Sphere (F(j:ﬂﬂgﬁﬁﬁ(}sﬂss
Api cal Curvature ?rm)

The surface may have additional annular zones with distance optical power, near

optical power, intermediate optical power, or power in a range between that of the
5 distance and near optical power, or combinations thercof. For example, the surface

may have three to five additional annular zones of alternating distance and near

vision power.

Alternatively, the front surface optical zone may be a progressive power

10 zone. By “progressive power zone” means a continuous, aspheric zone having 2
distance vision power region and a near vision power region, and a transition region
of increasing or decreasing dioptric power connecting the distance and near regions.

Additionally, the lensés of the invention may have any of a varicty of corrective
optical characteristics incorporated onto the surfaces in addition to distance and near

15  optical powers, such as, for example, cylinder power.

Contact lenses useful in the invention may be either hard or, preferably, soft
lenses. Soft contact lenses, made of any material suitable for producing such lenses,
preferably are used. lllustrative materials for formation of soft contact lenses

20 include, without limitation, silicone elastomers, silicone-containing macromers
including, without limitation, those disclosed in United States Patent Nos.
5,371_,147, 5,314,960, and 5,057,578 incorporated in their entireties by reference,
hydrogels, silicone-containing hydrogels, and the like and combinations thereof.
More preferably, the surface 1s a siloxane, or contains a siloxane functionality

25 including, without limitation, polydimethyl siloxane macromers,
methacryloxypropyl siloxanes, and mixtures thereof, silicone hydrogel or a
hydrogel. Tllustrative materials include, without limitation, acquafilcon, etafilcon,

genfilcon, lenefilcon, senofilcon, balafilcon, lotrafilcon, or galyfilcon.

30 The lenses of the invention may be formed by any conventional method. For

example, the optic zones may be produced by diamond-turning the zones into the



Asphericity Constant About -12 to about 0 7.8 +/- 0.2 -0.25 +/- 0.02
About O to about +12 8.2 +/- 0.2 -0.10 +1- 0.02

WO 2007/112308 PCT/US2007/064785

molds that are used to form the lens of the invention. Subsequently, a suitable liquid
resin is placed between the molds followed by compression and curing of the resin

5 to form the lenses of the invention. Alternatively, the zones may be diamond-turned
into lens buttons. Any of a variety of known methods for the manufacture of

multifocal contact lenses may be used to producer the lenses of the invention.



10 The invention may be used to design and manufacture many types of
contact |enses, but may find its greatest utility in the design and
manuf acture of nultifocal contact |enses. Thus, the front surfaces of
| enses of the invention may incorporatge. 15 any of a nunber of
mul ti focal corrections including, without limtation, bifocal and
progressive correction. In a preferred enbodi nent, the front
surface oWhhhieclabn&l igas a central optic zone with at | east two
concentric annul ar zones of spherical power. The central 20 optic
zone may provide near or, preferably, distance optical power. By

"di st ancel.opmettald foodesignimnal cbmectrlersptom@atisiggihe rstepi of prexdding tah espleviey
required to C°r6FCt t he Lens wea en'ziﬁislan%e Vi si on_and,near ,vi.Si on

pover, r OREPILYEIHImERR DRSS VeI 8 TBRCoR O SFfTTNS cugn&desern the base

subst ant | @ie/isediéaied tbnt Bt grohp E&%ﬁs@hg 0B R sIORMrfa6 & haRONR lspRdtE pbiat of
the other annul ar zone is substantially equal to that of the near

vi si on powent —15 tqigbowfur? déapterhyarm apiealaaayatie refl abaph disaf—Obmes apdian
di stance Qptdfedl DR of Bét %5#&”6.%?%“&?01% %&—@Eé&?&'&iﬁ%ﬁ sBRArk BBver of

power, or power-in a range between that o stance and near
opti cal pabeetr 2ap aenbiHiadibprs, therpénl cufaturexdmpbe, 8.0he-0 nfracad nay
have three 1o, five additional nul zqnes. of alternating, di stance
ond - near opLisity Sl ohr bR nQObI2 FAE Bl i Felas “GRhite 2 Ve
may be a HoeghHeSsi beuPeYRdicktrs, 0RE apiBil cuPFAGE &TSAb6at BOWEH).Z QiR "andBaNS
a continuous, aspheric zqgne having a distance vision power region and
a near viapeasicEpaemstangef Beut 20 0-PAnsi ti on regi on of increasing or
decreasing dioptric power connecting the distance and near regions.

Additional ly, the Ienses of the invention nmay have any of a variety
of corr eck iThe myphdded]clagtndy, Auther canprosng the step of atordlimga frontrarfacy Hayoes

in addition i di.stance and.near, 15 optical. powers, .such as, for .
exanpl e, zbgﬁn rﬁlao&hc &8%?qmpnsmg tanc? PRehr dsior power and at fedstFo cotdentric
annular zones of power, each of the annular zones comprising distance or near vision

power.

3. The method of claim 1, further comprising the step of providing a front surface having

an optical zone that is a progressive power zone.

4. A method for designing a contact lens, comprising the step of providing an aspheric,
rotationally symmetric base curve that is a function of refractive error, wherein the base
curve is selected from the group consisting of a first surface having a sphere power of
about —12 to about 0 diopters, an apical curvature of about 7.8+/~0.2 mm and an
asphericity constant of about —0.25+/-0.02 and a second surface having a sphere power
of about 0 to about +12 diopters, an apical curvature of about 8.2+/-0.2 mm and an

asphericity constant of about —0.10+/-0.02.

5. The method of claim 4, further comprising the step of providing a front surface having
a central optic zone comprising distance or near vision power and at least two concentric
annular zones of power, each of the annular zones comprising distance or near vision

power.



Contact |enses useful in the invention may be either hard or,
preferably, soft |enses. Soft contact |enses, nmade of any materi al
suitabl e for producing such | enses, preferably are used. Illustrative
materials for formation of soft contacg_|enses 20 include, wthout
limtation, silicone elastoners, silicone-containing macroners
including, without Iimtation, those disclosed in United States

Pat ent No$. The @éthod éf7claim 3 1frtRéGompricing HeSteptofProvidiag pdroat afifacahivies r
entireties by reference, hydrogels, silicone-containing hydrogels,

and the | #KPUGHFORS M3 B ARTOHESHKAWEE “Msr e preferably, the surface is
a siloxane, or contains a siloxane functionality 25 including,

W thout limtation, polydinmethyl siloxane nacroners,
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formthe | ens of the.invention. Sulseguently, a suitaple I| resin
is pl aceo‘Lﬁéfq}d@ecr?nflﬁfé“gn%‘ie e awifweg@ ﬂss LR 6191 & et crie galft Tthe
resin 5 t@ohtersMud dfcdl eRSB/IrO6S b6t 7. @Wef]tzllﬁ:'ﬁ an&'ah%ﬁlﬁhbffﬁb%stahh@f #RUES
may be di anond-turned into | ens buttons. y a vari et nown

met hods o2 e0-Griufesendusuataed hawing & srbee pqsmto&@boqteﬁste@gmwmomgréd
to produc r /-

A net hod g%s#%ﬂ?ﬁ% g%é%ﬁﬁé QM%S%%QHm m“%ﬁglngh?hggr%ﬁkgE€0¥ dbout
provi di ng—(hrﬂﬂs(phbrancb a thitdasirfaoaltayingyarspitere potvars ef abouter2 hatabog 812

function refracti Y€, Srror ere curve |s sel ected from
e or oS Srinikg) VAR daPOGTE Ao At g 4 Semirary GGG o oot
about - 12 ¢ m+abpod. -2 di opters, an apical curvature of about 7.8+/-02
mnm and an asphericity constant of about -0.25+/-0.02, a second
surface having a sphere power of about -2 to about +2 diopters,

api cal cufv o) t-8 i ci o]

about - 0%7?15&(5&8 ¢ @%ﬂg t hfvgg egnurl}%aggt ﬁéggflaﬁé; Cgﬁgnﬁar% %gum%r H%ticag

+2 to abmmtnpﬁiﬁgdimmce reg ,neanvigiohgmiwec and at lens tob ca:bomtritsamm;laro:oﬁesrm
and an aﬁgper|0|ﬁ%& nst ant of about. 8 2. The met hod of
claim 1, HOSFHIFEF ¢ FHGORRECEPERTS 15%’?‘8‘?/?%‘}3&@“5‘0%8‘#(?" surface
having a central optic zone conprising distance or near vision power
and at | east two concentric annul ar. zones of power, each of the

annul ar Zbnds ‘eBnpf claim /> draren dhe éirstr?éafﬁcevwmﬁ%éwtwalszomrﬁbﬂt is a
met hod ofrgr@%“k#m“gy&hger conprising the step of providing a front
surface ng an optical zone that is a progressive power zone. 4.
A net hod for deS|gn|ng a contact |ens, conpr|5|ng t he step of

provi din rotation ) trlc
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about -12 to aboyt O diopters, an apical curvature of about 7.8+1-0.2

mm and arPag&PHES et is2 E@ﬁ%%ﬂﬁ reéﬁcta‘tﬁcﬁﬁfor»wh‘?sm/t QbEss cupg 18 selgcterh fom
surface hayiLpg Pacoﬁﬁﬁﬁfgeoﬁw\ﬁ?srt sﬁffa&bﬁ&ﬁngoa d&e@ﬁb\&rer"‘éfza%hppﬁ?rté ab&f 0
api cal curvature of about 8.2+1-0 mmand an asphericity constant of
about - 0.digptdrs,anga@ical curvature of about 7 8+/-0.2 mm and an asphericity constant of about
—0.25+/—0.02 and a second surface having a sphere power of about 0 to about +12
diopters, an apical curvature of about 8.2+/—0.2 mm and an asphericity constant of about

—0.10+/-0.02.



5. The method of claim4, further conprising the step of providing a

front surface having a central optic zone conprising distance or near
vi sion power and at |east two concentric annular zones of power, each
of the annul ar zones conprising di stange or near vision power. -8-

6. The nethod of claim4, further conprising the step of providing a

front surface having an optical zone that is a progressive power

zone. 7.1 Emniastofl daim 160mbeiesi thy: fisst )sudadel cabprivgs faacentdahwphg zane

first optic zone conprising a. multifocal, region: and h.) a second

sur f ace ¢ HERATR e SR & Vs fatevishan ot SR e aBu et ot

i s a funcpdvest, @th bethe agihilmezoBEy mprishgdtitihct bendaasRicapover.i s sel ect ed
fromthe group consisting of a first surface having a sphere power of
about -12 to about -2 diopters, an apical curvature of about

7. 8+1- 0. 217MHRANEn A5 A%Re6,] v%éré‘inctﬁé‘%trﬁ][éhrfﬁ’ée ahtses fh 3%&1:1 9%1%2tha@is a

second surface having a sphere power of about -2 to about +

di opt er s, pragresgiveciwer @pneat ur e of about 8.0+1-0.2 nm and an
asphericity constant of about 0.17+1-0.02 and a third surface having
a sphere power of about +2 to about +12 diopters, an apical curvature
of about 8.2 +1-0.2 mm and an asphericity constant of about
0.10+1-0.02. 8. The lens of claim7, wherein the first surface
conprises a central optic zone conprising distance or near vision
power and at |east two concentric annul ar zones of power, each of the
annul ar zones conprising distance or near vision power. 9. The |ens
of claim?7, wherein the first surface conprises an optical zone that
is a progressive power zone. 10. A contact lens, conprising: a.) a
first surface having a first optic zone conprising a nultifocal
region; and b.) a second surface that is an aspheric, rotationally
symmetric base curve that is a function of refractive error, wherein
the base curve is selected fromthe group consisting of a first
surface having a sphere power of about -12 to about O diopters, an
api cal curvature of about 7.8+1-0 2 mm and an asphericity constant of
about -0.25+1-0.02 and a second surface having a sphere power of
about O to about +12 diopters, an apical curvature of about 8.2+/-0.2
mm and an asphericity constant of about 0.10+1-0.02. -9- 11. The

| ens of claim10, wherein the first surface conprises a central optic
zone conprising distance or near vision power and at |east two
concentric annul ar zones of power, each of the annul ar zones
conprising distance or near vision power. 12. The lens of claim 10,
wherein the first surface conprises an optical zone that is a
progressi ve power zone.



