MULTI FOCAL CONTACT LENSES Field of the Invention The
invention relates to contact |enses. In particular,
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("SKUs") for multifocal contact |ens products using

t hree, aspheric base curves for the entire SKU range.
Background of the Invention As an individual ages, the
eye is less able to accommobdate, or bend the natura

l ens, to focus on objects that jare relatively near to

t he observer. This condition is known as presbyopi a.
Simlarly, for persons who have had their natural |ens
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surface provides progressive power fromfar to near,
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contact |ens product typically is uced using 1 to
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di sadvantageous in that the m smatch between_ the )
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i n bl Eubng 1Qbwhis presbyopia. Similarly, for persons who have had their natural
lens removed and an intraocular lens inserted as a replacement, the ability to

15 accommodate is totally absent.

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 one lens for near vision. 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.



| ens on eye providing not only a poorly fitting Iens,

but also a lens in which the power on-eye experienced
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power. Additionally, a tear filmmay form between the

back surface of the lens and the corneal surface,

which filmis non-uniformin thickness and can cause
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experienced power.As an alternative, sonme contact

| enses are designed using corneal topography in which

| enses sone or all of the back surface of the |ens
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Description of the Invention and Preferred Enbodi nents
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enbodi ment, the nethod of the invention permts
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or base curves, the design of which base curves is a
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conventional multifocal lens.” I'n one enbodi nent, the
i neenves,dle gastan ddedhich bast kude$ ora idedtignifngractiveompwaet. The lenses
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 invention 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 of the 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



| ens conprising, consisting essentially of, and
consisting of the step of providing an aspheric,
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of refractive error. In another enbodinent, the
i nvention provides a contact |ens conprising,
consisting essentially of, and consisting of: a.) a
first surface having a first optic zone conpri sing,
consisting essentially of, andjconsisting of at |east
one nultifocal region; and b.) a second surface that
is an aspheric, rotationally symetric base curve that
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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) = cpz/(l + (1 - sczpz)l/2 )

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

25 ¢ 1is the asphericity constant, which is related to the conic constant as k = ¢ -1.

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

below.



negative asphericity. However, the magnitude of the

di fference between the two asphericity constants is

W yp7asd3dy small. It is a discovery of the preBEHUS2007/064785
invention that two or three concave, radially
symetric, aspheric curves can be cal cul ated and used
as base curves across a full range of nultifoca
contact |lenses. Preferably, the curves are cal cul ated
using the equation: z(p) = cp2/(l + ( 1 - ec2p2)1/2)
wherein z is the sag value as a function of the radius
p; pis the radial position fromthe |lens center; c is
the apical (vertex) curvature; and e is the
asphericity constant, which is related to the conic
constant as K= e - 1. Three, concave, radially
symmetric aspheric curves argggetf) forth in Table 1
below Table 1 Alternatively, two base curves having
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corrections including, without Iimtation, bifocal and
Alternatively, two base curves having the following apical curvatures and

5

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.



progressive correction. In a preferred enbodi nent, the
front surface of the lens has a central optic zone
WoORam18308 east two concentric annul ar zones of PCT/US2007/064785
spherical power. The central optic zone may provide
near or, preferably, distance optical power. By
"di stance optical power" and "near optical power" is
nmeant the power required to correct the lens wearer's
di stance vision and near visiog 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 annul ar zone is substantially equal to

h of the near visi.on r The surface may .have
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optical characteristic 1ncorp0rate onto the surtaces 1n addition t dlstance 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. Illustrative 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 is a siloxane, or contains a siloxane functionality

25 including, without limitation, polydimethyl siloxane macromers,
methacryloxypropyl siloxanes, and mixtures thereof, silicone hydrogel or a
hydrogel. Illustrative 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



| enses. Soft contact |enses, nmade of any materi al
sui tabl e for producing such | enses, preferably are
W@e@d1123h8 ustrati ve materials for formati on of PEDUS2007/064785
contact lenses include, without Iimtation, silicone
el astoners, silicone-containing macroners including,
without Iimtation, those disclosed in United States
Patent Nos. 5,371,147, 5,314,960, and 5, 057,578
incorporated in their entiretigs by reference,
hydrogel s, silicone-containing hydrogels, and the |ike
and conbi nati ons thereof. Mre preferably, the surface
is a siloxane or contains a siloxane functionality
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by di anond-turning the zones into thenolds that are

used to formthe lens of the invention. Subsequently,
a suitable liquid resin is placed between the nol ds
foll owed by conpression and curing of the resin to
formthe lenses of the invention. Alternatively, the
zones may be dianond-turned into | ens buttons. Any of
a variety of known nethods for the manufacture of
mul ti focal contact |enses nmay be used to producer the
| enses of the invention.Wiat is clainmed is: 1. A

met hod for designing a contact |ens, conprising the
step of providing an aspheric, rotationally symetric
base curve that is a function of refractive error.



2. The method of claim1, wherein the base curve is

cal cul ated using the equation: zfp) =cP 2/(1 + ( | -
weedp2)2BP® ) wherein z is a sag val ue as a fune€T/o82001/064785

aradius p; pis a radial distance fromthe |ens

center; c is the apical (vertex) curvature; and e is

the asphericity constant, which is related to the

conic constant as K=e - 1. 3. The nethod of claim1,

wherein the base curve is selegted fromthe group

consisting of a first surface having a sphere power of

about -12 to about - 2 diopters, an apical curvature

of abou
about -EV%%IS

power of about - 2 to about +2 dlogters an apica

curvatuﬂe of Aameilipd gorglesigning axopinc
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8 .2 mm and an asphericity constant of
02, a second surface having a sphere
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dloﬂhﬁnsemam'aplcal curvature of about 8.2 +/- 0.2 mm
and an asphericity constant of about -0.10 +/- 0.02.
4. The method of claim 1, wherein the base curve is
sel ected frOq%EH%ﬂQMQHQk%QWSh%kkﬂ@ﬂﬁﬁmﬁ:&h&ékcﬁ%ﬁﬁ&%ﬁmngthe
having a sphere power of about -12 to about
10di epeagios; an api cal curvature of about 7.8 +/- 0.2 mMm
and an asphericity constant of about -0.25 +/- 0.02
and a second surface having a sphere power of about O
to about+12 diopters, @n= @Bbgal(pu&y§@U%p of about 8.2
+/- 0.2 mm and an asphericit
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wherein z is a sag value as a function of a radius p;
p is a radial distance from the lens center;
c is the apical (vertex) curvature; and

¢ 1s the asphericity constant, which is related to the conic constant as k = ¢ -1.

3. The method of claim 1, wherein the base curve is selected from the
group consisting of a first surface having a sphere power of about —12 to about —2
diopters, an apical curvature of about 7.8 +/- 0.2 mm and an asphericity constant of
about -0.25 +/- 0.02, a second surface having a sphere power of about -2 to about +2
diopters, an apical curvature of about 8.0 +/- 0.2 mm and an asphericity constant of
about -0.17 +/- 0.02 and a third surface having a sphere power of about +2 to about
+12 diopters, an apical curvature of about 8.2 +/- 0.2 mm and an asphericity

constant of about -0.10 +/- 0.02.

4, The method of claim 1, 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



constant of about -0.10 +/- 0.02. 5. The nethod of
claim1, further conprising the step of providing a
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di stance 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. 6. The
nmet hod of claim 2, further conprising the step of
providing a front surface havigg a central optic zone
conprising distance or near vision power and at | east
two concentric annul ar zones of power, each of the
anrll dioprones ap@apeursitmig ofiabdwersc2+610. near and &i asphericity
power. 7. _.The @o of, claim3, further conprising
théogﬁ%ﬁog?mb?gSi fg&‘g'front surface having a central
opti c zone conprising distance or near vision power
and at | east two concentric annul ar zones of power,
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colioP SFRES b sorted OpTCeEicRgPE P glyansgof B vision power
hayhdgt [8ast 8RS EdHceRPiciafinARNRNEOIPdvdrNéhch oS HRNGAUIAF zones
near vision power and at |east two concentric annul ar
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di stance or near vision power. 9. The nethod of claim
1, further conprising the step of providing a front
1osur f aceohavi Mye atetiaptdfeddim2Q fgrtHchadmpSsifg edWpastpirordding a
power zone. 10. The nethod of claim 2, further o
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and at least two concentric annular zones of power, each of the annular zones

comprising distance or near vision power.

15 7. The method of claim 3, 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.

20 8. 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.

25 9. The method of claim 1, further comprising the step of providing a

front surface having an optical zone that is a progressive power zone.

10. The method of claim 2, further comprising the step of providing a
front surface having an optical zone that is a progressive power zone.

30



front surface having an optical zone that is a
progressi ve power zone.1ll. The nethod of claim 3,

W0 erovhesogonpri sing the step of providing a freeE/US2007/064785
surface having an optical zone that is a progressive
power zone. 12. The nethod of claim4, further
conprising the step of providing a front surface
havi ng an optical zone that is a progressive power
zone. 13. A contact lens, conpgising: a.) a first
surface having a first optic zone conprising a
mul tifocal region; and b.) a second surface that is an
aspheri d]. r offat n@ald of ckymnte furtler bampridug the stdpadf previding a
fu?ction of refractive erroF..14. The I ens of claim
13/ropheir &R P HBS BasI@LFe (T 134 PRErasya PAYFHEP the

equation: z(p) = cp2/(l + ( 1 - ec2p2)1/2 ) wherein z

is a sag value as a function of a radius p; pis a
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(v rtgﬁéfcupvature' and e iﬁtthe asphericity constant,
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15. The lens of claim 13, wherein the base curve is

sel ected fromthe group consisting of a first surface

havi ng a3sphér @ngsiens.compsising: .12 firy sadedgthaving a first optic zone

di . i cal _curv re. of +/ -
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about +2 diopters, an apical curvature of about 8.0

+/- 0.2 mm and an asphericity constant of about -0.17
+ - 0. 024and Tae {amis of cloum fl Aceheigin theybase sprisiecyevetied gsing the

abg&&n$g:to about
15 z(p) = cp’/(1 + (1 - &c’pH)'?)

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

20 ¢ 1is the asphericity constant, which is related to the conic constant as k = ¢ -1.

15. The lens of claim 13, wherein the base curve is selected from the
group consisting of a first surface having a sphere power of about —12 to about —2
diopters, an apical curvature of about 7.8 +/- 0.2 mm and an asphericity constant of
25 about -0.25 +/- 0.02, a second surface having a sphere power of about —2 to about +2
diopters, an apical curvature of about 8.0 +/- 0.2 mm and an asphericity constant of
about -0.17 +/- 0.02 and a third surface having a sphere power of about +2 to about
+12 diopters, an apical curvature of about 8.2 +/- 0.2 mm and an asphericity
constant of about -0.10 +/- 0.02.
30
16. The lens of claim 13, wherein the base curve is selected from the

group consisting of a first surface having a sphere power of about —12 to about 0



+12 di opters, an apical curvature of about 8.2 +/- 0.2
mm and an asphericity constant of about -0.10 +/-
wW@2®2112888 The | ens of claim 13, wherein the bRECEUS0VEH4785
is selected fromthe group consisting of a first
surface having a sphere power of about -12 to about
Odi opters, an apical curvature of about 7.8 +/- 0.2 nm
and an asphericity constant of about -0.25 +/- 0.02
and a second surface having a gphere 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. 17. The lens of claim 13, wherein the

first surface co rise tic zone
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surface c rls tral optic zone conprising
di§?%i%%og? ¢§% éﬁb "power and at |east two
concentric annul ar zones of power, each of the annul ar

zones conprising distance or near vision power. 19.
The | end7of dhaians pbclaithdp evhereinghg firss surage gmprises a central
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di stance or near vision power. 20. The lens of claim
16 VIS ®THh: t he first surface conprises a central

18. The lens of claim 14, wherein the first surface comprises a central
optic zone comprising distance or near vision power and at least two concentric
15 annular zones of power, each of the annular zones comprising distance or near

vision power.

19. The lens of claim 15, wherein the first surface comprises a central
optic zone comprising distance or near vision power and at least two concentric
20 annular zones of power, each of the annular zones comprising distance or near

vision power.

20. The lens of claim 16, wherein the first surface comprises a central
optic zone comprising distance or near vision power and at least two concentric
25 annular zones of power, each of the annular zones comprising distance or near

vision power.

21. The lens of claim 13, wherein the first surface comprises an optical
zone that is a progressive power zone.
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optic zone conprising distance or near vision power

and at | east two concentric annul ar zones of power,
we2wm166308 he annul ar zones conpri sing di st ancePOF/USAT/064785

vision power. 21. The lens of claim 13, wherein the

first surface conprises an optical zone that is a

progressi ve power zone.22. The |lens of claim 14,

further conprising the step of providing a front

surface having an optical zonejjthat is a progressive

power zone. 23. The lens of claim15, wherein the

first surface conprises an optical zone that is a

progres8lve faemsobneim 24, fufther doengisofg tht steprofproviding a front

wher |n the first. urfa conprises an optical zone
t hayrigcg V]ﬂg 616 Ioggga[ \;gnebéwells a%q@esswe powe? Zone.

5 23. The lens of claim 15, wherein the first surface comprises an optical

zone that is a progressive power zone.

24. The lens of claim 16, wherein the first surface comprises an optical

zone that is a progressive power zone.



