MULTI FOCAL CONTACT LENS DESI GNS UTI LI ZI NG PUPI L A PODI ZATI ON Fi el d of
the Invention 5The invention relates to multifocal ophthal mc |enses.
In particular, the invention provides contact |enses that provide
correction for presbyopia using nultifocal designs that are scaled to
an individual, or group of individuals, based on both pupil size and
the Stiles-Crawford effect. 10Background of the Invention As an
i ndi vidual ages, the eye is |l ess able to accommbdate, or bend the
natural lens, to focus on objects that are relatively near to the
observer. ThW® 2864803 on i s known as prcsbyopi a. Sim PEFPS2007/06832
persons who have had their natural |ens renpbved and an intraocul ar

| ens inserted as a replacenent, the ability to 15 acconmopdate is
absent . Anong the nethods used to correct for the eye's failure
to accommpdate are | enses that have nore than one optical power. In
particular, nmultifocal contact and i ntradcul ar | enses have been

devel oped in which zones of distance and near, and in 20 sone cases

i ntermedi ate, pdWBETIAPEAPrEONTRG. LENS DESIGNSILE TIKIABY P UNAARGDIZATION

i ndividual's pupil size varies with age, |um nance and di stance from
the eye to the object being viewed. For exanple, as |um nance

i ncreases, pupil size decreases whFicldof e lnyemipson ages, the pupil’s

response to 25 changes ihRndidn! il 18 tulifocdl J¥hMiRRAShscsHAYBYR  bar, BRTE
conventional nultifocal contact |enses typically do not account for

pupi | size and, Uvprion pegvides ‘é’%‘“é?“ﬁ‘f“é‘i‘aéPfPV1F?1°°6‘F§’PP fBathYgPIr Pt to the
| ens wearer in a;hdlutwdewsﬂg@ 160 Bidistdl AN an iEVEIGual, Br HHASE ilddAGERS, Hakdion

account for pupil siz account for the fact that
the cones of th&° @§%p§? H%Wﬁggﬁhé??gvg%ﬁt light rays that strike
per pendi cular to the cones' surface 30 than other rays. Thus, the

intensity ofléhe response to llgﬁ%*%é$g%fﬁ%h8% Bgar the center of the

pupill ary aperture and decreases a phenonenon 2
known as the Stil es-& anifdviduabigesdhe cpf isidavablete sqcorkmn@t% oidend bs

Crawford Effect” nat@fal let%qg facus a-rh(%lj&ts%a?are rré‘]a@ivgﬁﬁéar %'tmger%‘?swlg for a

| ens cannot be obtalne by nmerely matchin e size of the optical
zones of a mul t icPwslition iy kAN pypreshxapiig Sm{aéy dugeisens who 8?1‘1%?&‘%)&!1&? nagilz e

Rat her, the desu@@reméséd Jn@-Kr@mhﬁHc@laﬁ@rﬁ%@ﬁedQQﬁQpﬁi&%ﬁeﬁtuﬁh hvigy 42 and the
Stiles-Crawford Eff Brief Description of the Draw ngs

Figure 1 depﬂ%t§“ﬁmﬁﬁp¥?F8@ﬁW | ens design. 10 Figure 2 depicts the

design of Figure 1 scaled to account for pupil size. Detailed

Description of the | ﬂl\ﬂgn%ttheomnetl?o%g uslgcri ?of Sht& gor It':hrertt)ag(/)eds g&u% R accommodate are
lenses that have more than onc optical power. In particular, multifocal contact and
intraocular lenses have been developed in which zones of distance and near, and in

20  somg cascs intermediate, power arc provided,

It is known that an individual’s pupil size varies with age, luminance and
distance from the eye to the object being viewed. For example, as luminance
increases, pupil size decreases while, as a person ages, the pupil’s response to

25 changes in illumination diminishes. However, some conventional multifocal contact
lenses typically do not account for pupil size and, thus, are less efficient in
distributing light to the lens wearer in all viewing conditions. Even in those lenses
that account for pupil size, the lenses do not account for the fact that the cones of the
eye are more sensitive to light rays that strike perpendicular to the cones® surface

30 than other rays. Thus, the intensity of the response to light pcaks at or ncar the

center of the pupillary aperture and decreases towards the edges, a phenomenon



15 The invention provides a contact |ens, and nethods for producing
the lens, which lens corrects for the wearer's refractive
prescription by taking into account pupil size along with the SCE
The nethod of the invention is useful in designing both nultifocal
contact and intraocul ar |lenses, but may find its greatest utility in
providing nmultifocal contact |ens designs. 20 I n one

enbodi nent, the invention provides a nethod for designing a contact

| ens, conprisin consi sting essentially of, and conS|st|n9 of the
steps of: a. Woﬁ‘BQ?@an an optical design; and b. ) scEFVRRMAEs2
optical design based on pupil size and SCE. 25 In the first
step of the invention, a nultifocal optical design is provided. The
design may be any desired nultifocal design, but preferably the
design contains at least two, radially symmetric zones: a first zone
that is a central zone and a second zone that is an annul ar zone t hat
surrounds the central zone. Preferably, the central 30 zone is a

di stance vi sion Eﬁﬁemt%ﬁ%ﬁ?ﬁﬁ“ﬁ“ﬁéﬁ@“Pﬁ&ﬁhﬂﬁﬁwﬂ“ s O B REFCT ¥qui r ed
to substantial | ysconr ekdcéBahd RBS/ MBS fob 2 RhSdadidE Be dbkaFic@By AGMIxt Y O

t he degree desired nul ar zone. p rably is.a.near vision

zone, meaning a "N @gﬁﬁéﬁze B’ra S PRYEY Z‘Erﬁ%°f5‘d(ﬂﬁ?f°?ag‘gﬁ%lbryé%”‘cgdm° account

subst anti al | y5 cenkegpil s‘izheRhmasthmrgemua take &ito Att@inObvttatiepdpyl stz0artdhiee 5

degree desired. at i %ﬁhx t he near vision zone may be biased up
e%?raw ord

to about 0.5 di Sto prOV|de i nternedi ate vi sion correction.
More preferably, the design includes a second annul ar zone t hat

provi des distance vision corree&kpgsm@ﬁgn&qﬂpﬁgwggsaddltlonal zones
may be included in the 10 design, zones may provi de one or nore

of distance or near visi Siguedrderiels b ohltiGrcalilers desieadi at e power, meaning
corrective péher between that of the near and di stance power. For
illustrative purposes, a ﬁ%@@ﬁ?@Eamcﬁﬁéﬁgﬁﬁﬁmcﬂ§”&éﬁ1%%%@t@hmPﬂgure
1. The design i sjzgonposed of a central distance vision zone 15, a
first annular zone of near vision power 16 and a second annular zone
of distance vision 15 pawer. The radii of.the r i

Che Tiret annul ar zon@ORepBeser D fidm SHEBAG SRR A BaREt 3+ i s
1, 2, and 4 mfn respBetiivesiop proviiasiioedctiiesrmpmethdds Aor pradecigetberiens; | c
Cen.t er pOI nt of a*}hgg lJn?po?rca‘sl f’ofr ﬁﬁlg%lcarcp 5 I‘%H%tl‘&?{%%gl%)tlgﬂ b}F tq?m ﬂ% d@g 'T]Jﬁ)t he

design is scale sed on Sl ze onsi era Ion O
SCE. I n scal i ngphrikend ayng pulp)ihle SEE z &he redthadef thp ingérition is neelywndesizeingnt s

of a popul ationygf n{uﬂgéc\éf Q%t%n@lﬁtrécﬂﬁﬁédseqsﬁﬁ %a?ﬁnﬁﬂ%réa@@ﬂuﬁh@lﬁal may
be used. For exanple, l1sts pupi| size data based on thirteen

i ndi vi dual s bet \Ré’éﬁlllggllﬂttfoqﬁécof}@aﬂ@‘é?“gﬁ@e 25 WO
2007/ 134024Pgy/ US2007/ 068432 4 Table | Lum nance Level

In one embodiment, the invention provides a method for designing a contact
lens, comprising, consisting essentially of, and consisting of the steps of: a.)
providing an optical design; and b.) scaling the optical design based on pupil size
and SCE.
25
In the first step of the invention, a multifocal optical design is provided. The
design may be any desired multifocal design, but preferably the design contains at
least two, radially symmetric zones: a first zone that is a central zone and a second
zone that is an annular zone that surrounds the central zone. Preferably, the central
30 zong is a distance viston zone, mcaning a zone that provides the power required to

substantially correct the lens wearer’s distance vision acuity to the degree desired.



(ed/nm2) 1 Individual (mm Extrapolation for | Individual (run) Range
(13 individuals, 35-42 years old) (m) Best Fit, Al Data (ram 0.31
7.4 7.37.4-4.95.815.85.95.8-4.14.83.1

WO 2007/134024 PCT/US2007/068432

The annular zone preferably is a ncar vision zone, meaning a zone that provides the
power required to substantially correct the lens wearer’s near vision acuity to the
5 degree desired. Alternatively, the near vision zone may be biased up to about 0.5

diopters to provide intermediate vision correction.

More preferably, the design includes a second annular zone that provides
distancc vision correction, Any number of additional zones may be included in the
10 design, which zones may provide one or more of distance or near vision correction
or intermediate power, meaning corrective power between that of the near and
distance power. For illustrative purposes, a multifocal design 10 is depicted in
Figure 1. The design is composed of a central distance vision zone 15, a first
annular zone of near vision power 16 and a second annular zone of distance vision
15 power. The radii of the central zone (“r1”), the first annular zone (“r;”), and the
second annular zone (“ry”) is 1, 2, and 4 mm, respectively, measured from point A,

the geometric center point of the lens surface.

In the method of the invention, the design is scaled based on pupil size and a
20 consideration of the SCE. In scaling based on pupil size, either pupil size
measurements of a population of individuals or a pupil size of one individual may be
used. For example, Table 1 lists pupil size data based on thirteen individuals

between 35 to 42 years of age.

25

30



2.7 4.16 10 4.0 4 4.0-2.5 3.51 31 3.4 3.3 3.4-2.4 2.98
2.8-2.2 2.51 311 2.24
WO 2007/134024 PCT/US2007/068432
4
Table 1
Luminance Level 1 Individual Extrapolation for Range (I3 Best Fit, All
(cd/m?) (mm) 1 Individual | individuals, 35-42 |  Data (mm)
{mm) years old) (mm)
0.31 7.4 7.3 7.4-49 58
1 58 5.9 5.8-4.1 4.8
3.1 4.8 4.9 4.8-2.7 4.16
10 4.0 4 4.0-25 351
3l 3.4 3.3 34-2.4 2.98
100 2.8 2.7 2.8-2.2 2.51
311 224 2.143
1000 1.84 1.80
The data may be used to calculate a best fit using the following equation:
5 v =4,8997 "1 @

wherein x is the luminance level in candela per millimeter; and
y is the pupil diameter in millimeters. The results of such calculation are listed in

the “Best Fit, All Data” column of Tabie 1.

10 Alternatively, the following power law fit equation may be used for
calculating based on pupil size data of an individual;

y=5.9297x"1% (1)

wherein x is the luminance level in candela per millimeter; and
15y is the pupil diameter in millimeters. The resuits of such calculation are listed in

the “Extrapolation for 1 Individual” column of Table 1.

As an example, the three zone, multifocal design of Figure 1 is scaled based
on an individual’s pupil size. Table 2 below lists typical light levels measured in a

20 variety of lighting environments.




2.143 1000 1.84 1.80 The data may be used to calculate a
best fit using the follow ng equation: 5y = 4.8997x' (I) wherein x is
the lum nance level in candela per millineter; and y is the pupi
diameter in mllimeters. The results of such calculation are |isted
in the "Best Fit, Al Data" colum of Table I. 10Alternatively, the
foll ow ng power law fit equation may be used for cal cul ati ng based on
pupi|l size data of an individual: y 5.9297x-0.1692(11) wherein x is

the lum nance level in candela per mllinmeter; and 15 y is the pupi
di aneter in WORPYAEErs. The results of such cal cul at PeHUAM8E#33t ed
in the "Extrapolation for 1 Individual" colum of Table 1. As

an exanple, the three zone, nmultifocal design of Figure 1 is scaled
based on an individual's pupil size. Table 2 below |lists typical
light |evels nmeasured in a 20 variety of ;lighting environnents. WO
2007/ 134024PCT/ US2007/ 068432 5 Table 2

Table 2
Luminance (cd/m”)
Bright sun 3,000 - 6,000
Hazy day 1,500 - 3,000
Cloudy bright 600 - 1,500
. Cloudy dull 120 - 600
Very dull 60— 120
Sunset 0.06-6
Full moon 0.0006 — 0.006
Starlight 0.000006 - 0.06006
Operating theater 300 - 600
Shop windows 0—-300
Drawing office 18-30
Office 12-18
Living rooms 3-12
Corridors 3-6
Good street light 1.2
Poor street light 0.06
5 Based on the data in Table 2, a representative luminance level for outdoor,

daytime viewing of far objects is about 1000 cd/m?, for viewing near and

intermediate objects indoors is about 15 cd/m?, and for viewing far objects outdoors

in the evening is about 0.30 cd/m®. When the data in Table 3 is extrapolated

according to Equation 11, the pupil size diameter of the individual is 2.0 mm at 1000
10 cd/m?, 4.0 mm at 10 cd/m%, and 7.2 mm at 0.30 cd/m?.

The forcgoing extrapolation is used to scale the design of Figure 1. The
resultant scaled design 20 is shown in Figure 2 with the radius of the central zone

(“r4™), the first annular zone (“rs”), and the second annular zone (“rs™") being 1, 2,



Lum nance (cd/nR2) Bright sun 3,000 - 6,000 Hazy day 1, 500- 3,000

Cl oudy bright 600- 1,500 d oudy dull 120 - 600 Very dull 6 - 120
Sunset 0.06 - 6 Full rmoon 0.0006 - 0.006 Starlight 0.000006 - 0.00006
Qperating theater 300 - 600 Shop wi ndows 0 - 300 Drawi ng office

WO 2007/134024 PCT/US2007/068432

and 3.65 mm, respectively. Thus, the outer diameter of central distance vision zone

25 is 2 mm, the inner diameter and outer diameter of annular near vision zone 26 is
5 2 mm and 4 mm, respectively, and the inner and outer diameters of outer distance

vision zone 27 is 4 mm and 7.3 mm, respectively, The ratio of the areas of the

central, near and outer distance vision zone is 1:3.0:8.96.

In the method of the invention, the SCE is used to scale the design. Due to

10 the SCE, the efficiency of the conversion of light into a visual photo-potential
decreasces away from the center of the pupil, or the point of peak cfficicney. This

drop off of efficiency may be represented by a parabolic function given by the

Equation:

I5

Logv = —pxl +2pxxm -+ lOg?me —'axmu :
(1IT)

20 wherein # is the efficiency of visualization of effectiveness;
x is the distance of any point on the pupil from the point of peak cfficiency; and

(2 is a constant that is about 0.05 in healthy subjects.

Equation TTT is useful for determining the decrease in efficiency up to

25  pupillary diameters of 6mm. Beyond 6 mm, a Gaussian fit is used.

To determine the effective pupillary diameter that corrects for the SCE,

Equation 11l is rewritten as:

30



18 - 30 Ofice 12 - 18 Living roons 3 - 12 Corridors 3 - 6 Good
street light 1.2 Poor street light 0.06 5Based on the data in Table
2, a representative |lum nance | evel for outdoor, daytine view ng of
far objects is about 1000 cd/nR, for view ng near and internediate
obj ects indoors is about 15 cd/nR2, and for viewi ng far objects
outdoors in the evening is about 0.30 cd/nR2. Wen the data in Table 3
is extrapol ated according to Equation |1, the pupil size dianmeter of
the individual is 2 0 nmat 1000 10 cd/n2, 4.0 mmat 10 cd/nR2, and
7.2 nm at 0. 3@ 2BUN#P2* The foregoi ng extrapol ation is HSEEHGISER) e
the design of Figure 1. The resultant scaled design 20 is shown in
Figure 2 with the radius of the central zone ("r4"), the first
annul ar zone ("r5"), and the second annular zone ("r5") being 1, 2,
6 and 3.65 mm respectively. Thus, the outer diameter of central

di stance vision zone 25 is 2 mm the inner dianeter and outer

di aneter of annular near vision zone 26 is 5 2 nmand 4 nm
respectively, and the inner and outer dianmeters of outer distance
vision zone 27 is 4 mmand 7.3 nm gqaﬁaﬁvagly. The ratio of the
areas of the central, near and outer di stance vision zone is
1:3.0:8.96. In the nmethod of the invention, the SCE is gsgd to scale

the design. Due L. @ asy, and xmy as0.

Equation IV is then integrated to obtain the area under the curve to the
pupillary edge, as for example x = 3 for a 6 mm pupil, and equated to a rectangle of

the same arca. For a measured papillary radius of X, the cffective radius is:

10
1 L 1 L
effective_radius = 3 z?- T -erf {(ln(Z) +In(5))? - pl-xu}
(In(2) +In(5))* - p*
(V)
15
Effective pupillary diameters computed for certain representative measured
values of pupillary diameters are listed on Table 3 below.
Table 3
Actual Pupil Diameter {mm) Effective Pupil Diameter (mm)
20 1.93
4.0 3.46
6.0 4.44
g0 4.94
20

Tablc 3 shows that, for large pupil sizes, the effective pupil size is smaller than the

actual pupil size.



10 the SCE, the efficiency of the conversion of light into a visual
phot o- potenti al decreases away fromthe center of the pupil, or the
poi nt of peak efficiency. This drop off of efficiency may be
represented by a parabolic function given by the Equation: 15 Log??
=- px- +2pxxmax+ | ogpa-. 20wherein q is the efficiency of
visualization of effectiveness; x is the distance of any point on the
pupil fromthe point of peak efficiency; and p is a constant that is

about 0.05 in healthy subjects. Equation Il is useful for
det er mi ni ng WREMgaEPEase in efficiency up to 25 pupi | PEFS2H74te2er s
of 6mm Beyond 6 mm a Gaussian fit is used. To determ ne the

effective pupillary dianeter that corrects for the SCE, Equation 111
is rewitten as: WD 2007/ 134024PCT/ 13S2007/ 068432 7 =i

vn- 0. 05, 2- Fiog(nna) 5putting g as y, and,sr., as O. Equation IV
is then integrated to obtain the area unéer the curve to the
pupillary edge, as for exanple x 3 for a 6 nmpupil, and equated to

a rectangl e of the shutke dspigmshowo in Bigwseh St rq@aéquﬂgaw ip HAPEHOofith X0,

JI[ he5ef fzeCt ! \2/e r %qunpl?dﬁ 861, 2, n®4. gﬁ?ﬂn‘ ‘C%nsnfcﬁﬁié st pipikarch! Whictedob b eL @ikt
n -X O n
(5)) P how (muc}g llfght energ(y is ocusgd onto the retina from each zone, it can be
5 concluded that the outer zone is too large and will negatively bias performance of

the design.

In more detail, the area of the center ring is pi*r;®, the area of the first
annular ring is pi*(r,> - ri%), and that of the outer ring is pi*(r;* —r,?). The ratio of

10 the areas of the central to the near to the outer zone may be calculated as follows:
1: pi*(r, — %)/ pi*r)? : pi¥(ra — i) pitr)?

This may be simplified to:
15
1: (1'22 - 1‘12)/1'12 : (1'32 - t'f)/rl2
wherein each of 1y, 13 3pq I are the effective radii calculated using Equation V.

Calculating an cffcctive pupil diameter using Equation V and then comparing the
arcas of cach ring gives a ratio of 1:2.23:2.94 dcmonstrating that there is a

20 significant decrease in the effectiveness of the outer distance vision zone.

Further, taking into account studics indicating that there is littfc loss of visual
acuity as the level of luminance falls from 75 cd/m” to 7.5 cd/m?, but that there is a
pronounced loss of acuity as the luminance decreases from 7.5 cd/m” to 0.75 cd/m®
25 to 0.075 cd/m’, the impact of defocus induced image blur is more deleterious to
visual acuity in low luminance conditions. Therefore, once the individual’s near
vision acuity needs are met, there is a need to provide as large an area of distance
vision correcting optic as the individual’s pupil will allow. Thus, a better
distribution for this design will be obtained by decreasing the outer diameter of the

30



(v) Ef fective pupillary dianmeters conputed for certain
representative neasured val ues of pupillary dianmeters are listed on
Table 3 below. Table 3 Actual Pupil D anmeter (nm Effective Pupi
Diameter (mm 2.0 1.93 4.0 3.46 6.0 4.44 8.0 4.94 In the
design shown in Figure I, the area ratio for Figure 1 is 1:3.0:8.96
with pupil radii of 1, 2, and 3.65 nm Considering just pupil arca,
whi ch correlates with how much light energy is focused onto the
retina fromeach zone, it can be 5 concluded that the outer zone is
too | arge an¥OVf3HRdgatively bias perfornmance of thePeSieo68432

In nore detail, the area of the center ring is pi*rl2, the area of
the first annular ring is pi*(r22 - rl12), and that of the outer ring
isip s(r32 _ ) The ratio of 10 the areas of the central to the near
to the outer zone may be calculated as fgllows: 1: pi*(r22 - ri2)/
pi *pi *0.32 _ r22y pisri2 This may be sinplified to: 15 1: 0.22 _
n2yn2 (r32 _ r22)/n2

near vision zonc from 4 mm to 3.6 mm and increasing the outer diameter of the zong

to 8.0 mm providing a distribution of area ratio that is 1:1.76:3.8

The foregoing illustrates scaling the design based on the pupil size of an
individual. As an alternative, the design may be scaled based on the averages of
pupil size information for a population of individuals as, for example, the full group
represented by the data shown in the last two columns of Table 1. As yet another

10 alternative, subgroups of a population may be defined, cach of which subgroups

contains individuals with similar pupil diamecters as a function of luminance level.

[n the designs of the invention, the best results will be obtained in cases in

which the pupil size of the lens wearer dilates to a size that can use most or all of the

15  multifocal zone. In the three-zone design, as the contribution of the outer distance
vision zone diminishes due te insufficient pupil dilation, the amount of light entering
the pupil decreases and there will be a drop in visual acuity. Thus, the three zone
design may not be the optimal for individuals whose pupil does not dilate to 6.0 mm.
In those cases, a two zone bifocal design, with a central near vision zone and an

20 annular distance vision zone may be preferable. In this two zone design, if the
central one diameter is 2.0 mm, a satisfactory image intensity for near objects will
be obtained and the outer distance zone will provide satisfactory correction for those

instances in which the pupil dilates in low luminance environments.

25 In the lenses of the invention, the central zone and additional zones may be
on the front surface, or object side surface, the back surface, or cye side surface of
the lens, or split between the front and back surfaces. Cylinder power may be
provided on the back, or concave surface of the lens in order to correct the wearer’s
astigmatism. Alternatively, the cylinder power may be combined with either or both

30 ofthe distance and near vision powers on the front surface or back surface. In all of



wherein each of rl r2 and r3 are the effective radii cal cul ated using
Equation V. Calculating an effective pupil dianmeter using Equation V
and then conparing the areas of each ring gives a ratio of
1:2.23:2.94 denonstrating that there is a 20 significant decrease in
the effectiveness of the outer distance vision zone. Furt her,
taking into account studies indicating that there is little | oss of
visual acuity as the level of lumnance falls from75 cd/n2 to 7.5
cd/n2, but that there is a pronounced | oss of acuity as the | um nance
decreases fr¥M*¥ 783/ n2 to 0.75 cd/n2 25 to 0.075 cdPAPUSANBS#Hpact
of defocus induced image blur is nore deleterious to visual acuity in
| ow | um nance conditions. Therefore, once the individual's near
vision acuity needs are net, there is a need to provide as |arge an
area of distance vision correctlng optic,as the individual's pupi

will allow Thus, a better distribution #or this design wll be
obt ai ned by decreasing the outer dianmeter of the 9 near vision zone
from4 mMmto 3 6 nmand increasing the outer dianeter of the zone to
8.0 mm provi di HGheacrﬁésSif EHeibhtRA, 1R diddned ift@nt@att RRtncdrSptlvalpodlrisha® S
The foregoing il]lust es scal ing the de5|gn based on the pupil size
of an individual®®$ “ﬁ'mﬁF Yt TVe, the design may be scal ed based
on the averaggs of pupil S|ze |nfornation for a popul ation of

i ndi viduals as, for e esen by, t he data
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I n those cases, limithtin, potyaendoiyi 9badned1aamgers, mwitHabry @xypeopyt @lyalkelar vi si on
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this two zone desi gn, e cent one

satisfactory inage intensity for near objects will be obtained and
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astigmati sm AI§ E cylind g, nbi ned with
o Lher or bot h SBeBeu e doak e el AP TR B e PRI e ¢ ot
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polymethyl methacrylate, hydroxyethyl methacrylate, inert clear plastics, silicone-

25 Dased polymers, and the like and combinations thereof.

Curing of the lens forming material may be carried out by any means known
including, without limitation, thermal, irradiation, chemical, electromagnetic
radiation curing and the like and combinations thercof. Preferably, the lens is

30 molded which is carried out using ultraviolet light or using the full spectrum of



the I enses of the invention, the distance, internedi ate and near
optical powers may be spherical or aspheric powers. 5 Cont act

| enses useful in the invention preferably are soft contact |enses.
Soft contact |enses, made of any material suitable for producing such
| enses, preferably are used. Illustrative materials for formation of
soft contact |enses include, without Iimtation silicone el astoners,
silicone-containing nmacroners including, without 10 imtation, those
disclosed in United States Patent Nos. 5,371,147, 5,314,960, and
5,057,578 i n®&PBIE¥d in their entireties herein by PeVeR¥FeEi3z

hydr ogel s, silicone-containing hydrogels, and the |Iike and

conbi nations thereof. Mdre preferably, the surface is a sil oxane, or
contains a siloxane functionality, including, without limtation,

pol ydi met hyl sil oxane macroners, nethacryl oxypropyl polyalkyl 15

si | oxanes, and m xtures thereof, silicone hydrogcl or a hydrogcl,

such as etafilcon A A preferred lens-formng material is a
poly 2-hydroxyethyl nethacrylate polynmers, meaning, having a peak
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for formng int rSaﬁéQ,dll(ancmm%nemom mdmlrewwn&mndel m tatl on,

pol ynmet hyl net hacryl at e, hydroxyethyl nmet hacryl ate, inert clear

"plastics, silicone- 25 based polyners, and the |ike and conbi nations
t her eof Cur i ngTI@fcollfFFélcp@hgfythQirlYﬁﬂﬂ@ maytbefrakd bpapy benveriordled out

by any neans |knoyhol NEdreinh, bl Qe Hliyrpe bRk @B by SRS ming or
irradiation, chemcal, electromagnetic radiation curing d the like

and conbi nat i ondiaMead-wErd ing s wp b@?a“ﬂﬁ%“P@ﬁ@¢W§“§@fWEW&%GOMhlch i's
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visible light. Mre sgeC|f|caI eC|ﬁe co qﬁtlons suitable for

r
curing the | ens “RRRTEFPARY Guyipe (Bcglﬁé?ﬂf tBEOWIHlée f’ﬁi?g F5VEYI%Bct ed and t he
| ens to be for mdermbtiveyl yieeont may badianumocessidsto feag bupl hal m ¢ | enses
including, wifhout limtation, contact |enses are well known.

Sui tabl e processes are disclosed in U S. Patent No. 5,540,410
incorporated herein inits entirety by reference. The contact | enses
of the invention may be forned by any conventional 10 nethod. For
exanple, the optic zone may be produced by di anond-turning or

di anond-turned into the nolds that are used to formthe |l ens of the

i nvention. Subsequently, a suitable liquid resin is placed between
the nolds followed by conpression and curing of the resin to formthe
| enses of the invention. Alternatively, the zone may be

di anond-turned into I ens buttons. 15 12 Wat is clained is:



1. A nethod for designing a contact |ens, conprising the steps of:
a.) providing an optical design with a plurality of optical zones;
and b.) scaling the optical design by determning the effective
pupillary diameter and adjusting the radii of each optical zone
consistent with the Stiles Crawford Ef4ect and near distance needs
and prOV|d|ng as large an area of distance vision correcting optic as
t he effeq&h pupl dIary dianeter will allow consistent with neeting

r

sai d nea |s§ance needs 2. The nethod of claim1l, mhereln the
opti cal deS| dfgglﬁlgg g(é %Imlct nfeco g}gﬁ The ?npgtog ﬁ{nﬁ a0 t’1ca1
wherein t éﬂ%ﬁ
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The net hotithothe Stiles farpwvioghBiedt an lﬁf:WlPe wgedeandprpyiding ag {agge an area of
measur enshstancevisiom aometting quoip a$ dle| ctofe pupdliai dametst will Aloporonsigantof

t he populveth mestingGaid Hear digaivedeeads. cl ai m 2, wherein the pupil size is
of one individual. 7. The nethod of clain12, wherein the nultifocal
desi gn confht grthod of tlakh 1 7@heeihhipd optisalalesign is amulzifial desibna second
zone that is an annul ar zone that surrounds the central zone. 8. The
met hod 0f3 Théhitthéd oWBIRITR | Nwhdiein @R ipdllsiz2 @NSupilSsiR idashafests v &l ifire

zone, mﬁﬁ'l%u@r[‘&t{hﬁhd%%%rh §oﬁ10ﬁ'%ﬁﬁle\ﬁb I&przone. 9. The nethod of
cIa|n18 erein the nultifocal design further conprises a second

annul ar i 10. A lens
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6. The method of claim 2, wherein the pupil size is of one individual.
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7. The method of claim 2, wherein the multifocal design comprises a first zone that is a
central zone and a second zone that is an annular zone that surrounds the central zone.

8. The method of claim 7, wherein the central zone is a distance vision zone, and the
annular zone is a near vision zone.

9. The method of claim 8, wherein the multifocal design further comprises a second
annular zone that provides distance vision correction.

10. A lens designed according to the method of claim 1.
11. A lens designed according to the method of claim 2.
12. A lens designed according to the method of claim 7.
13. A lens designed according to the method of claim 8.

14. A lens designed according to the method of claim 9.



