WO 02/ 32297 PCT/ US01/ 29540 OPHTHALM C LENSES FOR HI GH ORDER ABERRATI ON
CORRECTI ON AND PROCESSES FOR PRODUCTI ON OF THE LENSES 5 Field of the

| nvent i ow@h®3i2evention relates to nultifocal ophthal mc peness/29540
particular, the invention provides |enses that have zones of nore than one
optical power, or focal I|ength. The |lenses correct for high order optical
aberrations in nore than one field 10 of gaze. Background of the Invention
As an individual ages, the eye is less able to accommobdate, or bend the
natural lens, to focus on objects that are relatively near to the observer.
This 15 condition is known as presbyopia. Simlarly, for persons who have
had their natural |ens renoved and an intraocular lens inserted as a
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i nvention,, chf%gié? 2is atop plan view of an enbodi rent of the lens of the
invention. 30 Figure 3ais a top plan view of the convex surface of an

enbodi nent of the
Background of the Invention
As an individual ages, the eye is less able to accommodate, or bend the
natural lens, to focus on objects that are relatively near to the observer. This
15 condition is known as presbyopia. Similarly, for persons who have had their natural
lens removed and an intraocular lens inserted as a replacement, the ability to

accommodate is absent.

Among the methods used to correct for the eye’s failure to accommodate are
20 lenses that have more than one optical power. In particular, spectacle, contact and
intraocular lenses have been developed in which zones of distance, near, and
intermediate power are provided. These lenses are disadvantageous because they
only provide correction for low order optical aberrations, such as defocus and
astigmatism, leaving higher order aberrations uncorrected. Thus, a need exists for a

25 multifocal lens capable of correcting higher order optical aberrations.

Brief Description of the Drawings
Figure 1 is a top plan view of an embodiment of the lens of the invention.
Figure 2 is a top plan view of an embodiment of the lens of the invention.
30 Figure 3a is a top plan view of the convex surface of an embodiment of the
lens of the invention.
Figure 3b is a top plan view of the concave surface of an embodiment of the

lens of the invention.



|l ens of the invention. Figure 3b is a top plan view of the concave surface
of an enbodi nent of the |ens of the invention. WO 02/32297 PCT/ US01/ 29540
2 5 Detaiwed2Bestription of the Invention and Preferred ErGDUSME2954® The
invention provides a multifocal |ens, and nethods for producing the |ens,
which I ens corrects optical aberrations of the lens wearer's eye. These
aberrations, generally, are any departure froma spherical wavefront at any
position 10 on the wavefront. The classic description of these aberrations
are spherical aberration, astigmatism coma, and distortion.
Alternatively, the aberrations may be nmathematically described, for
exanpl e using Zerni ke polynom als. The |l enses of the invention correct

t hese aberrations in nore than one direction of gaze. 15 In one enbodi nent,
the invention provides a method for producing a lens for a |lens wearer

conpri sing consi stpagi@ssenrtipabl ¥f 0t Inandos ansPstdig Mhbddiaesteps of :  a.)
nmeasuring the basic refractive prescription of the |lens wearer; b.)

nmeasuring the wavefront aberrations of the | ens wearer by providing visual
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| ens, an intraocular |ens, a corneal .inopl | eps, .an onlay lens, and the
like, or!torithat@ §“?h£?%ﬁ?$“¢%@@@ﬁgﬁﬁ§?ﬁﬁﬁQQWBHQB§m@ﬁp§ﬁ§m'nyention are
spectacl e or ;e AChstloRNBESR; Ry, lafd HI¥Gfibi. SA1tShRy ey, thdsbeMER h@fbe t he
basic refractive prescription of the lens wearer is neasured by any
convent i onal mah¢oaticey déscaberhforvaxamplayusorafemikggebhpomls. The lenses of

the invention correct these aberrations in more than one direction of gaze.

15 In one embodiment, the invention provides a method for producing a lens for
a lens wearer comprising, consisting essentially of, and consisting of the steps of:
a.) measuring the basic refractive prescription of the lens wearer; b.) measuring the
wavefront aberrations of the lens wearer by providing visual targets at at least a first
and a second distance; ¢.) converting the aberration measurements to a height

20 difference; and d.) using the basic refractive prescription and converted difference to
provide an ophthalmic lens for the lens wearer. By “lens” is meant a spectacle lens,
a contact lens, an intraocular lens, a corneal implant lens, an onlay lens, and the like,
or combinations thereof. Preferably, the lenses of the invention are spectacle or

contact lenses.

In the first step of the invention, the basic refractive prescription of the lens
wearer is measured by any conventional method or alternatively by ocular wavefront
analysis. By “basic refractive prescription” is meant one or more of the distance
vision, near vision, intermediate vision, cylinder power and prismatic power

30 necessary to correct the lens wearer’s vision.



anal ysis. By "basic refractive prescription” is neant one or nore of the
di stance vision, near vision, internediate vision, cylinder power and
prismati oV@Oue29B0 necessary to correct the | ens wearer' sPETAS@RISANO

02/ 32297 PCT/ USO01/ 29540 3 The wavefront aberrations of the |ens wearer's
eye are then neasured. By "wavefront aberrations” is neant the difference
bet ween the wavefront energing 5 fromthe eye conpared to the wave front
converging on the retina. In the method of the invention, the wavefront
measurenent is carried out by providing the | ens wearer visual targets at
at least two different distances, a first and a second distance. For
exanpl e, one target may be provided in the I ens wearer's distance vision
zone, in which zone objects being vi ewed are about 15 feet or nore from

the eye. A second. 10 target V|ded in the n i
whi ch” zone an obj F“ﬁ@?ﬁ@“gga%ﬁéﬂsggﬁ A R R 4 (Q{B%B%%ﬁg?%ggfthe eye.

Preferably, aywhadask aBddRions Bhhdaddiffefericb®elvers tiveriwifrost ¢mégingedi at e
vi sion zone, in which zone an object being viewed is about 50 to about 80
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such an aberroscope as ot evi ces avail for aberration
measur enent , tirget nmalsmpxevtdad greths nadr wmm zcam-dm whieh mmh at @)Jcht stimgces. Once
obt ai ned, the aberration neasurgnent

converted to ViEWFEiigAROHPP R ARHE 8V £ §”$F 5@1%6333 P%Vﬁ?%é%oﬁﬁémﬁggge and

bel ow a in the lens wearer’s intermediate vision zone, in which zone an object being viewed

is about 50 to about 80 cm from the wearer’s eye.

15 Apparatuses for performing the aberration measurements include, without
limitation, aberroscopes, devices that measure ocular Modulation Transfer Function
by point spread or line spread, or any similar devices that measure, estimate,
interpolate, or calculate the ocular optical wavefront. An aberroscope capable of
measuring the distance vision target is available from Wavefront Sciences, Inc,

20 Albuquerque, New Mexico. It is well known in the art how to utilize such an
aberroscope, as well as other devices available for aberration measurement, to

measure targets at near and intermediate distances.

Once obtained, the aberration measurements then may be mathematically
25  converled to a height difference thus providing an elevation map above and below a
designated mean sphere value, known as the optical path difference. Correction for
the aberrations will be provided by introduction of an optical path difference, or

aberration inverse filter, that offsets the distortions due to the ocular aberrations.

30



desi gnat ed nean sphere val ue, known as the optical path difference.
Correction for the aberrations will be provided by introduction of an
optical pe®h2sh2pference, or aberration inverse filter, thaT/USIT29840s t he

di stortions due to the ocul ar aberrations. 30 WD 02/32297 PCT/US01/ 29540 4
The converted differences, along with the basic refractive prescription,
and optionally corneal topographic data, are then used to provide a |lens
for the wearer. The data may be transforned onto a grid pattern of a
rectilinear, polar concentric, or 5 spiral format to correspond to the
mechani sm by which the surface of a lens or lens nold may be tool ed using
a conputer nuneric controlled ("CNC') |l athe, direct machining of a polyner
button, milling, [TaseonabkadtifGmendenjatmigivoth olbdsd rdfrastive pisscrifion, ddke or a
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sl ope to achif8y ncor porated onto the

lens’ 10 fronteYuhidGee tbaskrHed bake orf patefOd rRatlhRar, it edficehticpbe
enbodi ment, the lens’is a spectacle |lens with one surface on which there

is a d|stdhc@pmﬁdbm@ﬁﬂ)vn@mp%gi@dh@@WdFW§HHV%WBH@éh%%ﬁgwEPéaG@é@rFﬁsprOV|de
\Slme{/\,ieﬁzgl g_)g ré‘&ﬁ %ﬁ%‘y%gé?oér a]fﬁ%q dg %I%Bﬁm[ r?ll;nllé} c%gfr f&d “%C’f)%thé &g stance

err tion’correction is

| ocat ed at ”ﬁ@aoﬁﬂfirtgmpbflymémudhﬁmahﬁg 1as|eew :litgmzﬁmﬁ:tuimsho [dahimeat yr thsed by
the wearer's eye for distance viewing. Simlarly, the ne%r V|emnn zone
may provi de ¢&EPEeEPBRAINAERN thigeof.ehle rewwdecfhagg%aﬂwlﬁgﬁ SHIAFFIIEHRA OF he
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di stance, inte fedi a near Vi ew ng zones and 13, 20
respectivaiyikﬂnmﬁﬁbaﬁmaksménemhadumMnanmtdﬁpﬁtted in Fig. 2. Lens 20 of
Fig. 2is a single vision lens with central, top and bottom zones 21, 22,
and 23, respectively, which zones correspond to the wearer's various

directions of gazg, ,Addhtd B8RRI, Yhe 18ns is a spectacle lens with one surface on which

there is a distance and near viewing zones, the distance zone produced to provide
correction, including high order aberration correction, for the distance viewing

15 region. Preferably, the high order aberration correction is located at the portion of
the distance viewing zone most commonly used by the wearer’s eye for distance
viewing. Similarly, the near viewing zone may provide correction for the lens
wearer’s near vision including the aberrations. In Fig. 1 is shown spectacle lens 10
in which there are distance, intermediate, and near viewing zones 11, 12, and 13,

20 respectively. An alternative embodiment is depicted in Fig. 2. Lens 20 of Fig. 2 is a
single vision lens with central, top and bottom zones 21, 22, and 23, respectively,
which zones correspond to the wearer’s various directions of gaze. Additionally, a
plurality of zones 24 are provided in the lens periphery, which zones control

aberrations in the wearer’s peripheral vision.

In any of the spectacle lens embodiments, aberration correction may be
applied to one or both surfaces of the lens. The spectacle lenses may be formed by
any known method including, without limitation, grinding of a lens blank, casting,
molding, or combinations thereof. In a preferred embodiment, an optical preform

30 having some or all of the basic refractive prescription is used and one or more



plurality of zones 24 are provided in the |ens periphery, which zones
control aberrations in the wearer's peripheral vision. 25 In any of the
spect acl avo en322enbodi ments, aberration correction may be PEPPRIE9S400 one or
both surfaces of the | ens. The spectacle | enses may be forned by any known
met hod including, wthout Iimtation, grinding of a | ens blank, casting,
nmol di ng, or conbinations thereof In a preferred enbodi nent, an opti cal
preform 30 having sone or all of the basic refractive prescription is used
and one or nore WO 02/ 32297 PCT/ US01/ 29540 5 surfaces are cast onto the
optical preformto provide aberration correction and, optionally,

addi tional basic refractive prescription power. 5 In another enbodi nent,
the lens may be a contact |ens. Preferably, the back, or concave, surface

of the lens is a nmultifoc sur or orat n e basi refractive
prescription SB‘ffa 44%Ha8"q %’ﬁ%oﬁ%gﬁﬁé’ﬁ’ logllﬁ)ée rté)prog}’ ag%”%mn Csoﬂlre? tét(f:neano the |ens
contai ns an Qptibgal BRI Gda b%%fe%&t&éﬂ?@seh@ﬂ&n peaérer ' s hi gh order
aberrations. U|tabfe 10 multifocal surfaces are disclosed in U S Patent

Nos. 5,929 969, 5,835,192, 5,682,223, 5,485,228, and 5, 448, 312
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! . n 8PO t%nboldn?%n htEE ?én@ rrtP be C{Q%Ea%pﬁ%ﬁs ﬂ’lréfeel"ﬂ{l?,o tﬁ‘égﬁﬂ({,
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In preferred enbodi ments, the back surface is matched to the wearer's
cor neal topog?%%ﬁyepﬁﬁﬁﬂﬂéﬁééémiWE%WE%F%fImb&%H WﬁW@Y@%Sﬁ%%ﬁgﬁg iniegs

el evation m%oﬂﬂcau{s"é% Sph G03one %r o%h%ct lgf?@we&rges Hgfl e aE&Pﬂ%&@WtaHﬁy be
determ ned by any fieth |nc w thout I'itmtation, by use of a
cor neal tupogﬁﬂphﬁalafbnmsméﬂmd@mﬁanﬂJSéMEanoS55U9969 5835192

5,682,223, 5,485,228, and 5,448,312 incorporated in their entireties herein by

reference. In an alternative embodiment, either or both of the basic refractive

prescription and aberration correction may be divided between the front and back

surfaces. In preferred embodiments, the back surface is matched to the wearer’s

15  corneal topography.

For lenses incorporating an inverse topographic elevation map of the lens
wearers’ cornea, the corneal topography may be determined by any known method
including, without limitation, by use of a corneal topographer. For soft contact lens

20 manufacture, the elevational data initially is applied to a lens model in the unflexed
state. Next, the data is transformed by taking into account the soft lens flexure, or
wrap, when the lens placed on the eye. Thus, the effects of both elevation of the
cornea and wrap are accounted for when using the corneal topographic data. The
flexure transformed data then may be mapped onto a CNC grid pattern and used to

25  make the lenses or mold tool surface.

Figs. 3a and 3b depicts a contact lens 30 of the invention. The lens has a
convex surface 31 with a central optic zone 32 with the desired distance optical
power. By “distance optical power™ is meant the amount of refractive power

30 required to correct the wearer’s distance vision acuity to the desired degree. The

concave surface 38 has five concentric annular rings 33, 34, 35, 36 and 37



20 manufacture, the elevational data initially is applied to a | ens nodel
in the unflexed state. Next, the data is transfornmed by taking into
account tWeozaf2p7 | ens flexure, or wap, when the | ens plBCBRUSARISIEe eye.
Thus, the effects of both elevation of the cornea and wap are accounted
for when using the corneal topographic data. The flexure transforned data
then may be mapped onto a CNC grid pattern and used to 25 nake the | enses
or nold tool surface. Figs. 3a and 3b depicts a contact |ens 30 of the
invention. The lens has a convex surfacg 3 1 with a central optic zone 32
with the desired distance optical power. By "distance optical power"” is
meant the amount of refractive power 30 required to correct the wearer's
di st ance vi si@pedoaiy n the ophezaesilteodlinegeas eptiTH@owebrshdistarigrapdied 38 has
five concentric annular rin 33,..34, 3 36_an 7 .02 :
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power and di §430¢nOREAr6d neaP QWRIN- acBYty totBa el dzgtecpaWe hibertaione@ntset he
anount of refractive power required to correct the wearer's near vision

acuity to it hélidewny bd aplipdde thetfent disek.rastboBnsurizges @fdhslenp | Pag orgrepe
applied to the fron back, or b ~ e re

rings of intQPﬁﬁﬁﬁﬁ%%”%g?ﬁ%%ﬁO% %é@rﬁgg%gﬁggpggn%gthgg%én elggg??ation
inverse fil tiger mBY bb@iloadd 10raad speifantly apetidit oak by mappbdf teelvarousne or nore
of the various distance and near vision zones. 10 Any nunber of variations
of the | ens @fstamcgand BRAryHPBIS e possi bl e. The central optic zone nay
have either distance or near optical power therein and may be on the
concave or convex surface, but preferably is on the convex surface. The
nunber of i@nnul ar Ariyngsnter ef earalbys ¢ fthatenk efiEigst Jwandriibrae posstbée. abhey about 4

to about 7, and may be on the copvex or concave lens surface, but

preferably i el pﬁéo q_@qecrgmgqyg egﬁ?rfcg%%n'ce or near optical power thefers hncP may be
on the concave or convex surface, but preferably is on the convex surface. The
number of annular rings preferably is at least two, more preferably about 4 to about
7, and may be on the convex or concave lens surface, but preferably is on the

15 concave surface.

A pair of contact lenses may be provided, one lens to be worn in the
dominant eye and one to be worn in the non-dominant eye. By “dominant eye” is
meant the eye that predominates for distance vision. The lens worn by the dominant

20 eye has a convex surface with a central optic zone with the desired distance optical
power. The concave surface has at least two concentric annular zones in its optic
zone. The power of each of the at least two annular zones is substantially equal to
that of the distance optical power. Either or both the convex and concave surfaces

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

|9
n

or combinations thereof. In this embodiment, preferably, the convex surface has
only the central optical zone and no annular zones, the concave surface in this
embodiment having at least two annular zones of either or both distance and near
optical power. More preferably, the convex surface has only a central optical zone
having the distance optical power, the concave surface having at least two zones of

30 the distance optical power and one or more annular zones of near optical power.



A pair of contact |enses may be provided, one lens to be worn in the

dom nant eye and one to be worn in the non-dom nant eye. By "dom nant eye"
is meantwohm3rye t hat predom nates for distance vision. FaRUS&95400r n by

t he dom nant 20 eye has a convex surface with a central optic zone with the
desired distance optical power. The concave surface has at |east two
concentric annular zones in its optic zone. The power of each of the at

| east two annul ar zones is substantially equal to that of the distance
optical power. Either or both the convex;and concave surfaces my have
addi ti onal annul ar zones with distance optical power, near optical power,
25 or conbinations thereof. In this enbodi nent, preferably, the convex
surface has only the central optical zone and no annul ar zones, the
concave surface in,this ) annul S
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power, the concave surface having at |east two zones of 30 the distance
opti cal pdiercoagrtirrianolar pwce imitnoptir 2onendse peweiekcagpef (bakt lsavdvo Wo

02/ 32297 PCT/ USQ1/ 29540 7 .The n n a
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its optic zone. The power of each of the at |east twy apnul ar zones is
subst ant i al | YPEefl®PWep nedoptist! pomet.fe sPmBpRtiens thesne P reErahethoroysth  t he
convex and c r i stance
opti cal powe(rg[hq?lceg]ra§ ‘dﬁpqﬁgfen% ?C%PZ&Q%ngl ﬁgﬁl’:l 1%)1%2%%& hir%%%%‘?éggug?ggl y, the
convex surfa@énhaﬁb@hmymﬂhen@ﬁmkmwhwmpmnumfmzmmefaﬁwrnobdhmhﬁameaomes t he
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ei ther or bot'Raidirbicalmoares niylors,argfer E ?f\é}lra 28 op e 4| QP ‘C?

convex Surfa%@n@ﬂeﬁvlﬁ% n@ar(iﬁ;m;ﬁl ov@ptth@@dnca@sﬁ@fab@%ﬁﬂ% kiheadneas z&@s'o@al
power , t he concave s ace avi ng at” l east two zones o

the near optical power and one or more annular zones of distance optical power.

15 For the contact lenses of the invention, in those embodiments in which both
distance and near optical power annular zones are used, the distance annular zones
preferably alternate with the near annular zones. Additionally, cylinder power may
be combined with either or both of the distance and near optical powers. One or
more annular zones of intermediate power, or power between that of the near and

20  distance power, also may be provided on either lens of the lens pair of the invention.

In those case in which both near and distance power annular zones are used
in the contact lens for the dominant eye, the ratio of the lens’ optic zone area
devoted to the distance and near optical powers must be such that more area is

25 devoted to the distance power. For the lens of the non-dominant eye, more lens area
will be devoted to the near vision power. The preferred areas, on a percentage basis,
for both the dominant and non-dominant eye lenses are disclosed in U.S. Patent Nos.

5,835,192, 5,485,228, and 5,448,312,

30



t he near optical power and one or nore annul ar zones of distance optical
power. 15 For the contact |enses of the invention, in those enbodinents in
whi ch botwo oz2iszpance and near optical power annul ar zonesPar/@SuUs®40 t he

di stance annul ar zones preferably alternate with the near annul ar zones.
Addi tionally, cylinder power may be conbined with either or both of the

di stance and near optical powers. One or nore annul ar zones of

i nternedi ate power, or power between that of the near and 20 di stance
power, also maybe provided on either leng of the lens pair of the
invention. In those case in which both near and di stance power annul ar
zones are used in the contact lens for the dom nant eye, the ratio of the
| ens' optic zone area devoted to the distance and near optical powers nust
the non- dom nant _&y@ ehisTeSang BrBa Va1 e BB ena et Sron
power. The prefigsiledmeaR of @ity aRehraNMaBRFoPABUScing fdh 101ks) prdferalpm nant
and non-dom nant eye l'enses are disclosed in U S. Patent Nos. 5,835,192,

5, 485, 228,5 antk Bed43he kepses3d wonogrine 29 paF ruBo L 354D of esrelite OPisibes
useful in the, invention [ r gg§ﬁ

| enses, nade Bﬁagﬁvghﬁf%gﬁyrggﬁgtégﬁiagéﬁgﬂgzﬁggwht$ suc %Pgﬁgg%?ﬁggg?erably
5 are used. Thearkease@ se@foptikd pbwwe Nduchas, fayedupte, aglndid pawear i ety of
corrective optical characteristics incorporated onto the surfaces in
addition to aberration correction and distance and near optical powers,
such as, for exa , nvention
may be f or med byngﬁsOggﬁégﬁgggﬁpﬁgﬁgmﬁggﬁgﬁ?%Egﬁhgga%%ﬁ§Cgﬁwghgﬁ%ular zones
formed t her einetinaly Furedaepld, thy adiwdaoodes foonpd thgrans nmag pad;ctuecchhy ilngonddi i .

The zones may be dlanDnd rne o the nol ds,.t hat the
| ens of the "HUESUSHIS 2 tS tﬂ}'e zqQeg fhjay g damendy u&“ ﬁg‘? l%qé%

bet ween the npl d3qiotRVRE! éay omlam\f‘e%ﬁb&nsa@@q@éﬁﬂy,rws@ffabteh@lur@@gm igo form
placed between the molds followed by compression and curing of the resin to form
the lenses of the invention. Alternatively, the zones may be diamond-turned into

15 lens buttons.

In the case of an intraocular lens, the corneal topography data may be
combined with wavefront both on the lens’ front surface, back surface, or a
20 combination thereof. The multifocal portion may be placed, along with aberration
correction, on the front or back surface. Known methods for producing intraocular

lenses then may be used to manufacture the lenses.

In all of the lenses of the invention, the distance, intermediate and
25  near optical powers may be spherical or aspheric powers. Additionally, the distance

and near optical power zones may be of any desired and practicable dimensions.



the |l enses of the invention. Alternatively, the zones may be di anond-turned
into 15 lens buttons. In the case of an intraocul ar |ens, the corneal

t opogr apiwo dzs229may be conbined with wavefront both on tR€TU8NEISFOr ont
surface, back surface, or a 20 conbination thereof. The multifocal portion
may be placed, along wth aberration correction, on the front or back
surface. Known net hods for producing intraocular |enses then nmay be used
to manufacture the lenses. In all of the I enses of the invention, the

di stance, internediate and 25 near optical powers may be spherical or
aspheric powers. Additionally, the distance and near optical power zones
may be of any desired and practicabl e dimensions. WO 02/32297

PCT/ US01/ 29548hatgs cleihzed 15:s clainmed is: 1. A nmethod for producing a lens for
a lens wearer conprising the steps of: a.) 5 measuring the basic
refractive prescription of the lens wearer; b.) nmeasuring the wavefront
aberrations qf the hemsdWeasedudiys Pleay fdHanens sdéd cohdrgaiesthattepd oft @ast a
first and a second distance; c.) converting the aberration measurenents to
a hei ght i ffesseinecthe e ipclied prgsaiRbonaking lensfryeseari e NispasWEitht i on and
converted difference - pr.Qyi t 1:G: | en er. 10
2 The. met hod SFTer ey iR RLIE e BRI Bk RSl Breq R A RAT SR

met hod of cl ahiakeconti@istindedipcdneasing sheaalepeidrackssuranats b keighfthe net hod

of claim1, wherein the first distance conprises. a distance of_ . abouyt 15
feet or nDre<Wﬂ%ﬁ$ﬁh€“B$E“%ﬁ%ﬁFH@$§é@BﬁHVﬁP@?%HE@“@B%ﬁP?@%@dQﬁé?QFﬁ Re of

about 30 to ?ﬁgﬁg%gpo H&ﬁ&ﬂﬁkﬁ$ﬁn%¥ﬁe?ﬁweﬂﬁﬁ met hod of claim4, wherein

step b.) fur rises measuring e
10
2. The method of claim 1, wherein the lens is a contact lens.
3. The method of claim 1, wherein the lens is a spectacle lens.
15 4. The method of claim 1, wherein the first distance comprises a distance of

about 15 feet or more from the eye and the second distance comprises a distance of

about 30 to about 50 cm from the eye.

5. The method of claim 4, wherein step b.) further comprises measuring the
20 wavefront aberrations of the lens wearer by providing a visual target at a distance

that is about 50 to about 80 cm from the wearer’s eye.

6. The method of claim 1, wherein step d.) further comprises incorporating
changes in the elevation of the lens’ front surface, back surface, or a combination

25 thereof to achieve correction of the wavefront aberrations.

7. The method of claim 6, wherein the lens is a spectacle lens and step d.) is
carried out by providing the lens with one surface comprising distance and near
viewing zones, wherein the distance zone is produced to provide wavefront

30  aberration correction, for distance viewing.



20 wavefront aberrations of the |lens wearer by providing a visual target at
a distance that is about 50 to about 80 cmfromthe wearer's eye. 6. The
met hod ofw@bzs2mw, wherein step d.) further conprises i nCBEPUSEIIMY
changes in the elevation of the lens' front surface, back surface, or a
conmbi nation 25 thereof to achieve correction of the wavefront aberrations.
7. The nethod of claim6, wherein the lens is a spectacle |ens and step d.)
is carried out by providing the lens with one surface conprising distance
and near view ng zones, wherein the disfpance zone i s produced to provide
wavefront 30 aberration correction, for distance view ng. W 02/ 32297

PCT/ US01/ 29540 10 8. The nethod of claim 7, wherein the wavefront
aberration correction is |located at a portion of the distance view ng zone
nost conmonl y used., b he wearer's.eye for.distan viewng. . 9. The
Techod of "ol &1 m 7 8¢ s R g e R S PSRBTt AP saber r at i on
correction f@catel@t APBFtion S @staRRe ievlidg 20ne fbet oveii@dy afeddlyahen 9 wher ei n
step d.) further conprises providing a plurality of zones in the |lens

per i phery Swhaeaten steie [ digtalicetyeing.zones provi de  wavefront aberration
control for the wearer's peripheral vision. 11. The nethod of claim®6,
wherein the lens is a contact |lens and step d.) further 15 conprises
provi di ng the. | enTheinidihaal dfidldn Berd, diathet bapiisng praviding oeedfreur f ace
conprising the basic refractive prescrjiption of the | ens wearer and a
second surf ageerratigheiresting RRths eI ISBRE ZPPat provi des correction for
wavefront aberrations. 12. The nethod of claim 11, wherein the first
surface is the concave surface. 20 13. The nmethod of claim 11, wherein
step d.) fourtiber Ghaprdtisesofividimil wertinestep d.) further comprises providing a

plurality of zones in the lens periphery wherein the plurality of zones provide

wavefront aberration control for the wearer’s peripheral vision.

11.  The method of claim 6, wherein the lens is a contact lens and step d.) further
15 comprises providing the lens with a first surface that is a multifocal surface
comprising the basic refractive prescription of the lens wearer and a second surface

comprising an optic zone that provides correction for wavefront aberrations.

12. The method of claim 11, wherein the first surface is the concave surface.

20
13. The method of claim 11, wherein step d.) further comprises matching the

concave surface to the wearer’s corneal topography.

14. The method of claim 6, wherein the lens is a contact lens and step d.) further

|2
tn

comprises distributing the basic refractive prescription, the wavefront aberration

correction, or both between the first and second surfaces.

15. The method of claim 14, wherein the distribution is of the basic refractive

prescription.



concave surface to the wearer's corneal topography. 14. The method of claim
6, wherein the lens is a contact lens and step d.) further 25 conprises

di stri butwe@2/s812¢7 basi ¢ refractive prescription, the wavef POMUS@EIRIB840at i on
correction, or both between the first and second surfaces. 15. The net hod
of claim 14, wherein the distribution is of the basic refractive
prescription. 30 WD 02/ 32297 PCT/US01/ 29540 11 16. The nethod of cl aim 14,
wherein the distribution is of the wavefront aberration correction. 5 17.
The method of claim 14, wherein the distgjibution is of both the basic
refractive prescription and the wavefront aberration correction. 18. A

mul tifocal |ens, conprising a front surface, back surface, or a conbination
t her eof wherétn cihngeshddm foemelde whticontheistritmtioansof ihamfagelkordr e
incorporated jn 10 order.to achieve correction of the wavefront
aberrati ons. 229TAPHEOITEHE0f ¢l ai m 18, wherein the lens is a spectacle |ens
conprising a first surface conprising distance and near view ng zones,
wherein the distance zone is produced to provide wavefront aberration
correctiors, flar diTeearetieddfehingl4, phezd thydistibgionds otheh felmsiowher ei n t he
wavefront aberrat.ion correcti sl tpon of the distance

vi ewi ng zone' bv%BWﬁ%HFVm&@§E“%V”Fﬁ§%Q§%P8ﬁ5%9%§§£$?or di stance vi ewi ng.
20 21. The lens of claim19 or 20, wherein the near view ng zone conprises
wavefront aberration correction. 22. The |lens_of claim?21l wherein %1 | east
one the | ens 18ur f &cmyltifoeal Hers, CONPHIIBB3 front surface, back surface, or a combination

thereof wherein changes in the elevation of the lens’ surface are incorporated in

10 order to achieve correction of the wavefront aberrations.

19.  The lens of claim 18, wherein the lens is a spectacle lens comprising a first
surface comprising distance and near viewing zones, wherein the distance zone is

produced to provide wavefront aberration correction, for distance viewing.

15
20. The lens of claim 19, wherein the wavefront aberration correction is located
at a portion of the distance viewing zone most commonly used by the wearer’s eye
for distance viewing.

20 21.  The lens of claim 19 or 20, wherein the near viewing zone comprises

wavefront aberration correction.

22.  The lens of claim 21 wherein at least one the lens surfaces further comprises
a plurality of zones in the lens periphery wherein the plurality of zones provide

25 wavefront aberration control for the wearer’s peripheral vision.

23.  The lens of claim 18, wherein the lens is a contact lens comprising a first
surface that is a multifocal surface comprising the basic refractive prescription of the
lens wearer and a second surface comprising an optic zone comprising correction for

30  wavefront aberrations.



a plurality of zones in the I ens periphery wherein the plurality of zones
provi de 25 wavefront aberration control for the wearer's peripheral vision.
23. The Meag2/8M29tl ai m 18, wherein the lens is a contact |RPaFUS@MIB40SIi Nng a
first surface that is a multifocal surface conprising the basic refractive
prescription of the |ens wearer and a second surface conprising an optic
zone conprising correction for 30 wavefront aberrations. WO 02/ 32297

PCT/ US01/ 29540 12 24. The lens of claim 23, wherein the first surface is

t he concave surface. 25. The |l ens of clajym 24, wherein the concave surface
substantially matches the 5 |lens wearer's corneal topography. 26. The | ens
of claim 18, wherein the lens is a contact |ens wherein the basic
refractive peéscr iTptionof thenRayeheromtthabest sutacons borcpewtve ewfacgr both are
distributed between the first and second surfaces. 10 27. The | ens of
claim 26, wherein the distribution is of the basic refractive
prescriptionys28. THRGs@nslafh 28] Rhéreidbhe WARERI $irfabe sehistdntibpina@Ned heof the
wavefront aberration 15 correction. 29. The nethod of claim 26, wherein

t he di stridbulénsnveaersfcobsehtoppgrapasi ¢ refractive prescription and the
wavefront aberration correction. 20

26. The lens of claim 18, wherein the lens is a contact lens wherein the basic
refractive prescription, the wavefront aberration correction, or both are distributed

between the first and second surfaces.

10
27. The lens of claim 26, wherein the distribution is of the basic refractive
prescription.
28. The lens of claim 26, wherein the distribution is of the wavefront aberration

15 correction.

29. The method of claim 26, wherein the distribution is of both the basic

refractive prescription and the wavefront aberration correction.

20



