DESI GN OF MYOPI A CONTROL OPHTHALM C LENSES BACKGROUND OF THE

| NVENTI ON 5 Cross-References to Related Applications This
application clains the benefit of United States Provisional
Application No. 61/149193, filed February 2, 2009, and United States
Non Provi sional Application Nunmber 12/697,931, filed February 1,
2010, which is hereby incorporated by reference inits entirety. 10
Background of the Invention This invention relates to designs and
nmet hods for preventing, stopping or slow ng nyopia progression.
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This is perceived by the viewer as blurring of distant objects, with
t he .ampount of blurring being related to the severity of the myopia.
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coni cs" _where the sinple conic equations have even ordered pol ynom al
terms dOAHEN8 them These 30conic and pol ynonial terns are processed
so that the contact |ens surface shape of the proposed design

produces the required anount of field curvature, This_aPproaCh
ad 01[56 S Sl\égomq,ﬁllsa newgy é%ﬂgﬁ_-mghtedness, is a refractive condition wherein the overall power of

the cyc is too high, or too strong, causing light from distant objects to focus in front of the retina.
This is perceived by the viewer as blurring of distant objects, with the amount of blurring being
related to the severity of the myopia. This condition is often first scen in childhood, and vsually
noticed at school age. A progression, or increase, in the severity of myopia, is usually seen in

20  myopic cases until young adulthood.

US Patent 6,045,578 proposes methods of using on-axis longitudinal spherical aberration (LSA)
in contact lens designs to attempt to halt myopia progression. The design approach suggested
does not appear to address specific wavefront/refractive power characteristics of the individual

25  eye/or group average data or changes in pupil size associated with close work.,

US Patent 7,025,460 proposes methods of altering field curvature (off-axis focal point variation)
to try to halt myopia progression. The mathematics behind this approach uses “extended conics™
where the simple conic equations have even ordered polynomial terms added to them. These

30  conic and polynomial terms are processed so that the contact lens surface shape of the proposed

design produces the required amount of field curvature. This approach addresses off-axis design.



On-axis optical design of the |lens does not appear to have been
addressed. Pupil size and wavefront changes associated with near
tasks were not addressed. US 2003/0058404 and US 2008/ 0309882
proposes a nethod of neasuring the wavefront of the 5 eye and
correcting the wavefront of the eye with a custom zed correction to
sl ow nmyopi a progression. This did not include neasuring the wavefront
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1 with near tasks in the design process. Group or population data to create a design to control eye

growth are not included.

A more complete approach to slowing or stopping myopia progression is still desired. This is
addressed in this specification.
20
Summary of the Invention
In one aspect of the invention a method and resulting design to be used in the fabrication of
ophthalmic lenses useful in controlling and slowing the progression of myopia incorporatcs the
use of wavefront data from the eye. Ophthalmic lenses include, for example, contact lenses,
25  intraocular lenses, corneal inlays, and corneal onlays. Further, they can include patterns for

corneal refractive surgery such as LASIK surgery.

In another aspect of the invention, the method and designs used to make lenses for slowing
myopia arc used in paticnts with active levels of accommodation.

30



In yet another aspect of the invention, a design for an ophthalmc

| ens produced according to the nethods of the invention includes a
convex surface with a central optic zone surrounded by a peri pheral
zone which is further surrounded by an edge zone, and a concave
surface which rests on the wearer's eye; and a | ens power at any
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15

In yet another aspect of the invention, data for a sub-population wavefront data is considered.
In yet another aspect of the invention, data for an individual subject is considered.

20 In yet another aspect of the invention, the wavefront data is an average of multiple wavefront
files.

In yet another aspect of the invention, the lens design power profile is calculated by averaging all
meridians to a rotationally symmetric form.

25
In yet another aspect of the invention, the lens design power profile is calculated by the inverse

of the near power profile.

In yet another aspect of the invention, the lens design power profile is calculated by neutralizing

30  the negative aberration of the near power profile.



In yet anot her aspect of the invention, the | ens design power profile
is calculated by adding the distance to the near wavefront power
profiles. In yet another aspect of the invention, the | ens design
power profile is calculated by adding a 5rmultiple of the distance to
t he near wavefront power profiles. In yet another aspect of the
invention, the |l ens design power profile is cal culated by adding a
portion_of the distan to the near vef ront _power ofiles. 10 Ln
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t he method includes converting wavefront data characterizing an €ye
to & rauilaple pbihe distrape toghbeaa Margfiant pewes nsofiles: profile and using the
power profile to produce a lens design for a lens with a convex
surface with a central optic zone surrounded by a peripheral zone
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whi ch rests t wearer's eye;.the | ens wer at any location in
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averaged wavefront derived power plus a correction which is derived
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wavef ront” derived powers. 25Brief Description of the Drawings FIG 1
shows wrempEigefront error on the left panel and cal cul ated refractive
power on the right panel, both for the sane eye. FIG 2 shows
profile plots of refractive power data in terns of distance from
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- 33m digSt&AMEEd by a peripheral zone which is further surrounded by an edge zone, and a concave
surface which rests on the wearer’s eye; the lens power at any location in the optical zone is
20 described by the sum of the apical distance averaged wavefront derived power plus a correction
which is derived from a single, partial multiple or multiple of the difference between the distance
and near average wavefront derived power at each location and the difference between the apical

near and distance wavefront derived powers.

25 Brief Description of the Drawings
FIG 1 shows the wavefront error on the left panel and calculated refractive power on the right

panel, both for the same eye.
FIG. 2 shows profile plots of refractive power data in terms of distance from center. The left
panel shows all available meridians, the right panel shows the average, maximum and minimum

30  profiles.



5FIG 5. shows the group average refractive power profiles for both
the di stance and near stinmulus levels. FIG 6 shows the anount of

I ncrease in power is designed to neutralize the natural negative
power shift in the group average data for the near wavefront power.
FIG 7 shows the anobunt of increase in power is designed to shift the
natural negative power 10 shift which is evident in the group average
data for the near M@vcfront ?mer back to_the di stance wavef ront
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met hod Q@ﬁpgdcgﬁﬁohﬁqﬁlﬁmuﬁs%m%ﬁﬁ% t he anobunt of increase in power
I's designed to shift the natural negative power shift which is
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to greaggey Q&B@ﬂ[&d&t{bﬁsﬁhﬁﬂlﬁ %3W§%I{ant power profile. FIG 10 shows
or ma

the flow o e practice of an aspect of the inventive
met Fod. FIB. GURESs fhtAreuplidvBragh cafrapiowegrower piofiles fordfott thn damncesidgredstimulus
according,.to an aspect of the inventive nethod. FI GURES 12A- 12C show
power plF%ellﬁ | es of | enses designed according to an aspect of the 20

i nvent i Mg, Behdvacthe mh6dMREBinkBAse ih Powsiotedd@be ko Rfudhiitebe ﬁzituﬂaﬁﬁt%ﬁve
desi gned according to an aspect of the inventive nethod. FI GURES
14A- 14B8H B SE SFrupraveiaac data fos thedsaueie§RBiPoEor di ng to an aspect

of the Higy¢RhIWEhIENERH of Arrd? RIpb&er IPRSGEHeR §fft the natural negative power

10 shift which is cvident in the group average data for the ncar wavefront power back to the
distance wavefront power profile.
FIG. 8 shows a final lens power profile based upon the method described herein.
FIG. 9 shows the amount of increase in power is designed to shift the natural negative power
shift which is evident in the group average data for the near wavefront power back to greater
15 than the distance wavefront power profile.
FIG. 10 shows the flow of information in the practice of an aspect of the inventive method.
FIGURES 11A — 11B show power profiles of lenses designed according to an aspect of the
inventive method.
FIGURES 12A- 12C show power profiles of lenses designed according to an aspect of the
20  inventive method.
FIGURES 13A- 13C show power profiles of lenses designed according to an aspect of the
inventive method.
FIGURES 14A-14B show power profiles of lenses designed according to an aspect of the
inventive method.
25

Detailed Description

The methods of the invention involve using wavefront data to design and produce contact lenses
useful for treating, slowing, and sometimes stopping the progression of myopia. Ocular
wavefront data, for both distance and near stimulus levels is collected from a patient using a

30  wavefront sensor such as a COAS (Wavefront Sciences Inc, Albuquerque N.M.). This wavefront

data is generally in the form of Zemike polynomial coefficients but can also be a set of



The met hods of the invention involve using wavefront data to design
and produce contact |enses useful for treating, slow ng, and

soneti nmes stopping the progression of nyopia. Ocular wavefront data,
for both distance and near stimulus levels is collected froma
patient using a 30 wavefront sensor such as a COAS (Wavefront

Sci ences Inc, Al buquerque N.M). This wavefront data is generally in
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popul at’ﬁh@ 05J t8'de mT%meH&Q%r%M%am Jihk El]zs%?ﬁ oY b5 o8 eds &Lt RorRARHE ©

a rotatlon y symmetric design where optic zone mefidians are
t he 5sarme sulppopmlations. Thisanétherbdanype sgedte praducele sitgionelipesyenneciah dessn when

is uni nd the r v t nts
nown eHaRBEore Ferlfa ahe B 51 § A s P RRE) Smaleid P SRRCHTR L o
are t akﬁmdnanh@umqﬁ@amitthe ﬁa@ul@omﬁfeﬁbﬂe&lam’shﬂdmﬁé)émb@;hﬁbx&fs ikngwn changes in

opht hal m c _l.ens ns is sed i art upon ocul ar wavefront data
ohd | nel-gabieel ot fonraamedine of hreinse 4 Rk it B Bar a1 or

di stance and near stinulus levels, is collected frompatients using a
wavefront sensor. 2. Each wavefront is converted to a refractive
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through upi'l center |ng the axi al focal |engths
(i.e. theli lﬁlcalas sovéfomt dita,tfiedistanticand nerystimittus loivels, is helleztedxios) pafichts
converting the focal ths to optical power values (Figure 1). 20
I n anot her EWB%EWﬁgﬁ?lﬁng nmet hod, a refractive power nmap is
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through the pupil center.
3. Calculating the axial focal lengths (i.e. the intersection of the radial ‘normal’ with the z

axis) and converting the focal lengths to optical power values (Figurel).

20  In another embodiment of the method, a refractive power map is calculated from the set of

estimated wavefront Zernike coefficients using the refiactive Zernike power polynomials,

¥, (p,8) , as follows (see Iskander et al., 2007, attached)

Foroy =20 zc;y (rlr...0) (1

mnxj3

where ¢; are the wavefront Zemike polynomial coefficients, 7, cormresponds to the pupil

25  radius,
V2 + DO (p)cos(m®),  m>0
¥,(p,0) ={ {201+ DO (p)sinmB),  m <0 @)
Vn+10(p) m=0
with



where ci are the wavefront Zem ke pol ynom al coefficients, /;"ax
corresponds to the pupil 25radius, 112(n + 1)Q (p) cos(n 0),in
> 2(1.1-1)Q 7 (p)sin(nt 0),in <0 (P)711 =0 (2) wth Qmn
(p)=(-1)s (n s)!'(n -2s)n-23-2 E
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J= {1, [m|<1
0, otherwise

Ocular pupil sizes arc also cstimated cither directly from the wavefront measurement or by an
independent pupil measurement (e.g. using a pupillometer). If the pupil is measured
independently of the wavefront, it should be measured under similar lighting conditions and with
the patient focused on a far target and a near target that produces the same accommodation
stimulus levels as those used when the wavefronts were measured (for example 0 D and 3 D
accommodation stimulus levels). To get wavefront maps of sufficient diameter, measuring the
wavefront in moderate to low luminance conditions is preferred. The far and near wavefronts
should be measured in the same luminance conditions, less than or equal to 50 candela per meter

squared, for example

The ophthalmic lens made according to the invention have the following parts and
characteristics:

a) a convex surface with a central optic zone surrounded by a peripheral zone which is
further surrounded by an edge zone, and a concave surface which rests on the patient’s
eye;

b) the lens power at any location in the optical zone is described by the sum of the apical
distance averaged wavefront derived power plus a correction which is derived from a
singlc, partial multiple or multipic of the difference between the distance and near
average wavefront derived power at each location (x) and the difference between the
apical near and distance wavefront derived powers, the optical lens power is useful in

controlling or slowing the progression of myopia.

The data files are put through a screening process where the wavefront Zernike coefficients,
pupil sizes and refractive power maps are analysed to identify trends in the wavefront dynamics

and remove outliers or invalid data (eg. using the Wavefront File Management software).
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geometric mean. This can be used for individual customized or population based rotationally
symmetric designs.

20

In Figure 3 are the average right eye refractive power profiles for individuals and the group

average for an accommodation stimulus at 6m distance (i.e. accommodation stimulus is 0.17 D).

This is approximately distance (far) vision.

25  InFigure 4 are the average left eye refractive power profiles for individuals and the group
average for an accommodation stimulus at 0.33m distance (i.e. accommodation stimulus is 3.00

D). This represents near vision.

The group average refractive power profiles for both the distance and near stimulus levels are
30 shown together in Figure 5. These data are then used to determine the required refractive power

profile of the lens for myopia control.



If nultiple wavefront data sets have been collected (as is
preferred), the refractive power maps can be averaged to reduce
random errors and variability associated with factors such as

m crof | uctuati ons of accomodation. 5 The next step in the process is
to generate an average refractive power profile. This is cal cul ated
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are thep. HsQthited SRRl Phbe-dARdi &l 'ébl{e%i?ﬁﬁidﬁéﬁwﬁ%i }‘]\G defélféfx’a!i&l of
the lens for nmyopia control.” Power Profile Driven Opnhthal mc Lens
Desi gn doeetisus Toric inclpii¢sithe emtecden of botfuregelar andrirrbgularsstipmatister i ve a
contact |ens design for nyopia control. Exanples
Further refinement of the design produced according to the invention can be based on the pupil
20  size of the subject (or population of subjects). The natural pupil size for near accommodation
levels is typically smaller than that for distance/far accommodation levels. Therefore for an
optical design based on foveal vision (on-axis), the change in optical power required to control
eye growth based on the near wavefront can be confined to an optical zone diameter
corresponding to the smaller pupil present when the near wavefront is measured. Outside of this

25  inner cenfral region, the optical design can revert to one that is relevant for distance vision.

The following are exemplary design methods obtained using averaged data from all of the
considered semi-meridians. These approaches will result in rotationally symmetrical designs (no
requirement for them to be stabilized to minimize lens rotation).

30
Method 1:



5i nclude: A custom zed design based on the individual subjects data,
or A group design based on a particular sub-popul ation of data (e.g.
young Asi an children aged 10- 16 years of age), or A general

popul ati on desi gn based on all available data (e.g. all nmyopes). 10
Additionally, both rotationally symetric designs or non-rotationally
symmetric designs are obt ai nabl e usi ng the met hod of the invention.

V\he n d%é?na: fﬁstg}e{‘eﬁﬁ g ee&[d? a v%!‘ & %nfr wav ﬁ&t?&?&cm@ n‘émv?ér?ﬁuﬁeé %s t%e startmg

Fi gure Cregte rotatrond
or |f tpbmt dattie diesigneTlm designi mlun'egansmneamn reﬂraomml pofmr of (he &ink (rpanael of

Fi gure 2 it c used to create l5non-rotati metric

eai on @OV G YT FyE S et SPPLBE PrFe LMt THCHBObE ar e
not | i fhdrefe iPpdvdi iscdesiBRdtEO QreGtydlizB del fafiral nSRINRE Qo®¥ ShiTHhbCi8 bvidbit i the
hlgher order aberration correction. Toric includes the correction of

bot A r EgeHPAveraaRidaty fasdhn nepr wavafignbiaveam(Fipwre Ohdhe black supwn indispterthe:
desi gn Iﬂdﬁg&%r%ﬁ E?é@ﬂe& il &e'n@X Jef ﬁélébnt%%teﬁﬁgger%o&@ﬁ%hg 3

20si ze o subj popul ati on subj ects e natura

size for near acconnndatlon | evel s is typlcally smal l er than that for
dIStan%&& ggzacconnndatlon | evel s. Therefore for an optical design
based on"toveal vision (on-axis), the change in optical power

requirda tﬁecseamﬁtmiemﬁodeme ngridishavbagal] neun wahefrang fafrasiveefovan s 4pain dsai as
confined to .an Qgﬂ%f%@dzone |anet§%FForres ondln to the. smal

pupP  Shetutins o rged p sch%ea éﬁ@ﬁﬂ@t%qmmlgn

251 NNery&apdd éilstaﬁ(%b%froﬁtt}@fr%"vb ﬁ@wkreld?ﬁé Siga Uiy il fncfe@sefﬁi Scftddgle I S
rel evant for distance vision. | owi ng are exenpl ary design

met hod $owek ofi thelgniignarg P‘aﬁ\?fé‘fedtj)é‘@f)daiﬁlamﬁﬁe@m&¢hor4ﬂlaftﬂh‘éf fromdhaiesntsg of the
o e M HOOSE SORSOREIE S MLt EM B LIk g v
m ni m Zeevidemsinrtb¢ gioup ayeragdGlatfbhthd ngar wavefront power back to the distance wavefront
15 power profile (Figure 7). The black arrows indicate the positive power change required. If the
patient needed a -3.00 D distance correction, the lens power profile in this case would be -3.00 D
centrally, at a ray height of 0.6 mm the required increase in power would be about 0.25 D (net
power -2.75), at 1 mm ray height the required increase in power would be about 0.5 D (net
power -2.50 D) . Figure 7 represents the wavefront derived power profile and Figure & shows a
20 lens design power profile to correct both the central error and the profile going to the periphery
based upon the rationale described above. While this example shows the actual design extending
out to a ray height of 1.6 mm (diameter of 3.2 mm) it is appreciated that if the wavefront were
measured to a larger diameter, the design would extend out further. It is also appreciated that the
design could be extrapolated to as far as 4 mm ray height by suitable mathematical methods.

25

Figure 8 shows a final lens power profile based upon the method described herein.

Method 3:
In another embodiment of the invention, the meridian averaged, near wavefront’s refractive
30  power is again used as the starting point for the design. However the target power change in this

case 1s double the difference to reach the meridian averaged, distance wavefront refractive

10



In the first nethod, the meridian averaged, near wavefront refractive
power is used as the starting point for the design. The design
requires an increase in refractive power of the lens (nore positive
power) with increasing chord dianmeter fromthe centre of the |ens.
The amount of increase in power is designed to neutralize the natural
negative power shift that is evident in the 5group average data for

t he near mav fr nt, p r Ei ure 6).. The.hlack arrows indicate t

bosi £ 1 deovDPu SR iR ntin BT et (i R G RPoMR O LTt P g
to a z %@eﬁ@ﬂﬁ”efr@cﬁﬁr@ ggweﬂ\@h@@&lﬁl requirel B ins RASTH réichedipovidh 8f iR Ndrdi(ABre
averaged, near wavefront refractive power is again used as 10 the

starti MPSHHEREWER Withiacrepsgigghordidismesiernram thercantireal thoolgas: Thaameentioh
this caf eb%elé p@w&qg u&s Bd VS5 RS Sarutt 5b m@Fa\@&%ffpmcﬁ fzfe@ggﬁet lt@e

power . gn requi es an increase | ractive power
| ens (rgrp@ posigeidete fpxdhengarwaqumpm\eashadgtoah@edladiﬂam@stmcefwamere

f the f i
i 11 ok € I BB R FFERERR BBl RSB RS o B
aver agerecispinizell eat hhﬁlplllél&rof Vsy b oty 470 wesfulDRE kxdntplé 0.6 tigh diffedte. This may

wavefrant ~15power profil ure 7 The bl ack arro indicate the
posi ti V& ¢ VEP @Hﬁﬂd&ﬁ‘? aff&e tlenrfrb"% il %liqd&%tth%s%ea% this Inyepjgpnp

di st ancg n@&ﬁdcﬁqtii @ debiBg pbeaﬁaramwwe@rcefchﬂaedlaﬁ f1WS: TRV YoFeBfofiles

-3.00 Dcentrally, at a ray height of 0.6 mmthe required increase in
powdy vmrpdcwébqﬁ@e@cmatzeﬂbbrH@thpaiwer -2. 75) at | mmray height the
required increa POWEF—WOH pewer -2.50 D)

Figure 7 repreé@ﬁ%ﬁqfﬁé”ﬂhvéﬁ&dquaeﬁ%@gﬁwpoﬁépmﬁ}OFPWS)and Fi gure 8
shows a 20l ens design power profile to correct both the central error
and the profile going to the periphery based upon the rationale
descri bed above. Wile this exanple shows the actual design extending
out to a KA Ripg) 19?he%v§a@ﬂv£@‘ﬁ%ﬁ?&eﬁue(9&s§n& @ ctivk b»%erqﬁ’ Eﬁ@ﬁ gt ed
that if the wavefront were neasured to a larger |aneP design
woul d ext disgnennt afrgy heaght x, RPN(x9 lsaawealgpwemfmnedlermémearm@r@em pwer
be t
uthg Tat i gfg%:gu a:ﬁﬂ%a%gt égay%% &21?{ @3 kf]kg ngqngasf}iltgﬁ gﬁ@ﬁ%ﬁtlc%wéupa%n For

based upoexdnipde sredristadt dedtiplich el prefestdvalddstftuodhidh are between 1 to 2 but the

usable range extends from .25 to 4, or vary with x as with an inverse Stiles Crawford effect.

In selected cases, the function RPD can be replaced with a flat line with a slope of zero.
RPD(0) is the average wavefront derived distance apical refractive power, and RPN(0) is the

20 average wavefront derived near apical refractive power measured at near at a ray height x.

In methods 4-6, data from all considered semi-meridians (not averaged across semi-meridians)
are used. This approach results in non-rotationally symmetrical designs. These designs must be

25  stabilized to minimize lens rotation.

Method 4
In this embodiment of the invention the semi-meridian near wavefront’s refractive power is used
as the starting point for the design. The design requires an increase in refractive power of the lens

30  (more positive power) with increasing chord diameter from the centre of the lens. The amount of

11



I n anot her enbodi nent of the invention, the neridian averaged, near
wavefront's refractive 30 power is again used as the starting point
for the design. However the target power change in this case is
double the difference to reach the neridian averaged, distance
wavefront refractive power. Double the difference is preferred, but
the difference can range up to 4 tinmes the di stance wavefront
refract [ i r
of the c\éﬁassg %ovver Ih&sigﬁéd tg%e{lt?aqgi!: 'Eh%%'hﬁﬁ]al n@%%%?ﬁgw%ﬂsg;fg{héﬁg%{ép 1??@%
t he cemmmﬁbmmehQEuMQd&nnﬁhemannunt of increase in power is deS|gned
to shift the natural negative power shift which is evident in the 5
group average data for the near wavefront power back to nore than the
di stance wavefront power profile (Figure 9). The black arrows

i ndi cate the p05|t|ve power change required. It is also recognized

t haf mibiot pysty Besdign andchord logafianiy eyetaﬁ BOY&df mgaﬂ%rtheeemwé > chapgid
differ I f t but
Stil1 CBog s T pREeEaRFhehE R 1, KR Bl R B oLl
desi gn npoidemns propfust ths average neridian dted iaMdtlydd 9ws The opti cal povver
profiles 10 were described mathematically by the equation: Pow Pr of
= RPD( k(4PPD(.) + (RPN (0) - RPD(0)))- RPN (9) Were RPD(x) is the
aver ageMsweadsfSramdts: deri ved di stance refractive pomer nmeasur ed at

distanc at a ray ight x, RP ver vefr nt der |

nedP r %?afl?tb%ﬂaa&@%o R R ot lasl 09 S, S 1% %@S&?ﬂ
I's any ofHietRReLpioBlcNRIES hGalivd MPelkridr tHeQleaXARRLE @s}ﬁﬂa%amtch the

mul tiplier, the preferred values for which are between | to 2 but the

usabl e C'P’é?ﬁ@@ﬂ@&& poiaisoffthedistancesvaveirant. lyrthe wasymajorify of ipdangps, Headistance

i nvers D
can bo VTS LA R oS chabdd o B TR ay b Bl AN e
aver agenegmefurpmterdbarngved di stance apical refractive power, and
RPN.O) is the 20average wavefront derived near apical refractive
power neasured at near at a ray height x. In met hods 4-6, data

f r om alth Megiesli6) eschdoc€ion ofie povanBofils tiat ABuepabedn pewaSsr the near wavefront

sem - neri di ans) e used. This proach results..in non- tionally
oymmet i SteddRetoghis therppuics reflsEr g RETHL e SATBCRARE POBiCR ! e 2o
lens r QlAtk&R. Ifi\tﬁé fi9€né Wﬁefrhht%o@%p%hg@ﬂ%ﬁfbfhabﬁ@s H@U@ﬁgghﬁ’% ih Ifb@wer at

sem -neridian near wavefront's refractive power is used

st art i #gy psptinn, fhedesipeapnsedclgan thaodiaisd trmaledhe ﬂ%fgulhppweﬁ @t @&é@cmﬂﬁn

reEbacﬁ Y8 (PNET of the lens 30 (nore positive power) with increasing
hord diraneter fromthe centre of the I ens. The anpunt of

Method 7:
The wavefront diameter for a near stimulus, is approximately 3.5mm (ray height 1.75 mm),
while for the distance wavefront it is approximately 4 mm (ray height 2 mm). The power profile
25  within the central 3.5 mm (in this case) can be designed based on Methods | to 6 described
above. From the edge of 3.5 mm central region to the edge of the optical zone (e.g. 7 mm) the
lens power change can be designed to follow the power change derived from the distance
wavefront (see black arrows from 1.75 to 2 mm in distance wavefront). If the distance wavefront
does not extend to the edge of the 7 mm optic zone, the power progression could be an

30  extrapolation of the distance power profile change or asymptote in power.
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increase in power is designed to neutralize the natural negative
power shift that is evident in the data for the near wavefront power.
5 For every neridian and chord | ocati on where the power is negative,
the power will be changed back to zero. This approach is anal ogous to
Met hod 1, but applied to all locations across all meridians (not just
t he average neridian data as in Method 1). Methods 5 and 6: 10 These

met hods_are al so an gous tq. Methods 2 and 3 spectivel y

Met hod HS EeR ﬁPBEE’é‘F iees tpﬂ@nbawe‘?sw t9ps %Séocgaﬁﬁ%ﬂf wit %ﬁ’ﬁé’@%&‘?"{)’é frpp
pover f@frekith tIRBArNAYEEILIM. I doe§ tHid Eﬁﬂoh@m@%bﬁ'&tkﬁ@alﬁﬁgdrtﬁ&@%@ﬂrﬂﬁlhe
poi nt of the distance wavefront. In the vast majority of instances,

t he di stigpnres W@’@?&té@nthwmca}faa@npéﬁxetlwépqstm@r@ reBign 96 thgropiiazone) that

| ocat i A hange. 15
Vet RSB B S ML BR e ol BRAR Y e R W EneE 2TV T
powér for the near wavefront is shifted by doubl e the power reqU|red
to match_the correspondj.n PO i nt vefront

i st anca® TG AP RO LR aR emvta Geifh b ARERed S B B pe oo
power  adonfbly islte ¢@ttdpolite th Gedl @siveifon pOWEGRHIil6 @Ranke fidRtthé t@@ dfthaTRie

t he defaul% power ﬁt éhls | acat i on 20equa| to zero. Method 7: The
wavef r oktveEPRiAt i the gigept theimmopHeAl g€ i s appr oxi mately 3. 5mm (ray
height 1.75 mM), while for the distance wavefront it is approximtely
4 mm (ray height 2 mm) The power profile 25 within the central 3 5 nmm
(i nl0t huﬁﬁm?fmﬁq@nwm@raghwhbas@mom shveyhiodds- 10t o 6 descri bed
above. Fromthe edge of 3.5 mmcentral region to the edge of the
optical zone (e.g. 7 nm the |l ens power change can be designed to
foll ow THeapph'wﬁSDn ohthisgsetba! focesitd & spm:iﬁb estignstiancerisdvsfn Bhowsméigure

bIack 1,75 to 2 vefront).,.lf the
ot or Snal B atred T 4 2eh oo lTE it a'eh BV By STl ok cirdnst s ghe near
zone, tisrcRONERIcriPEDHIESEd powEdhds R&héwn. 30 F@&ter lalFED E@H‘l&[ﬂiéﬁs ofhe

di st ance power profile change or asgngtote in
15  conventional toric lens with a power of -6.00D>S -2.00 DC x 35 18 shown

Figure 12 shows the detailed power profile plots of specific spherical lens designs generated by
this method with apical powers of —1.00 DS, -3.00 DS, and —6.00 DS. The profiles shown are the
powers on axis and going out into the periphery of the optical zone of the lens.

20
Figure 13 shows the detailed power profile plots of a specific spherical lens design generated by
this method with apical powers of —-9.00 DS, and toric designs of —1.00DS —1.00 DC x 45, and -
3.00 DS -1.00 DC x 0. The profiles shown are the powers on axis and going out into the
periphery of the optical zone of the lens.

25
Figure 14 shows the detailed power profile plots of specific astigmatic or toric lens designs
generated by this method with apical powers of -6.00DS -2.00 DC x 135, and -9.00 DS -1.00 DC
x 90. The profiles shown are the powers on axis and going out into the periphery of the optical
zone of the lens.

30
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Thi s design approach attenpts to limt any vision |oss associ ated

wi th the near wavefront correction to control eye growth. It does
this by providing correction tailored nore towards the distance
wavefront for the optical region of the |ens (peripheral region of
the optic zone) that becomes "active" when the pupil becones | arger
when viewing in the distance. 5 An alternative approach, that does
not optim ze visikqn.for.di stance.but enhances t eye,.grow h control,
e tof Erhs Rt A hat SO SR eale BORERRET Rt R S e
edge ofreddable AeAiunvaihe fcompliteOtehddble hédiure dgmyafatd disragodevizp thiat 8dn gerodata,
10 The fl.ow of | nfor tigs to practice this t@pd IS shO@@ﬂin i g.
10. TheVHPpihFieaisTean BF ref PE @ SEPRYE D8icRy EXFraplss AFeRPHIcE ] “g‘ﬁﬁ‘;li@ or

tone desiign &@-&hg\mﬂo@y, el frackdss n{eﬂwcr*,@mmﬁ%mﬂa@, rRGN&Ic tRfeObpil Bl

that was derived by subtracting the di stance m nus the near wavefront

der v edlatpséareggedsvisondhe gampider readableangdium garrglep hedistripited peer getviosk ans
fal i onal ' ' - - 135
’s ehodathue g syl Ko 1R et NG Ol i ot socla e

speci f idistsiphet fagtadn.| ens desi gns generated by this nethod with apical
powers of -1.00 DS, -3.00 DS, and -6.00 DS. The profiles shown are
the powers on axis and going out into the periphery of the optical
zone ofTHeh@/ch@fbmayb@itieriehtsans dohpuee bigtthipg weengtefing Rcitliics of
a specific spherical | ens design _generated by this nethod with_ apical
povidr s iggluding enmyder sgiyare ofranirEshgriwvags orany gombinationgy spipsckthausof. Ay -
3. 00 DSQychlreQftitdoréeim, FEnPERRR kS S RNRIR oA Bedrld EmBPVESRLRARL IV hivald
going out Iinto e periphery of the optical zone of the lens. Figure
14 showsithithencutregtt eompaoneicagblsfmedia, phasehy rodkingeeintiuter prageamratddoctore.,

tone | g iQan, . ' ody W I.C.oH. S

T L G L e N e e A
shown axamplae fodghadpdrisay diskeaiedopgioalrtisko ttagh atic dapte henpemidphier ieabrytshen
opt.i.cal zone of the | The net hods. of .the invention can_.b

enddar daradopbpemer (ROMR e oL BN B e eiRiYiaE MEALTb B A HAmet e
conput ethet egidbhieatitdictidrk Sr AR/ THAbAICK ThR@efadRYd eRtdidiat the @Bmplter &de
data, which thereafter %gn be read by a computer system Exanples of

conput anayrhegeadsiead/rersed ieﬁ‘?ﬂuﬂ%thle ¢k ‘E’Fﬂc‘}y fFBPPd?nﬁ mediyy Gmcardag e code
Menor Y. f s s RN iud YP8not IR G funf of g?ﬁ‘ansﬁﬂftihg Ae code HRlra mebirR0e

devi ces. The conputer readabl e nmedi um can al so be distributed over
net wor k coupl ed conputer systens so that the conputer readabl e code

| i o B e PARILR, ool Sl e DA e i PR AN

usi'n ng or engi
i ncl udinoglimoedtet £centraf praeasaing hnit QRANemechary] warage devieasyconontniiceibh Ginkor

subset thereof Any s resultin rogr a havi ng conput er -r eadabl e
code. me g, SRS BES oF AR P e OTe HipRRsnE ot
conput efichi BReaiHverd[Eoindare] REARDY of B} AEnlAnLiBNBH 5IBEtIRRETANMiRh BElb6dy the
i.e., an article of manufacture, according to the invention. The

conput epveplgmaickiogdp eplymbe, for exanple, a fixed (hard) drive,

di skette, optical disk, nmagnetic tape, semi conductor menory such 15
as read-only nenmory (ROM, etc., or any transmtting/receiving nedium
such adJsehieputnast reecasyeddtdne thedoyimard, owuio pem eoigortkudrscicemlor Thpother
article of nuf acture _cont ai nj t he conput er,.code be mde

ana or e PR SR E Y in SRl Hafido & R5wBRED MRl R Y BB s suoh o
copyi ngpplivaticop@gfanem one nedi um to anot her medi um or by
transmtting the code over a networKk.

30 One skilled in the art of computer science will readily be able to combine the software created as
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20 Devi ces according to the invention may al so be one or nore
processi ng systens including, but not limted to, a central
processing unit (CPU), nenory, storage devices, comrunication |inks
and devi ces, servers, |/O devices, or any sub-conponents of one or
nore processing systens, including software, firmnare, hardware or
any conbi nation or subset thereof whi ch enbody the invention as set
forth i e . cl ms 25 User he received fromthe keyboard,
nouse, %’éﬂf 698? PPEOBHIEN gg%‘?f%lé’ﬁ 06? Ofa%?"‘%tﬂ’f&?"s?r’é%{ﬂgﬂ% AfEHO S R an
can i npddmpked Systn Br EMUKr Qhb-s) el bAY idoNhOMSRo@bNEE iREeRAWMs such
as appllcatlon prograns. 300ne skilled'in the art of conputer science
will readily be able to conbine the software created as descri bed
VD SPRIARGhALSHBBARE Sl MLLAADE, A SRAGLANRKGARTS OMMME Readifl ANRL ©
to create a conputer system or  conputer sub-systeme
met Hfod awé useldeo provdacet tho desighl dewabderbd@ven’ﬁmeergns crpatétbuccevdargibene ohibe

S S R R e R e

t he mstlﬁlﬁdfandeﬁﬁfehbﬁdoﬁbﬁm&loﬁroe s6fb eshtdcolcpicn thibtile] WIEAS limRakdrg Kifbbne,
t he Ien?es are ciontact lenses. Illustrative materjals for form élon
of sof telestRmesy Silicantserntainiag meeromars IR ng, ithoyt imiiatiog; thpsegtisclosed in US.

el ast OB NosS5,37CMES390HEH, RhEY Owgﬂ@m%ééoia%' ik el Qnti M ference
limtation, thosé disclosed in U S. 5,371, 147, 5, 314, 960,
andi0s, 0By, ﬂlh@mr:ﬁgntatnm hiydraghls; arndélm lull-mmd égmbnylatu@rséheécmfelvlorc
10hydr I 0,

conbi ngg:é%%gl t Lgrsgo %Eﬁ&sﬁé TB grcméﬁﬁs agﬂ?%nseﬁf? %%:Ogﬁllili C)%lthom or
cont ai riamaztnsn,l m»k;ahmeﬂhykmlbxm@actqnemcﬂmﬂhhcl}goxymdphbmtoxhnemdndtmmtnres

it ur aEetdfes B TR 8 PO B s AR, P T Ryes ™

mat er i alcgudfilénlelesilcvh, tafllkod, ldiefiRbh, GonefAGAUBAIESN) lot@FiRbh,| 0 @Blyfilcon.
genfilcon, lenefilcon, senefilcon, ‘bal afilcon, lotrafilcon, or

gallyﬁfllcon 15 Curing of the lens material may be carried out by any
conveni GingBe tH26hs ﬂiﬁénﬁ ?cme%mfeh%u{wﬁvcahvmt Jaetheffl%% Eithiwvii n
a nold and cured by therna irradi ati'on;, chem cal ect romagneti c
radi at mﬁera;abmam@ednnbsnthféwuhma raeld asbaisphby thermals ivadiatidn, clmnaitalr abl Y,
nmol di n f

et r%rl%cof)ﬁﬁér{eltlg?%a‘?ifilonléﬁhg ¢&ethgs gpéf% ?HJTdI Cg{b}&n@ggﬁw ﬁ@f&m So¥hding is
condi t ican&edsut by ﬂtrﬁﬂoleclught ngud:lﬂ@thh éﬂlsqmemen bfisibiel lighd ema sbeoﬁichlﬂbe
mat r| ghfagr%hg%c% lq-aggg s&l%ﬁlg oL r4°“&'§§ tl%q%gsorﬁgg%% Wéggep%g(li ggg{eocegr?a?selected
5 039 459 theABigh t5b54&nfkaosu1ﬁﬁl@rpm%%$£¥eﬂ%&@héﬂ ihU.$ ek NN, 493 13es by
reference, 25 The contact |ense i nvention_ may bhe f or med by

any corfu@ifhe 4-AE o >-0ehd5% gedh 51569 ﬁthﬂﬁ%@faé?dlhéfeﬁ@ntt%elb?%@é Yol d

i NSert Sefefdige Mol d inserts in turn are used to form nolds.
Subsequently, a suitable lens material is placed between the nolds
foll owed by conpression and

25  The contact lenses of the invention may be formed by any convenient method. One such method
uses a lathe to produce mold inserts. The mold inserts in turn are used to form molds.
Subsequently, a suitable lens material is placed between the molds followed by compression and
curing of the resin to form the lenses of the invention. One ordinarily skilled in the art will
recognize that any other number of known methods may be used to produce the lenses of the

30 invention.



curing of the resin to formthe | enses of the invention. One
ordinarily skilled in the art will recognize that any other nunber of
known net hods may be used to produce the | enses of the 30i nvention.
W Claim 1) An ophthalmc I ens conprising a design that includes
correction factors for near and far vision based on wavefront data
and pupil size wherein said the use of the lens slows or stops the
pr ogr essi ow}o@ lr{r%opi a; and wherein the |lens conprises a convex
surface wit ntral optic zone surrounded by a peripheral zone

f ut her surrounded by an edge zone, and a concave surface which rests
on the wearer's eye; wherer n the |l ens power at any location in the
optical zbhe'R erhifiadmicil HEEOBPrising a desigrothatindude icamdctidh SfcrncRr ave kaged
wavef ront déat vision poedon phusfroat das ﬁ.rﬁtﬁl?ﬂ@lz\MWh@ﬂlﬂ Sidae hieast i 1ere @
single, par &loaﬁsdﬂvtbbéthb(prdg&es%hbfﬂ f.nghe difference between the

di stance and, ower. at. each | ocation
(x) and the J{%&?ﬂ tthg“S %gﬁ;@é% °?‘h"e" é%r?%cﬁr““ nire] §PF 2905 ARECURdebY ant
deri ved powé’F’gphefE}]] EOWpr furfospded baae ed grezang and efcancavesuefane whichirests or
sl owi ng t he opilsgtessesismyeorhensio nimiensa))ow,ér atesh p dodbatidn id @lsd (gkitd) goﬁe gont act
| ens conpri desegbedd)y the quth bf 118 apylefistaeb aflRiRd uﬂ)xef@&:@\i E us a
brofil e thag et a’hmg%‘?’%“"?? i 4e bl G Rle %wiﬂnl%? 1 Gitsgence
based on vvave onélll g Tapticrage pavelpnt depedpewerdt each &aation (x)
wher ei n t he®@% 8Fh’c’3’6‘?5’ﬁ$’ B%WVG?P e veirsl gaar and distanse wegliiontstbrived) deHi‘s thc

met hod of Cbptioal kensyevee being ubefplap ebraiolip dnEMGAORE pdatedsibiSo Bk

5) The nmethod of Claim| wherein wavefront data for an individual are
acquired. 6) The nmethod of Claiml wherein the wavefront data is an
average @b Pnnkﬂmqbbédemnm@a@dsﬁtacftlehe&am Fisinghe method of O aim 1 wherein

the |l ens de rof is cal cul afed by averaging all
neri di ans t% gﬂroﬁn "6 eef'ioflé)f!z‘&/mretrlc form 8) The method of Claimé6

wher ei n t heb) é}msvd&m tgﬂwp)ﬂ-,\ﬁemdaraqshya%lélﬁo‘gélngaﬂl ated by the inverse of

t he near po
XBE Geﬁ)eratmg a%ens power profile that includes correction factors for near and far vision

based on wavefront data and pupil size.

3) The method of Claim 1 wherein the total population wavefront data is acquired.
4) The method of Claim | wherein sub-population wavefront data is acquired.

5) The method of Claim 1 wherein wavefront data for an individual are acquired.

6) The method of Claim | wherein the wavefront data is an average of multiple wavefront
files.

7) The method of Claim 1 wherein the lens design power profile is calculated by averaging
all meridians to a rotationally symmetric form.

8) The method of Claim 6 wherein the lens design power profile is calculated by the inverse
of the near power profile.
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9) The nethod of Claim6 wherein the | ens design power profile is

cal cul ated by neutralizing the negative aberration of the near power
profile. 10) The nethod of Claim®6 wherein the | ens design power
profile is cal cul ated by adding the distance to the near wavefront
power profiles. 11) The method of Claim6 wherein the | ens design
power profile is calculated by adding a nultiple of the distance to

t he near waygef j ey I net hod of. C ai wher ei n
the | ens des?a Iﬁgg{g\t’\%rﬁ\éﬁl;l&ﬁfli I@fédhllﬁgﬁlcﬂé l(':%%ﬁ dé:Fig%p %‘V‘&E”Jﬁ%‘é °%{°‘15%]?£‘?Yon of

t he di st anceevfializingthe @ggatiyeghstrationtof fowesr powef prbils.  13) An article
conpri sing conput er-usabl e nedi um havi ng conput er readabl e
instructions stored thereon for execution by a processor to performa
met hod conph® Jipgethodai/Elrin hyheveindierlentdesigt povedn arofite ie dl diaigl 131dEME tHeO
a radial p [N ns power profile that includes
correction a{izl%cg?ogth?g%rg{gg%r%)g{rﬁé’“%é%oéﬁ%i on based on wavefront data
and pupil size. 14) The article of claim 13 that produces a | ens

design for i convex .surface with a cenfral optic zone
sur r ounded 1%‘%{ lrgé]%gt%%#e@%&%}gﬁ%mﬁﬁ}eéﬂw ﬁgs’gr’tﬁc’t“ﬁél’r 05[?;*? Qi’\!ﬁ‘}g@él bppdding a
edge zone, mwitiplaotibediatacesotikace wahéfodnt p@sdr profifest he wearer's eye.

15) The article of claim 14 wherein in such design the | ens power at
any location in the optical zone is described by the sumof the

api cal di stlahTle matbogedlaimbelionsii thd Gnt d@skupewer prbfid$s @AlcaRlH 8% Eﬁd?ﬂ%]a
which is d%éﬁ%ﬁ%fﬁﬂé?n}ag sti r@l e v%%fti al mul téfgl e or multiple of the
di f f er ence PBEPRGERC FRE 'Q{ HIEY TPE BV PERIUGe wavef ront derived
power at each location (x) and the difference between the apical near
and di stan Xay. 1flg(():nt derived powers, the optical |ens power being
useful in conttortT Ag B BEPHEtsAYC Bredyrdezng omputshyesdilie ingtg)ctipns
opht hal i ¢ stoeed sheeamitd exedugomb e sogHscr Raferforth b wleRd SOhsRfkl QRvEAagS o s

for near and ff%)rt%' sihon based on wavefront data and puplﬁ% Si ze

wherei n sal'g"t LCIBPCPHERE B1RYe & DiRdiabrover BpR andgengrriggrdensipowenf
nyopi a; anprofiteahaiinehidesionRONR fadidrs £ h&d Thd\REvid¥n basEPU habom RRRLY) +
Kl x) PPD(,)égllePN(O)- RED(0)))- RPN()4 17) An ophthalmc lens for
the sl owi nYPof*"4fyopi a progression conprising: a central optical zone,
a peripheral zone, and an edge zone; wherein the peripheral zone

surrounds optical zone, the edge zone surrounds the peripheral
zone; the g&eﬁ@ mg‘b aim |3 thatpredicey alenwissige & alensavibharcomies ewfae pither

profile whi edtpiropgs ﬂﬁl%isﬁ‘r%u‘x’kdédrlﬁzraeiﬁﬁﬁﬁerzlﬁ &QAE{\»@%B@?@IH EAHbIA f%yoan edge

! . he
correct distance vision to a power at |eas |olpt ers nor
posi tive tIPAfr 3fa CoRSRET SuFaG T direstoncibe earer' skiyst ance vi sion, said
central optical zone further conprising a maximumin the optical

power prof i3)eThe affik JHBRILT N whteinOPhick bsiAAUSnd fowleh s aﬁﬁrdcﬂfb‘ﬁriﬁlhez one
has a power .razgw red toq cgrrect di stance vision. 18) The |ens of
d ai m 17 \GREFREPRCIHEesefied Y desupoé e gpiceldistaneneveragedpevefant dzdved power

3.5 MM or ph@%Scorreckidh whith it &RFe®irorks 3inBle L farif GluBlpl &G G dLiBIELE"
of the central qgptical zone is 5.3 nun or |ess.
between the distance and near average wavefront derived power at each location (x) and the
difference between the apical near and distance wavefront derived powers, the optical lens

power being useful in controlling or slowing the progression of myopia.

16) An ophthalmic lens comprising a design that includes correction factors for near and
far vision based on wavefront data and pupil size wherein said the use of the lens
slows or stops the progression of myopia; and wherein lens power is determined by:

PowProf = RPD) +kyy\(RPD, + (RPN, - RPD) )}~ RPN,
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20) The lens of Claim17 wherein the outer dianeter of the peripheral
zone is 8.0 mn or less. 21) An ophthalmc lens for the sl ow ng of
myopi a progression conprising: a central optical zone, a peripheral
zone, and an edge zone; wherein the peripheral zone surrounds the
optical zope, the edge zone surrounds the peripheral zone; the
optical poWerih ephihabinig dens foithegiinviegof mvonis peeamgssios eanmispgwer  profil e
whi ch progr essi y&k¥i doics Lred to correct

di stance vision to apggvtgﬁfp%rggganggg\éﬁé%ﬁ%ggg&gbre positive than
the power requVh@eintly negphicsal zout wireundethepticehzons,dhakdge nine ahrrapts el

zone further cQRRSIB8e: e BR%E: N the ical . power profile;
wherein the opﬁx_{@alr power e{’%ﬁ%{{gmﬁgp}% er atgég}gt%éﬂ ggc%“lﬂ‘?(ﬁ%arpoﬁ’reﬁﬂ’fqﬁée
extrapol ated fWiifh preesshicly iheressenfiorak poptrireqired proermrect 2RjancENasidrE0 & pover

Cl aim 21 wheregj [ f the central optical zone.,s .
35 mmor | eset el Qs b ATERES o) ol DBy IR R Bk B e s
of the centr alcegiplioptidal zapn furthsr Snfrising o makiesm in tRptid ow@PEM ; &adai m
21 wherein th : ' f.the. peripheral zone is 8. 0 mm or
ose o) Tho TGE e SoRAPASlsr o nk DEREH BRERE b 2fBPTenEind escorr itence
26) The | ens ofisi@.ai m 25 wherein the |inear extrapol ation maintains

t he power slope at the boundary of the central optical zone. 27) The
|l ens of Claim21 wherein the extrapolation is a higher order

pol ynoni all8) Z8) lefif Qlams| oihetkiaitiva citer dhgker 6tk qatrl \'E\blgﬁﬂaﬁionia % B4 mhRst
a second jgrder function. 29) The Iens of Caim27 ere the

pol ynom al is a continuous function with a continuous second
derivative. 30) A nethod of slow ng the progression of myopia

conpri si ng, rovi din patient with |lens having a central optica
zone, a pg?} %%elre i Oqgg“ﬁlgﬁ 7a‘ﬁlber 4h eyt Jigneter %ﬁ@r‘éﬂ‘ﬁﬂd PRical7one i513ek mm or
zone surrlessnds the optical zone, the edge zone surrounds the

peri pheral zone; the optical power in the central optical zone
conprises a power profile which progressively increases froma power
required 20) Tierlesaet Chi tdnaRrelh Sl @btct MarfetBVMHe palipHetR Sineds $o HhPRLGS S
nore positive than the power required to correct distance vision,
said central optical zone further conprising a maxi numin the opti cal
power pr of DI &1 oplitkelnjcdensifer thadowing pEmyonivmegressivntchmprising: pher al  zone

has a pover rgQitheehiicl B, b SelplaLARGRA %h SdRBon3l) A Method of
sl owi ng the progression of rryopll a conpri sing: ’

wherein the peripheral Zone surrounds the optical zone, the edge zone surrounds the

peripheral zone; the optical power in the central optical zone comprises a power profile
which progressively increases from a power required to correct distance vision to a power
at least 0.5 diopters more positive than the power required to correct distance vision, said
central optical zone further comprising a maximum in the optical power profile; wherein

the optical power in the peripheral zone has a power profile extrapolated from that of the

central optical zone.

22) The lens of Claim 21 wherein the outer diameter of the central optical zone is 3.5 mm or

less.

23) The lens of Claim 21 wherein the outer diameter of the central optical zone is 5.3 mm or

less.
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providing a patient with a | ens having a central optical zone, a

peri pher al

zone, and an edge zone; wherein the peripheral zone

surrounds the optical zone, the edge zone surrounds the peripheral
zone; the optical power in the central optical zone conprises a power
profil e which progressively increases froma power required to
correct distance vision to a power at least 0.5 diopters nore

posi tive tbaNThdiensud\@aimr2e gthiefefitthe Guteralidnetdr oflihs hatpheraViont B18.0 B o less.
central optical zone further conprising a maxi mumin the optical

power profile; wherein the optical power in the peripheral zone has a
power pr of 23)ahe xdnk apOlaitt BOwhdreiittichatragefatibh) et ral optical zone.

26) The lens of Claim 25 wherein the linear extrapolation maintains the power slope at the

boundary of the central optical zone.

27) The lens of Claim 21 wherein the extrapolation is a higher order polynomial.

28) The lens of Claim 27 where the polynomial is at least a second order function.

29) The lens of Claim 27 where the polynomial is a continuous function with 2 continuous

second derivative.

30) A method of slowing the progression of myopia comprising:

providing a patient with lens having a central optical zone, a peripheral zone, and an edge
zone; wherein the peripheral zone surrounds the optical zone, the edge zone surrounds the
peripheral zone; the optical power in the central optical zone comprises a power profile
which progressively increases from a power required to correct distance vision to a power
at least 0.5 diopters more positive than the power required to correct distance vision, said
central optical zone further comprising a maximum in the optical power profile; and
wherein the optical power in the peripheral zone has a power required to correct distance

vision.

31) A method of slowing the progression of myopia comprising:

providing a patient with a lens having a central optical zone, a peripheral zone, and an
edge zone; wherein the peripheral zone surrounds the optical zone, the edge zone
surrounds the peripheral zone; the optical power in the central optical zone comprises a
power profile which progressively increases from a power required to correct distance
vision to a power at least 0.5 diopters more positive than the power required fo correct
distance vision, said central optical zone further comprising a maximum in the optical
power profile; wherein the optical power in the peripheral zone has a power profile

extrapolated from that of the central optical zone.
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